
Summary of unsuitability of Leamonaghan Bogs as a windfarm location. 1) 
Archeological Importance. Leamonaghan bogs “contains some of the 
richest and most diverse archaeological material in the country, and the 
number of sites is exceptional. It is probably one of the most important 
wetland sites in the world. There is nothing to match it anywhere else in 
Europe.“ - Taking a closer look at ancient bogland sites, Conor Mc Dermott, 
Director, Archaeological Wetland Unit UCD. See attached: Filling in the 
Blanks - An Archeological Survey of Leamonaghan Bogs Co. Offaly. The 
Irish Archaeological Wetland Unit 1997. Offaly History and Society, Chapter 
1: The Prehistory of Offaly Peatlands, Conor Mc Dermott 1998, Offaly 
History Society. Bogland Surveys of Ireland, Irish Archeological Wetland 
Unit 2003 The Oxford Handbook of Wetland Archeology, Chapter 21: 
Trackways and Roads across the Wetlands, Richard Brunning and Conor 
Mc Dermott. 2) Monastic Importance. Leamonaghan monastic complex (an 
offshoot of Clonmacnoise) is of historical importance and national 
archaeological significance. In the 2007 Conservation Plan for 
Leamonaghan, The Heritage Council and Offaly County Council agreed in 
principle to safeguard this monastic complex, citing it as a “sacred place of 
great antiquity, with buildings of architectural significance and 
archaeological importance” and agreed to ”protect and conserve the 
monuments, and ensure that any initiatives are compatible with the 
preservation of its significance, and that the options for post-industrial use 
of the bogs are sympathetic to the significance of the site.” See attached: 
Conservation Plan for Leamonaghan 2007, The Heritage Council, Margaret 
Quinlan and Rachel Moss. County Offaly Development Plan. 3) 
Environmental/ Biodiversity/ Wildlife Threat. The environmental, biodiversity 
and wildlife threat posed by “inappropriate land use and development” was 
identified in the 2007 Conservation Plan for Leamonaghan. The 
construction of a large scale wind farm within an area of 1200 hectares (4.6 
square miles) on the Leamonaghan Bogs would entail the laying of 
thousands of tons of gravel for access roads to pylons, and the pouring of 
thousands of tons of cement for foundations with the possibility of 
undermining bog stability, and also leaving an enormous carbon footprint. 
In time this cement and gravel would leach into the bogs causing 
irreparable damage . Overall, environmentally, a windfarm would be 
extremely detrimental to the flora and fauna of this special place of 
biodiversity. Birds of "conservation concern" listed as “Red or Amber 
status” by Birdwatch Ireland, are endangered by this proposed wind farm. 
These include the Hen Harrier, Whooper Swan, Meadow Pipit, Woodcock, 
Kestrel, Sparrowhawk, Snipe, Stonechat and Linnet. Additionally, Bats, 
Red Squirrels, Badgers, Irish hares, Otters, Pine Marten, Foxes and 



Rabbits are endangered. Frogs, Lizards, multiple insect types, bees and 
spectacular butterflies are also threatened. 4) Impact on local residents. 
The impact of a large-scale wind farm on local communities on the 
immediate periphery (Cor, Rashina, Thumbeagh,Boher, Leabeg, 
Leamonaghan, Rosfaraghan) will be life changing, with visual pollution, 
noise pollution and shadow flicker from up to 180 metre turbines. 
Communities a few miles away (Ballycumber, Pollagh, Ferbane) and also 
much further afield will have visual pollution, especially due to the flat 
terrain. Of most concern to people in close proximity to wind farms is 
infrasound; a low frequency noise emitted from the turbines. The constant 
exposure to low-frequency noise may have negative health implications . 
The study of the effects of Infra Sound and Vibro Acustic Disease is in its 
infancy, however, it has been recognised by the World Health Organisation 
for the first time in its Environmental Noise Guidelines 2018,where it states: 
“To reduce health effects, the GDG (Guideline Development Group) 
conditionally recommends that policy makers implement suitable measures 
to reduce noise exposure from wind turbines in the population.” Ref: World 
Health Organisation, Environmental Noise Guidelines for the European 
Region 2018. ISBN 978 92 890 5356 3 Sec 3.4 Wind Turbine Noise. 5) 
Ecotourism not environmental vandalism. Leamonaghan bogs are ideally 
positioned for eco-tourism. The infrastructure put in place by Bord Na Mona 
already exists in the form of bog railways, which could be utilised to link 
Leamonaghan and its monastery with Lough Boora Parklands and 
Clonmacnoise, (it’s maternal monastery complex) which is one of the most 
visited tourist attractions in the country. The construction of a wind farm, 
with its visual impact (turbines of up to 180 meters, visible for up to 15 
kilometres) along with the environmental damage and destruction of 
habitats is not in harmony with ecotourism and environmental thinking, 
encompassing a broader, more sustainable vision for the area. The advent 
of new, smaller, greener, wind technology is making this type of large scale 
wind farm redundant, and in a short space of time, it would stand as a 
polluting eyesore on the landscape. Furthermore, the existing Pilgrim Route 
from Boher to Clonmacnoise, The Sli Mor, could be enhanced by an 
environmentally friendly boardwalk across the bog from Leamonaghan to 
Boher where St Monaghan’s Shrine (a 12th century gilt bronze, enamel and 
yew wood reliquary casket) is displayed. Conversely, the existing Sli Mor 
route would be grossly impacted visually by the construction of a multiplicity 
of towering pylons despoiling the scenic view southwards from the Sli Mor. 
Summary The proposal to site a Windfarm on Leamonaghan bog is 
contrary to the Offaly Development Plan which identifies Leamonaghan as 
“highly sensitive to new developments, which could potentially damage the 



historical character and social importance of the area” and further 
recommends “very limited development subject to appropriateness” - the 
very antithesis of a large scale wind farm. Leamonaghan is an area of 
international importance in wetland archaeology, and of national monastic 
significance, which should be conserved, protected and enhanced to 
increase awareness of our inheritance and ensure initiatives are compatible 
with the preservation of its cultural significance. The local population in the 
immediate peripheral area of approximately 4.6 square miles would be 
subject to life changing consequences (visual, noise, shadow flicker, health 
implications ), while a much larger area would be subject to visual pollution 
ruining a unique landscape. The environmental impact entailed in the 
construction of a wind farm, and the ongoing pollution would cause 
immense damage to the flora and fauna of this special place of biodiversity. 
Eco-tourism, not eco-vandalism is the future for this unique landscape; 
encompassing bog rail connections with Clonmacnoise and Lough Boora 
Parklands. The construction of a boardwalk, reflecting the ancient wooden 
trackways across the bog, from Leamonaghan monastic complex to St 
Manachans Shrine in Boher, would connect it to the Sli Mor Pilgrims Path 
on to Clonmacnoise. The case against a proposed wind Farm on 
Leamonaghan bogs on heritage, environmental, societal welfare and visual 
pollution grounds is overwhelming. The protection of our inheritance, the 
care for local people, ecological sustainability and a broader vision for the 
area is our non-negotiable duty. Thank you, Best Regards, David Connolly 
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Chapter 1

THE PREHISTORY OF THE OFFALY
PEATLANDS

CONOR McDERMOTT

Introduction
The peatlands of county Offaly are one of the most dominant features
the county's landscape. They cover an, area of over 64,000ha – one
third of the land surface of the county – and include raised bogs and
fens in the east and west is well as the blanket bog of the Slieve
Blooms located in the south.1 When areas of callows, alluviums, rivers
and lakes are added, Offaly has one of the largest percentages of
wetlands for counties in Ireland. As these landscapes evolved and
changed over time they formed a complex environment for human
settlement.

Lowland peats develop in depressions filled with open water in
which plants such as reeds grow. When these plants die their partially
composed remains accumulate to form fen peat. With time the
depressions become filled with fen peat and a transition begins where
surface of the fen is colonised by plants such as sphagnum mosses.
These plants rely, only on rainwater for their nutrition and, as they
accumulate, form raised bog which carries its own water table above
that of the surrounding area. Raised bog is characterised by a domed
upper surface which can have a micro-topography of drier hummocks
and wet hollows. These bogs grow beyond the confines of the basins
in which they formed and envelop the surrounding landscape, often
coalescing to cover very large areas. Around the edges of the raised
bogs a lagg zone is formed. This is a lower and wetter fringe with a
complex hydrology fed by water from both bog and dryland.

The archaeological record preserved in bogs is unlike that from
most other environments. As a bog grows it seals within its layers a
record of the natural environment and any human activity that may
have influenced it. This type of layered accumulation is similar to
layers on an archaeological site; in the instance of bogs, however, this
record is on a regional scale. Bord na Móna owns half of all the bogs
in Offaly and as mechanical peat extraction continues successive
earlier horizons are exposed over very large areas.
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The cutting of turf for fuel was established on the continent by the
first century AD and there are records of the practice in Ireland from
at least the seventh century AD.2 With the onset of turf cutting objects
buried by bog growth are likely to have been uncovered and, with the
interest of antiquarians in recent centuries, records of such finds began
to be kept. As peat production increased in Ireland during the Second
World War and with the formation of Bord na Móna the numbers of
finds grew apace. In recent years the number of archaeological sites
has dramatically increased as a large scale programme based on field
survey has been undertaken by the Irish Archaeological Wetland Unit
(IAWU). This project was initiated following Raftery's research
excavations and surveys in county Longford which greatly enhanced
both the understanding of and the number of sites in peatlands.3 To
date the IAWU fieldwork has been confined to northwest county
Offaly where over 880 new archaeological sites have been identified
in the bogs owned by Bord na Móna. The national figure now exceeds
two thousand sites,4 although only a very small number of these have
been scientifically examined and dated. Analysis presented below is
based on this information but may change in breadth and detail as
further work is carried out.

The evidence for human occupation in county Offaly is amongst
the earliest in Ireland. With the arrival of the first settlers, sometime
around 7000BC, the wetlands would have been encountered. Both the
perception and exploitation of the peatlands are likely to have varied
in the period since then. Bogs and wetlands would variously have
been treated as resources, boundaries, barriers/refuges or as sacred
places.

Resource
Bogs today are often perceived as a limited resource offering only
peal extraction and wildlife reserves. In the prehistoric period,
however, their exploitation was more diverse. Bogs offered
opportunities for hunting wild birds and game. Plants such as heather
were used for brooms, beds and buildings and other plants were
gathered for medicinal purposes. People placed objects in bogs for
safe keeping or cold storage, as in the case of bog butter. Leather was
buried in the bog to cure and some wooden objects were put there to
season. Tries such as alder, birch and oak growing on the bog could
have been used for the construction of structures on the peat or on the
dryland. Cooking places around the edge of the bog, which used a
trough of boiling water, had a ready supply of water and fuel. Farming
communities on the surrounding dryland could seasonally graze
animals on the bog vegetation particularly if the older vegetation was
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burnt to encourage fresh growth. In later periods considerable areas of
peatland were reclaimed and turned into productive agricultural land.

Boundary
Bogs form natural boundaries which were useful markers for the
demarcation  of administrative divisions since they were unlikely to be
contested territories. The county line between Offaly and Westmeath,
for example, passes through a number of bogs. To the west it runs
through the boglands of Bloomhill and Bellair and to the east through
Toar and Derrygreenagh. This type of marshland is also present along
11 of the border between Offaly and counties Laois and Kildare. Most
townland boundaries also tend to pass through bogs rather than
dryland areas. In areas where the dryland occurs as islands in
extensive peatlands, townland lines almost exclusively run through the
bogs. Of wooden posts or stakes are often found by the IAWU in the
course of fieldwork and although their function is not always easily
titled some at least appear to be a physical manifestation of boundaries
In earlier societies, just as today, bogs would have acted as markers of
territories and land ownership units.

Barrier/Refuge
Rivers are very effective as boundaries although the advent of water
transport rendered them ineffective as barriers. Earlier this century
people crossed the Shannon every Sunday morning from Curraghboy
on the Leinster side to Clonown in Connaught to attend mass. The
journey was undertaken 'winter and summer, flood or low'.5 Adults
braved the Shannon for dances and children crossed to school.
Ireland's widest river was not an obstacle to their regular ritual,
entertainment and education. A recently discovered bridge at
Clonmacnoise dating to 804 AD allowed cattle, wheeled vehicles and
large groups of people to cross the Shannon.6 Bogs by contrast are
larger bodies which cannot be crossed by boat or bridge and therefore
require significantly longer constructions to cross their expanse.

The locations of a number of archaeological sites show that the bog
was deliberately exploited as a barrier. Clonfinlough's Late Bronze
Age settlement, for example, was constructed in the bog beside a lake
at somedistance from the nearby eskers.7 Wetland areas surrounding
some ecclesiastical sites replaced the need for outer enclosures. The
site of the monastery at Lemanaghan is on a large dryland island
surrounded by bog. To approach it from any direction would have
required crossing over 1km of bogs and other wetlands (fig.1.1).
Clonmacnoise, the second most important monastic centre in Ireland
after Armagh,8 is situated at the confluence of two eskers yet it is
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Fig. 1.1 Distribution of wetland (almost 1,200 archaeological sightings and
dryland (50) archaeological sites from the Lemanaghan and Bellair area.
Sites of all periods are shown; most of the dryland sites are enclosures
of the Early Christian period.
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isolated from much of the surrounding area by bogs and callows
(fig. 1.2).

An undated linear earthwork in Tullaghbeg townland known as the
'Split Hills' cuts across a narrow point of an east to west running esker.
The site consists of a deep, flat-bottomed ditch flanked on both sides
by steep-sided banks. The combined height of bank and ditch is 9
meters.9 This massive construction, over 100m in length, terminated at
Fin Lough at one end and Mongan Bog at the other (fig. 1.2). For a
site of this magnitude to have been worth the investment of time and
labour necessary to construct it, the bog must have been considered a
formidable barrier. A further indication of the barrier represented by
the bogs are the large number of routeways constructed in all periods
in order to cross them (fig. 1.1).

Scared Places
In many societies watery places whether rivers, lakes or bogs held a
special religious significance. At various times in prehistory a range of
artefacts was deliberately deposited in them. While a proportion of
these may have been for safe keeping the numbers and densities of
objects clearly show that some were intended as votive deposits. Some
of the greatest assemblages of prehistoric bronzes came from such
sources. These include over two hundred swords and gold objects
from the Bog of Cullen, county Tipperary and similar numbers of
assorted high quality bronzes from Dowris, county Offaly.10 The
Dowris hoard may have come from a lake rather than a bog11 yet the
recorded finds demonstrate the vast wealth consigned to water. There
are indications that such depositions have their origins in the Neolithic
Period but it is in the lie Bronze Age that the practice flourishes. The
Dowris Phase of the Late Bronze Age (900-600 BC), named after the
Offaly hoard, is characterised by hoards and almost half of these are
from bogs.12 Iron Age peoples also placed great importance on
wetlands and throughout Europe offerings were made in them. The
famous hoard of gold objects from Broighter in county Derry which
includes the impressive torc and boat are from a river flood plain. Of
more specific relevance in a peatland context is Lisnacrogher, county
Antrim where the most important assemblage of Irish Iron Age
metalwork was found in a bog.13

There are records of over 89 finds of bog bodies from Ireland
representing over 96 individuals.14 They range in date from the
Neolithic to the last century and there are a range of reasons for their
death or burial in the bog. Murder, suicide and mishap account for
many of the finds. it is clear, however, that some are the bodies of
victims who were sacrificed in the bog. This is a practice that reached
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Fig. 1.2 Map of the Clonmacnoise and Fin Lough area showing the extent of
wetlands and the locations of sites mentioned in text.

its peak in Northwest Europe between the first century BC and the
fourth century AD.15 One of the most dramatic archaeological finds
this century is the bog body of Lindow Man from Cheshire in England
which showed that the victim had his throat cut as well as being struck
over the head and garrotted.16 Such offerings may have been made to
appease a deity believed to reside in the pools on the surface of the
bog or they may have been in exchange for blessings received or
sought. There are five recorded bodies from county Offaly, four of
which survive only as skeletons or individual bones.17 None of the
remains have been scientifically dated although one, from Cloghan
Castle, was found near an artefact (see below). In the context of sacred
places and offerings it is significant that a coffin containing the body
of a nineteenth century suicide victim was found in a bog in Ballykean
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townland county Offaly.18 This suggests that the burial took place
there because by that time bogs had ceased to be considered sacred as
those who committed suicide were excluded from sanctified ground.

There is no demonstrably ritual structure from Irish bogs, yet it is
likely that some sites were seen or used for such purposes. Most of the
wooden structures found functioned to elevate travelers above the wet
surface but it is very difficult to determine why people were there in
first place. Trackways generally did not cross the entire width of the It
is therefore difficult to determine whether they provided access the
bog or formed part of a route through it. Even where people either
crossed or exploited the bogs as part of their every day activities it is
likely that they were very much aware that this landscape held special
significance at oilier An increasing number of platform structures are
being identified in bogs and some of these may prove to places where
special activities outside the everyday realm occurred.

The nature of archaeological sites in peatlands
A great diversity of archaeological sites have been recorded from bogs
throughout Ireland ranging from burials to settlement sites. The burials
include bog bodies as well as other finds. A wooden 'house' published by
Wood-Martin in 188619 from Inver in county Donegal has been interpreted
as a mortuary house.20 It has also been suggested that two Neolithic
Carrowkeel bowls from bogs at Lislea, county Monaghan and Bracklin
county Westmeath represent burials.21 A number of settlements known
from the county Offaly bogs are discussed below.

Bogs are a formidable obstacle to movement and it seems that the
function of sites discovered to date was to overcome this. Nearly all of
the structures are of wood with a small percentage made wholly or
partly of gravel or stone. They vary in respect of size, complexity and
date and can only be broadly categorised by structural type. The best
known site type is the togher or trackway. The largest of these is the
Iron Age road at Corlea in county Longford made of split oak planks
laid transversely across the line of the site and supported from beneath
by longitudinal runners.22 It is 4m wide and over 1km in length. This
site dates to 148 BC and appears to align with a site of similar size and
date in Derraghan townland to form a regional route. At the opposite
of the scale are sites made of single planks, roundwoods or
brushwood. Single plank walkways, where planks are laid end to end
along the line of the site with single transverse supports, are being
identified in increasing numbers. The earliest of these is from
Curraghamore in county Offaly dating to 1685-1435 BC (plate 1.1) and
most similarly dated sites from the county were built in the same
manner (fig. 1.3). Small roundwood paths were made by laying groups
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Plate 1. 1 Curraghmore 16. A single plank walkway dating to the seventeenth
century BC. This site was originally almost one kilometre in length.

of between two and four roundwoods end to end to create a narrow
walking surface sometimes over half a kilometre in length. Recently
discovered sites in Cooldaragh and Leabeg townlands, county Offaly.
are of this type although none have been dated as yet. Similar
structures such as Derryoghil 8 & 9, county Longford and Timahoe
county, Kildare, date to the Early Bronze Age.23

Between the two extremes of scale outlined above all possible
combinations and scales of materials were used to build trackways
Most sites, however, were constructed of brushwood or roundwoods
or a combination of the two. One interesting variant of the brushwood
site is the hurdle trackway where long straight brushwood rods are
woven into a panel which is then laid on the surface of the bog. These
panels are often found in association with other construction elements
but they function perfectly on their own due to the increased weight
distribution they provide. Experiments have shown that a panel just
60cm wide can support the weight of a pony and rider.24

The majority of sites identified do not extend from one side of the
bog to the other. Trackways were often built only on those parts that
were most difficult or dangerous to cross by foot. The longest single
structure – from Garryduff Bog, county Galway is a transverse plank
trackway of 1.75km in length and dating to 892±9 BC.25 At the other
end of the scale are the hundreds of sites that can only be traced for
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tens of metres. When large numbers of these are found spread across a
bog it is not possible to say which were in use at the same time. The
term 'puddle togher' has been applied to extremely short sites which
were laid down to cross localised wet terrain.26  These sites are
typically less than 10m in length and are assumed to be for crossing
hollows or pools on the bog surface. Smaller again are sites for which
no function can yet be determined and which are simply described as
'worked wood in situ'.27 In recent IAWU surveys up to 30 per cent of
identified sites fall into this category. The sites typically consist of less
than ten pieces of wood which show evidence of having been worked
or placed in the bog but which have no apparent function. Future
research will have to address the problem of these enigmatic sites.

There are number of other site types which also occur in bogs.
Rows of stakes and posts which may have been boundary markers are
often found. Platforms may have played a role in ritual activities
although they may equally have been used as hunting platforms or as
temporary camps.

Each archaeological site represents a episode of activity on the bog
but recent surveys have identified dense clusters of sites which
suggest prolonged periods of recurring activity. The density of some
complexes is such that it is difficult to differentiate one site from
another (fig. 1.1). These observations contrast with the common
perception of human activity on bogs as being both infrequent and
limited. As sites were covered by the bog new ones were built
although not necessarily on the line of the structure they replaced.
Nonetheless, recent dating evidence suggests that in some bogs there
was a near permanent presence of sites on the surface.

The importance of bog sites is derived directly from the quality of
the preservation. Anaerobic conditions in the peat mean that most
organic materials buried there survive in near perfect condition. There
are periods in Irish prehistory from which there are few surviving
settlements apart from sites from bogs. This can help to create a
broader picture of the nature and extent of human exploitation of the
landscape. These peatland sites not only show by their very presence
that people were living on or exploiting the surrounding dryland but
the environmental history of the area is also recorded in the bog. By
studying pollen cores taken from the peat it is possible to build up a
picture of vegetational history. Wood used to construct the sites was
often brought from the dryland and can be used to tell what woodland
resources were available and how they were exploited. The majority
of the surviving prehistoric objects are of metal and stone but artefacts
preserved in the peat made from wood and other organic materials
allow us to see an extended range of material culture. Such artefacts
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and the large volumes of worked wood in the bogs enable the
technology and tools of the past to be studied through time even when
the tools themselves are not found at the sites. This potential has yet to
be realised in most of the Offaly bogs, however, the results achieved
to date are outlined below.

Mesolithic
The Mesolithic which started around 7000 BC, is the first period for
which there is evidence of human occupation in Ireland. It is
characterised by people exploiting food and other resources available
in the natural environment in which they lived. Settlements included
semi-permanent base camps and short-stay camp sites used to exploit
it specific resources.28 These transitory camps may have been used at a
specific time of the year or periodically through the year depending on
the nature of resources such as fish runs and stone types. Nearly all of
the Irish Early Mesolithic sites discovered to date fall into the
category of special purpose camps. The sites were typically located
close to either the sea, lakes or rivers. It has been pointed out,
however, that this distribution of sites in such food rich areas does not
preclude the finding of sites in other environments.29

County Offaly is the only, midland county where an Early
Mesolithic habitation site has been recorded. Until the discovery of a
site at Lough Boora, Broughal townland, in 1977 it was thought that
such sites were confined to the northeast of the country and that the
people who occupied them colonised the area from nearby Britain.
Since then archaeological fieldwork carried out in Munster has
identified further sites along the south coast of Ireland.30 Boora,
however, remains important due to its midland location and the
potential suggested by the circumstance of its discovery.

site was first identified as a gravel ridge in a Bord na Móna bog
which was thought to be an artificial causeway leading to a crannóg.
On excavation the ridge turned out to be a natural storm beach which
formed around the edge of a post-glacial lake. Closer examination,
however, revealed that there was evidence for human activity in the
form of simple hearths containing stone tools and animal bone. The
area was later covered by peat which masked the post-glacial
topography and archaeological remains.31 Given that the extensive
peatlands in Offaly were in the process of forming in the early
prehistoric period it can be argued that sites of a similar nature remain
to be identified.

The Lough Boora site consisted of fourteen hearths which survived
as charcoal spreads. These contained stone axes and hundreds of
smaller stone tools such as blades, flakes and microliths which are
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characteristic of the period. There was also much waste material to show
that the tools had been made at the site using chert derived from beach
deposits along the lake shore. The food refuse showed that fish, wild pig,
deer and birds as well as hazel nuts were eaten by the inhabitants.32

Radiocarbon dates confirmed the date suggested by the artefacts
and place the site between 7000 and 6500 BC. No structural evidence
was recorded and it appears that the site was a impermanent camp
where people came to exploit the stone source and perhaps to gather
food. It is likely that there were other camps in the territory of the
people using Lough Boora, including a more extensive base camp,
which have yet to be identified. A Mesolithic stone axe from
Noggusboy Bog33 which is 6km northwest of Lough Boora suggests
one area in which such sites may be located. No archaeological sites
from the Late Mesolithic period are known from Offaly but if the
earlier people continued through the generations then those sites also
remain to be found.

Neolithic
There is very little evidence for the beginnings of farming in county
Offaly sometime before 4000 BC and the same is true for the remainder
of the Neolithic period. Two megalithic tombs are known from
Ballywilliam and Gorraun townlands in the south of the county34 but
these sites are outside the peatland areas. The dates of peat initiation in
county Offaly have not been studied in detail. However, as the Lough
Boora site shows, areas now covered by peat were available for human
exploitation in the prehistoric period. The dry landfall of dated trackways
can indicate the edge of the bog at specific times. It has seldom been
possible to fully trace such sites. One recently excavated example.
Killoran18, county Tipperary dating to 1440±9 BC, ended several
hundred metres from the current peat limit.35 Although there is little to
suggest that extensive stone walled pre-bog field systems such as at
Céide, county Mayo,36 will be found, there is every possibility that other
traces of Neolithic farming survive. The undulating sub-peat topography
means that many areas would have remained above the earliest peat
development. Detailed study of areas of cutaway peat may well produce
houses, hearth sites, cultivation ridges or stone working areas.

Wooden structures in peat dating to this period have been recorded
from bogs in other counties. Six Neolithic trackways have been
excavated by Raftery in county Longford.37 These vary in form and
include a substantial corduroy road in Clonbony townland   constructed
of transversely laid roundwoods and Corlea 9, a track constructed with a
superstructure and substructure of longitudinal brushwood and
roundwoods. Large numbers of such peatland sites have been
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identified in recent years in county Offaly. In the absence of
archaeological dating the possibility that some of these sites are
prehistoric in date must be considered. One such site, identified in
1997, recorded as having possible stone toolmarks on the worked ends
the timbers. A sample from this site has been sent for radiocarbon
dating and it may prove to be the first Neolithic site from the
peatlands in the county.38

The artefacts recovered from the peatlands of Offaly show a wider
distribution of human activity than the limited number of known
dryland sites. Find numbers are low but they are spread throughout the
bogs in the east and northwest of the county. Most of the finds are of
stone axes which are characteristic of the Neolithic throughout
Europe. It should be noted, however, that some of these finds can date
to both earlier and later periods. Stone axes were found at the Boora
habitation site and a stone axe/adze was found at the Late Bronze Age
settlement site at Clonfinlough,39 both in county Offaly. Other stone
artefacts have also been found including saddle querns and blades and
flakes of flint. With the exception of some diagnostic Neolithic flint
artefacts the dating of many of these objects is less certain than the
stone axes and some may equally be of Bronze Age date. The number
of stone finds of all types is increasing as peat extraction continues
and finds have recently been made near Lemanaghan. A stone axe was
found in 1996 in Straduff townland and a little to the west of there the
IAWU found a Neolithic side scraper.40 Some of the stone axes
recovered from bogs in Ireland appear to have been deliberately
deposited and may be precursors of the many objects deposited during
the Bronze Age.41 In this context, three axes located together in a bog
at Kilmalogue, county Offaly, may have been a cache or ritual deposit.

Although there are no organic Neolithic finds from bogs in Offaly
there are a number of objects which have not yet been assigned to a
period. These include scraps of leather and some, miscellaneous pieces
of wood which may prove to be Neolithic if scientifically dated.
Another intriguing possibility is that one of the undated bog bodies
from the county may be from this period. The only dated Neolithic body
from the country comes from Stoneyisland Bog in east Galway42 which
raises the possibility of similarly dated finds in the Offaly region.

Bronze Age
Currently it would appear that it was in the Bronze Age that sites
began to be built in the bogs of county Offaly. While no sites have yet
been dated to the Early Bronze Age, beginning around 2500 BC, from
around 1700 BC onwards many sites were constructed in the bogs in
the northwest of the county. All of the sites which have been dated are
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from Bord na Móna's Blackwater and Boora Works located between
Tullamore and Shannonbridge. This localised distribution is a product
of the areas covered by archaeological fieldwork and is likely to
extend as field surveys continue.

Early Bronze Age settlement evidence identified to date is
confined to marginal land although it is unclear whether these areas
were marginal at the time of settlement or became so with the
expansion of peat.43 While there are no settlements known to date to
this period in county Offaly the distribution of finds and burial
suggests a widespread presence in the county. There are a number of
finds spread across the bogs in northwest Offaly and one find from
bogs in the cast and the south. The types of finds mirror those dated to
this period from the rest of the country which generally come from
low lying areas and wetlands in particular. Offaly finds include
daggers, axeheads and flint knives. Many of these objects may have
been lost during work or travel but some may also have been
deliberate deposits. Three bronze axe heads from Ballylin near
Ferbane, although there is no record of association,44 were probably a
hoard as were a flint arrow head and knife from Noggusboy. It may be
significant that a bog body from Cloghan Demense townland which
survived in skeletal form was found near an Early Bronze Age
dagger.45 Although the association between the two finds is uncertain
their proximity to each other may mean that they were contemporary,
which would make this body the earliest from the county.

The large number of sites excavated and dated by Raftery in
county Longford46 give a picture of what might be expected when
further Offaly sites are dated. Longford examples show a slow but
consistent rate of trackway construction through the Neolithic and
Early Bronze Age periods with nearly all sites occurring in Corlea
townland. One of these sites, Corlea 6 dating to 2259±9 BC, is of
particular significance because when it was first excavated in 1988 the
toolmarks on its timbers were the firmest evidence for the use of metal
tool at such an early date.47 Since then further evidence from other
areas have prompted archaeologists to propose even earlier dates for
the start of the Bronze Age.

The Middle Bronze Age in Ireland is principally distinguished from
the earlier and later periods by changes in metal working technology
and the development of new artefact types.48 As with the preceding
period few settlements have been discovered and none of these are in
county Offaly. Where settlements do occur they differ from earlier sites
as they tend to be enclosed.49 One such site was discovered when the
level of Cullyhanna Lough, county Armagh was lowered by drainage
and a structure was exposed. The site had been constructed on bog
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near the edge of the lake and was surrounded by a palisade of posts
c.17m in diameter which enclosed two structures.50 The main structure
was an oval house with wooden posts for walls and internal roof
supports. A second, smaller, structure was a semi-circular
arrangement of posts apparently forming a screen around a food
processing or working area. This site dates to 1526 BC and although
the excavator interpreted the site as a hunting camp it is likely to have
been a small defended settlement.

There are four sites from Offaly bogs dating to this period (fig.1.3).
Three of these are narrow plank walkways and the fourth is a strange
mixture of a trackway and a post row. Two of the sites have been
dated by dendrochronology and belong to a cluster of such sites in wet
contexts dated around 1500 BC.51 It has been suggested that this
building phase occurred because conditions were drier than usual
allowing the Cullyhanna site, for example, to be built in an area that
was subsequently covered by the lake.52 Given the evidence from
Longford and other areas53 the trend of increased site construction
continued until around 900 BC. What is clear is that the Offaly sites
started to be constructed at a time when trackway construction in
general was on the increase.

A site type that is common in many parts of the country, the fulacht
fiadh or cooking place, generally dated to the second millennium BC.54

These sites consist of a trough cut into the ground which is lined with
stone wood, or clay. They are always located close to water so that the
trough can he filled easily and in some cases they seem to have filled
naturally with ground water. Many such sites were constructed in or at
the edges of bogs to take advantage of the ground water. The water was
brought to the boil by placing fired heated stones into the trough. These
stones tended to shatter after a number of firings and were discarded
around the site along with the ash and charcoal from the hearth. As the
stones accumulated they formed kidney shaped mounds from which the
sites take another name – burnt mounds. Over four thousand of these
sites are known from the country yet only 14 have recorded in county
Offaly.55 One reason for this may be the dominance of limestone in the
underlying geology of the county as it turn to lime when fired or turn to
calcium hydroxide when heated are placed in the water.56 Despite this,
the glacial deposits covering much of the county offer other stone types
and the present day industrial exploitation of Offaly's extensive
peatlands offers an opportunity for further sites to be identified. Recent
excavations in Derryville Bog, county Tipperary, have uncovered a
number of fulachta fiadh in a band along the former Bronze Age edge
of the bog.57

The pattern of human activity suggested by archaeological finds from
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bogs is similar to that from the preceding Early Bronze Age, although
the distribution is more evenly balanced between the east and west of
the county. The range of finds is limited and nearly all are single
finds, mostly of bronze spear heads. Other finds from Offaly include
two axes from the east and south of the county, respectively. During
this period certain artefact types, in particular bronze dirks and rapiers,
were almost exclusively deposited in wetlands indicating the increased
importance of such areas for votive offerings.58 Almost one quarter of
the dirks and rapiers from wetlands have come from bogs. In this
regard, the county Offaly bogs are strikingly underrepresented as
neither of these two artefact types have yet been found.

Starting around 1200 BC, the Late Bronze Age is another period
which is defined by change. There is better settlement evidence than
for earlier periods which is partly due to the increased construction of
lake edge settlements which until recently dominated the settlement
record. It is a period of increased fortification on dryland sites and of
richer deposits in the wetlands.

Two of the known Late Bronze Age Settlement sites are from county
Offaly and both are lake side habitations. The first, BallinderryII, is
situated in Ballynahinch townland near the edge of Ballinderry Lough
from which it takes its name. It was excavated by Hencken in 1933 as
part of the Second Harvard Archaeological Expedition in Ireland.59 The
work followed the excavation in 1932 of Ballinderry I crannóg, 2km to
the northwest, in county Westmeath. Ballinderry II was constructed on a
former island in the lake and consisted of nine small wicker huts on the
western side and a large rectangular structure to the east. The huts
ranged in size from 1-2.7m in internal diameter suggesting that the
smaller ones, if not all of them, were for storage or shelter. The large
structure measured 11.5x11.5m square and was constructed of eight
parallel baseplates set into the ground 1.5m apart. These and further
walling around the sides would have supported the structure by means
of numerous posts which went through regularly spaced mortices in the
timbers. The economy of the sites was based on agriculture and was
dominated by domesticated animals and cattle in particular. Some crops
were grown as indicated by the presence of a small number of querns
and small amounts of red deer and other wild animals and birds were
also eaten. The artefacts from the site include a small number of bronze
tools and ornaments as well as pottery, stone, amber, leather and other
finds. One intact and two cut fragmentary human skulls were found
buried at the site and the excavator described this as the ritual
preparation of the site for habitation.60 After a number of levels of
archaeological deposits the site was abandoned as a result of a rise in
the adjacent lake which submerged it. Later, in the Early Christian
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period, the site was once again occupied when a substantial settlement
was built over the Bronze Age remains.

The second wetland habitation site is at Clonfinlough
approximately 2km east of Clonmacnoise.61 The site was built on fen
peat close to the shore of Fin Lough and well removed from the
nearest dryland (fig.1.2). It was discovered in a Bord na Móna bog
when the milling machines came down on to the remains of a number
of houses. The site is enclosed by a wooden palisade measuring
45x50m which forms an oval with one end open. Although the lake is
considerably smaller today it is thought that the site was a shore site
open to the lake (fig.1.4). Within the palisade two houses measuring
9m in diameter, a structure that may have been roofed and a platform
were partially excavated. A fifth structure, possibly a house, was not
investigated. Each of the structures was constructed on individual
foundations and they were connected by brushwood paths. The
foundations and walls were formed by a complex post and wattle
arrangement filled with roundwoods which gave the structures the
lateral stability required on the soft ground. Flooring was a mixture of
flagstones, planks and woven matting. Planks at the lower levels in
one of the houses showed that it was built in 908±9 BC. The site
continued in use until at least 886 BC when a new door sill was
inserted into one of the houses.

The artefactual and economic evidence from the site was limited due
to the circumstances of discovery. However, it was possible to confirm
that the economy included cattle with lesser numbers of pig and
sheep/goat.62  A number of quern stones showed that the processing of
cereals took place at the site and one wooden artefact, which may be
the dash from a churn, suggests the possibility of dairying. It can be
seen that the agricultural economy of the site is very similar to that at
Ballinderry and that, despite the locations of these two sites, the
occupiers of both sites farmed the surrounding dryland. The

Fig. 1.4 Clonfinlough Late Bronze Age settlement site. This enclosed settlement
was constructed at the edge of a lake. Drawing by Margaret Keane
based on excavation plans.
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Clonfinlough site also produced two wooden artefacts which are very
like modern day oars. These 'paddles' had perforated blades and,
although incomplete, would have been approximately 2.7m in length.
These are the best evidence yet discovered that prehistoric water craft
were not restricted to log boats. Given the small size of the adjacent
lake it is also likely that the 'paddles' were used on the Shannon
implying transport and communications over a wide area.

Starting after 1100 BC there is a two hundred year period when the
building of trackways in the Offaly bogs increases (fig.1.3). This
follows a four hundred year lull in the construction of sites. The tenth
century BC in particular appears to be a period of great activity on the
bogs and this is a pattern which has also been observed in other parts
of the country.63 The construction method is similar to that seen
around 1500 BC and similar reasons have been advanced to explain
the increase. Baillie has pointed out that the building of the
Clonfinlough settlement site and others around the country suggests
that climatic conditions and as a consequence the bogs, were drier
than they had been.64 The high quality of preservation on these
settlement sites indicates that the areas became wetter again, perhaps
after 900 BC, thereby protecting the sites. This inundation is also
evident from the lake deposits covering the Ballinderry II site,
although it is not as closely dated as the others. The end date for the
use of the Clonfinlough site is the last date in this cluster and its short
life may be due to its construction at the end of a period where the
conditions were favourable.

The distribution of Late Bronze Age artefacts from the Offaly bogs is
confined to the cast and north west of the county. These for the most part
consist of single finds of spear heads and daggers although there are 10
amber beads from Ballylin townland a short distance from Ferbane. There
are four Late Bronze Hoards from Offaly, one from the Bishopsland Phase
at the start of the period and three from the Dowris Phase at the end.65 Most
hoards from the period are from bogs and in this respect Offaly would
appear to be underrepresented given the area of peatland in the county.
Swords like the earlier dirks and rapiers tend to be deposited in wet places
with a significant proportion coming from bogs although not to the same
degree as hoards.66 More than a dozen swords have been provenanced as
coming from Offaly67 but none of these is from a bog which again shows a
deviation from the national pattern. Not all swords found in bogs are
necessarily votive deposits. A Class IV sword68 recovered from the surface
of a trackway in Longford Pass North townland, county Tipperary69 in
1990 seems unlikely to be a ritual deposit.

A wooden block-wheel from a bog in Clonarrow Townland near
Daingean has been suggested as Late Bronze Age in date.70 It is made
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of four parallel sections of ash held together with oak dowels with a
square perforation at the centre to fit the axle.71 A similar block-wheel
from Doogarymore Bog, county Roscommon, is the earliest in Ireland
and dates to the end of this period at 400 BC.72 Such wheels are of a
robust kind and are likely to have supported vehicles pulled by oxen.73

Lucas, however, has shown that block-wheels continued in use until
relatively recent times. On the basis of modern parallels and the
shallow depth at which the Clonarrow wheel was found, Lucas
suggested that the find was no more than a few hundred years old.74 In
support of a possible early date for the wheel, a trackway from
Tumbeagh townland which was under 80cm of peat has been dated to
1509±9 BC.75 This shows that shallow peat depths cannot always be
taken to mean recent dates . Whatever the date of the Clonarrow wheel
the Doogarymore example shows that wheeled transport was used in
this period and some of the Offaly trackways may have been intended
to carry such vehicles.

Iron Age
The people of the Iron Age have been called the 'invisible people'76 as
there is rich evidence of their material culture but little evidence of
their domestic sites. In county Offaly the situation is doubly
frustrating as there are few sites of any kind from this period and the
artefactual evidence is also limited.

The dated Iron Age sites in the county are wooden trackways from
bogs in Broughal and Clonsast townlands. The Broughal sites were
discovered in a disturbed state in a Bord na Móna bog and it was not
possible to trace the line of the sites. Broughal A & B appeared to be
corduroy roads constructed of transversely laid roundwoods supported
by longitudinal beams.77 The Clonsast site is unpublished. The -
distribution of these sites, one in the east and two in the west of the
county, suggest a more permanent presence of Iron Age people in the
landscape than might be inferred from artefacts alone.

Few Iron Age artefacts have been retrieved from Offaly bogs
which is surprising for a period in which a high proportion of metal
finds elsewhere are from wetlands and bogs in particular.78 The Offaly
bog finds are quern stones and a whetstone, most of which may date to
later periods. There are two beehive type querns from Raheenglass
townland in west Offaly which certainly belong to this period.
Beehive querns are so called because of their distinctive shape and are
classic La Tène type objects. The distribution of La Tène material is
predominantly in the northern half of the country and the distribution
of beehive querns is delimited by a sharp line running from Dublin to
mouth of the Shannon.79 These two finds therefore mark the
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southern limit of this artefact type. Like the Raheenglass examples,
beehive querns in Ireland are almost exclusively from bogs. These
objects would have been in regular use on settlement sites and have
had a strong association with the harvest. That so many are found
from bogs where other deliberate deposits were made indicates that
many were votive deposits.80

As with other periods it should be borne in mind that a proportion
of the undated wetland sites recently discovered in the county may be
Iron Age in date. This is also true for organic finds and bog bodies. A
complex of sites from Curraghalassa Bog near Ferbane has produced a
late sixth to early seventh century AD date for a structure which
overlies earlier sites and artefacts of probable late Iron Age date (plate
1.2). Bog bodies date from the Neolithic period to the last century but
there is a specific category of body which is a feature of the Iron Age
in Northwestern Europe. These are sacrificial killings often with
multiple injuries to the victim who was then buried in the bog.
Gallagh bog body from east Galway, which dates to the second half of
the last millennium BC, may be one such find as there were sally rods
around the man's neck which may have been used to strangle the
victim (plate 1.3).81

Plate 1.2 The lid of a wooden vessel from Curraghalassa Bog. This object is from
a site dating to before the sixth century AD and is probably late iron age
in date (photo courtesy of David Jennings).
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Plate 1.3 Gallagh bog body from east Galway. This man was probably sacrificed
sometime in the last half millennium BC (photo courtesy of National
Museum of Ireland).
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The Historic Period
While this paper is primarily concerned with the prehistoric period.
recent fieldwork in Offaly has highlighted some interesting points of
continuity and change in the historic period. Following the almost
complete disappearance of sites from the Offaly peatlands after the
period of concentrated activity in the Late Bronze Age around
900 BC, there is a marked increase in site numbers early in the historic
period (fig.1.3). This hiatus in construction is closely matched in a set
of over one hundred dates complied by Raftery.82 Most of the dates are
from sites in county Longford but those from other areas also support
the pattern. These dates trail off markedly after 900 BC and there is a
gap between the end of the second century BC and the sixth century
AD. This interval is present in dating from other types of
archaeological sites. Recent research shows that 'no archaeological
timbers, dateable by dendrochronology, belong to the more than six
centuries between the dated 95 BC and 550 AD'.83 The number of sites
which have now been radiocarbon dated far exceeds the number of
dendrochronological dated sites and yet the pattern is still maintained.
This suggest, that whatever is causing this hiatus is effecting the
construction of all types of sites in bogs and also sites in other wet
contexts which use large timbers in construction. The Offaly dates are
clearly reflecting trends on a much wider scale. In this context the
possibility of sites dating to the late Iron Age at Curraghalassa Bog
may prove most interesting.

The distribution of the sites dating to the late sixth to early seventh
centuries AD in northwest Offaly is quite interesting. With the
exception of one site they are all in bogs either adjacent to the dryland
island at Lemanaghan or are part of the same bog complex. They occur
in Straduff, Lemanaghan, Curraghalassa and Derrynagun bogs which
together surround the island (fig.1.1). St.Manchan's church on the island
and the monastery which grew up around it were founded by the saint
some time before his death in 665 AD.84 The sites in the area date to
between 578 and 684±9 AD with ten of the eleven sites dating to
around 665 AD or before. This shows that there were routes across the
bog prior to the foundation of the monastery but that its presence may
have accelerated an already active period of construction.

Stout has suggested that apart from the logical avoidance of peatlands
in the construction of ringforts85 there was further zoning within the
landscape. In a study which covered the Lemanaghan area he noted that
the ecclesiastical sites were in a band along routeways on the lower land
close to the river Brosna. The ringforts, and particularly the high status
sites, were at a remove from the communication routes along the river
and situated on higher ground.86 Recent surveys of the



THE PREHISTORY OF THE OFFALY PEATLANDS

23

Plate 1.4 Bloomhill multi-phase road. This site was first constructed in the seventh
century AD and continued to be rebuilt until the fourteenth century.

help to reinforce the model of low lying routeways in a zone onside of the
Brosna. However, many of the areas of higher ground outside this zone
are separated by bogs and these bogs have also produced large numbers
of sites including those discussed previously. This suggests that while the
secular sites were not located on main arteries that they were fully
connected with the communications routes the region (fig.1.1).

The dating evidence suggests a decline in the construction of sites
after the seventh century AD (fig.1.3). Continued human activity in the
peatlands, however, is indicated by the artefactual and stratigraphic
evidence. One reason for the decline in the number of sites appears to the
adoption and maintenance of primary routes through some of the bogs.
Two sites in particular show this pattern. The first is in Derrynagun Bog
beside Lemanaghan island. A narrow plank walkway built between the
island and the dryland to the east in 653±9 AD. A series of four
substantial roads were later built directly on top of the earlier one using
gravel, flagstones and planks to create a wide surface. The final phase of
construction was some time in the thirteenth century (fig.1.3;
Lemanaghan 76).87 On the western side of the island there is a similar site
which appears to be the corresponding part of the route.88
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The decline in the use of the road may correspond with the decline of
church site after a period of prosperity when the eleventh century
crozier and twelfth century Shrine of Manchan were associated with
the site.89 Portions of the crozier were found in the Bord na Móna bog
to the north of the island90 further demonstrating the relationship
between church and the bog.

The second site to show this change from earlier building patterns
is from Bloomhill Bog in the north of the county. This site was first
constructed sometime before the seventh century AD and continued in
use until the thirteenth century (fig.1.3; Cloncraff or Bloomhill 1),
(plate 1.4). The dating and use of construction materials is very
similar to the Lemanaghan site although there are at least eight phases
of building on some parts of the site.91 The site also has associations
with a church site, in this case Clonmacnoise, whose decline is also
mirrored although during its use it would have formed part of a
regional network.92

Conclusions
County Offaly has a rich and diverse record of the prehistoric and

early historic periods which demonstrates human exploitation of the
landscape over the last 9000 years. Almost one thousand field
monuments of all periods have been recorded by the Archaeological
Survey of Ireland.93 A further nine hundred sites have been identified
in recent years from the bogs in the northwest of the county.94 This
high proportion of wetland sites is due to the preservative qualities of
the bogs as these sites survive in their entirety and are not subject to
erosion and later alteration as dryland sites are. Their survival means
that a broader picture of the presence of people in the landscape can be
gained from the bogs than from the evidence from the dryland alone.
This is particularly evident in the periods for which no settlements are
known from the county. That such settlements did exist is clear from
the peatland evidence and it is also possible that the bog structures can
be used to guide us to areas where settlements were likely to have
occurred.

From the volume of recent evidence it is clear that the bogs were
part of the every day landscape for the people who lived around and
on occasion, in them. This is appropriate in a county where bogs still
play an important part in the economy, society and history of the
people.
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Bogland surveys in Ireland: 
forty shades of brown 

Cathy Moore, Cara Murray, Michael Stanley and Conor McDermott, 
Irish Archaeological Wetland Unit 

Coolnagun Bog 

The bulldozers are in the bog today 
destroying heather, lichen, furze and moss. 
While walking down Coole Hill I see the loss 
of purple panorama. Far way 
the wide horizon, Derravaragh lake 
(where once white feathers were the dai/,y cross) 
now blurred from view. Peat powder the new boss, 
it peaks in mountains, spews into the air. 

Old Phil Doran says developers will go 
and this brown desert will become a marsh 
and future generations will not know 
the spring of tuif like carpet, nor the glow 
of Summer harvest in the Winter hearth, 
the song of lark, bog cotton - globs of snow. 

Breda Sullivan 1998 

(by permission of the author) 
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Lost and found 

In the beginning ...

The quality of preservation and unique character of archaeological sites in our 
bogs make them one of the most exciting areas in Europe for new discoveries, 
with vast tracts of peatlands as yet unexplored. Pioneers of the peatfields, like 
Professors Etienne Rynne and Barry Raftery in Ireland and Professor John Coles 
in England, demonstrated this enormous potential by carrying out some of the 
first excavations and surveys. in peatlands. Almost all of the sites and artefacts 
recorded in earlier decades were chance discoveries and it was recognised that a 
more syst�matic approach to peatland archaeology was required in order to fully 
realise this potential. In 1990 the Irish Archaeological Wetland Unit was 
established by Duchas The Heritage Service (then the OPW) and University 
College Dublin to begin surveys of the some 80,000 hectares of midland bog in 
industrial production. 

Discoveries in peatlands range from habitations of the earliest Irish peoples in 
the Mesolithic period to the footpaths and roads of prehistoric to recent 
centuries (Pl. 24). These sites testify to the continuous interaction between 
wetland and dryland in the past. Perhaps this is best exemplified by the many 
hundreds of smaller wooden structures which do not cross the bog, but rather 
show that the bogs themselves were a focus for people in the past. 
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Pl. 24-Excavation of a large plank-built trackway datingftom c. 900 BC at 
Annaghcorrib, Garrydujf Bog, Co. Galway (photo: IAWU). 
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Nearly all sites and artefacts found in our bogs are made of organic materials 
such as wood. The waterlogged conditions that prevail preserve these materials 
in almost pristine condition. This is what makes these finds so dramatic. Wood, 
leather, butter and even human bodies survive in their finest detail and retain the 
trace evidence of past human activity that rarely survives on dryland sites. Wood 
often retains its original bark, colour and every detail of each toolmark. A scatter 
of wood chips and a pointed stake can show the work of minutes at a very human 
level. As a site is sealed below the layers of growing peat so also is the surface of 
the bog environment on which it was built. Peatlands are one of the few stratified 
landscapes available for archaeologists to study. As the peat forms year by year 
and layer by layer, a record of changes to the bog and the surrounding dryland 
accumulates. Through the study of peat development, pollen, beetles and tephra 
(volcanic glass fragments), changes in climate, drainage and land use can be 
traced. Peatlands, therefore, not only give us a vital repository of archaeological 
sites and finds in their own right but also allow us to better understand the less 
well-preserved dryland sites. 

The bogs, the people, the sites 

The work of the IAWU and other organisations has uncovered large numbers of 
often dramatic sites and finds which have added greatly to our understanding of 
wetland and dryland landscapes in the past. In some cases, such as in County 
Offaly, surveys have almost tripled the numbers of known archaeological sites. 
These sites and artefacts can be found in both splendid isolation and dramatic 
density. 

In order to make these discoveries it is necessary for a team of people to 
launch themselves into the vastness of our midland industrial bogs. While 
peatland survey depends on a coordinated and professional programme, its 
success is based on the individual archaeologist with a stout pair of 'wellies' and 
a keen eye. Many thousands of kilometres of bog drains have been walked and 
over 3000 sites are now known. In all likelihood many thousands of others 
remain to be found. Trudging through the all-too-yielding bog, you never know 
whether each footstep will be followed by many more or a stop to examine a 
stunning discovery. While there are abundant statistics for how many of each site 
type have been found, the golden rule is: expect the unexpected and you just 
might find it. 

These sites can be very difficult for non-archaeologists to appreciate, as they 
do not get the opportunity to see them at first hand as they emerge from the 
peat. Within minutes, yellow wood can turn black as it is exposed to the air. 
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Wood must be continually watered to prevent it drying out, producing the 
strange picture of people pouring water into a hole in the bog. This is vital, 
however, as even a prolonged tea break can reduce perfectly preserved wood to 
desiccated fragments. 

Archaeologists today rarely find many new archaeological sites, certainly not 
in the numbers remaining to be identified in peatlands. It is not unknown for a 
survey team to find over a hundred new sites in a day of bog-walking. The record 
of archaeological sites and artefacts for most areas is usually built up piece by 
piece over years of patient surveys, excavations and documentary research. 
Peatland surveys, by contrast, have the ability to rapidly fill areas of the landscape 
with archaeological sites. These can either augment the existing record by 
providing complementary site distributions with dryland sites or, perhaps more 
excitingly, highlight new areas with few previously known sites (Fig. 18). To date 
over 3000 sites have been identified in Irish midland bogs, and over double this 
number can be expected by the time the first surveys are completed. 

Typically our survey team comprises twelve people, the IAWU staff and eight 
fieldworkers. Many of these are fresh from university exam halls, and finding 
themselves just days later in the middle of a bog can be something of a culture 
shock. Equipped with a handful of bamboos, a shovel and a backpack containing 
everything from sandwiches to sample bags, the team walks each bog in parallel 
runs about 30m apart. Each discovery is marked with a bamboo, and sometimes 
you stop suddenly on seeing a line of bamboos running across the bog and realise 
that you are standing on the line of a prehistoric trackway. On other occasions 
you see a sea of bamboos and realise that we are not the first people to spend a 
lot of time in this bog. At the end of each run the results are reported, with each 
bamboo inserted representing a potential new national monument or artefact. 
After finding the sites comes the more detailed recording stage, when we examine 
the sites and see the details of their construction. Even standing in a water-filled 
drain people never lose the excitement of working hands-on with such well
preserved remains. 

When sites are found, an unofficial lottery starts as to what age they are. 
Unlike sites on dryland, most peatland sites cannot be dated by their general 
form. Instead, we rely upon indicators such as peat levels, toolmarks and, in 
some cases, associated artefacts. This is then followed by a more scientific 
approach whereby samples from selected sites are submitted for radiocarbon or 
dendrochronological dating. This latter method, which is based on oak tree 
rings, can be remarkably accurate, sometimes telling not only the year but also 
the season in which a tree was felled anytime up to 8000 years ago. 

Sites dating from the earliest Irish human occupation in the Mesolithic period 
are relatively rare, and most of the midland examples come from lakeshores and 
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other wetland areas. With the advent of farming in the Neolithic period the 
number of sites increased somewhat but was still quite small. It was in the Bronze 
Age that sites started to be built in greater numbers across Irish bogs. T he 
numbers declined markedly again in the Iron Age, but in the early centuries of 
the Christian era, around AD 600, the number of sites increased dramatically 
again. Peadands continue to play an important role in today's landscape, with 
vast tracts used for fuel and being reclaimed for agriculture. 

To highlight the quality and diversity of the archaeological record in our 
midland bogs a number of recent, less typical discoveries are presented below. 

Corralanna Mesolithic site 

Thankfully, the tradition whereby members of the public report chance 
discoveries in bogland continues. A keen eye and a firm lmowledge of the past 
are to be thanked for a great number of finds throughout the country (generally, 
the full scope of such knowledge is masked by a gracious modesty and is never 
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expressed). In April 2000, the IAWU was made aware of just such a discovery by 
Mr Michael Rainsford, a retired teacher, who had found two stone axes and a 
number of other stone tools in a bog in Corralanna townland, Co. Westmeath. 
What he had identified proved to be a large assemblage of material from the late 
Mesolithic period, when Ireland was first inhabited. Undoubtedly a discovery of both 
regional and national importance, yet none of this was apparent before the site visit. 

The discovery was made between Lough Kinale and Lough Derravaragh. This 
is an area of Bord na Mona industrial peatland north of the Coole-Lismacaffry 
road and west of the River lnny. The margins of the bog are leased to a private 
operator who-sells the turf locally. On one of his trips to buy turf, Mr Rainsford 
noticed two stone axes, pieces of worked stone, hazelnut shells and fragments of 
burnt wood strewn over a field surface and compacted into turf sods. The 
material was thought to have originated from below the waterline of a drain 
separating the peat face from the spreading surface, so its original location was 
not readily visible. 

When Mr Rainsford, who had actually studied archaeology in college, started 
to describe this over the phone it caused a wave of excitement to run through the 
office. His first communication conjured tantalising images of what might have 
been found and what might yet await detection. As for the date and scale of the 
discovery, this also triggered excited speculation. Known sites in the area offered 
parallels and suggested a very early date. In the late 1960s, drainage lowered the 
level of the River lnny and adjacent lakes, exposing late Mesolithic finds in 
counties Cavan, Longford and Westmeath. A number of stray finds were 
identified at Lough Sheelin, Lough Kinale, Derragh Lough, Lough Derravaragh 
and Lough Iron, while undisturbed deposits were excavated at Lough 
Derravaragh (Fig. 19). Mr Rainsford also reported that the quantity of stone in 
the harvested turf makes it difficult to burn and noted that burnt wood and 
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its immediate 
environment. 
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hazelnut shells had been recorded in the area for years. Taking everything 
together, we had ample reason to anticipate much from the site visit. 

Before visiting the bog the IAWU, accompanied by Professor Gabriel Cooney 
and Aidan O'Sullivan of University College Dublin, travelled to Mr Rainsford's 
home to view the material he had collected. We weren't disappointed. Mr 
Rainsford led the way to his garage, where he produced a cardboard box 
containing a stone axe, 82 pieces of worked chert (a type of stone with properties 
similar to flint), fragments of charred wood, and four sods with chert and 
hazelnut shells compressed within them (Pl. 25). It was difficult to restrain 
enthusiasm or speed as we followed Mr Rainsford's car to the bog. On entering 
the field large quantities of disturbed material were immediately apparent. 
Worked chert, quartzite hammer-stones, miscellaneous stones, charred wood 
and hazelnut shells were everywhere to be seen (Pl. 26). A number of sods 
stacked along the field edge were also found to contain similar material. Even for 
experienced archaeologists there was still a definite thrill in seeing quality 
artefacts in such abundance. The conclusion that we were dealing with a site of 
considerable significance was now inescapable. 

In reality, any surviving remains of the site could not be seen as the drain was 
filled with water, but this did not quash our enthusiasm. Unfortunately, we can 
only speculate as to the function of the site. The current evidence suggests that 
it was a late Mesolithic industrial site, specialising in the acquisition and working 
of chert, accommodating seasonal or perhaps long-term occupation. The local 
environment would have provided ample opportunities to gather food and raw 
materials and could have supported a range of activities. Given the quantity of 
artefacts in the area, it is highly likely that future investigations will identify 
traces of the original site. There is real potential for locating well-preserved 
organic remains, palaeoenvironmental evidence and possibly even habitations. 
The true significance of this discovery may be greater than is currently apparent. 
In the absence of archaeological surveys specifically designed to locate such sites 
we will continue to rely on an interested public to report these important, chance 
discoveries in the future. 

Bowls, butter, and other finds 

Aside from the discovery of hundreds of sites such as wooden trackways, the 
exceptional level of preservation in peatland areas means that many types of finds 
common to bogs are rare on dryland sites. Over the years the IAWU have 
discovered a large number of exciting finds and artefacts. Objects such as leather 
shoes, wooden vessels and bog butters have all lent an extraordinary dimension 
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Pl. 25-Material collected by Mr Rainsford (photo: Aidan O'Sullivan). 

Pl. 26-Approximate location of the Corralanna site. The photograph shows (ftom left) 
Michael Stanley, Michael O'Neill, Professor Gabriel Cooney and Michael Rainsford 

{photo: Aidan O'Sullivan). 
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Pl. 27-Four leather shoes discovered in various bogs by the IAWU 
(photo: David Jennings). 

Pl. 28-The beautifully turned ash bowl discovered in Corhill Bog in 1996 
(photo: David Jennings). 
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to the day-to-day work of archaeologists on the bog. Occasionally truly 
outstanding finds, like the hoard of silver coins discovered in 1996, have given 
all those involved the unique thrill of discovery. 

Some of the most common finds in bogs are leather shoes, which generally 
date from the medieval period or later (Pl. 27). In Corhill Bog in 1996, amongst 
the disturbed remains of a small wooden track, a well-preserved leather shoe was 
found. Quite literally a case of someone losing their shoe in a puddle. The shoe 
was found close to the fragmentary remains of an exquisite turned and decorated 
wooden bowl made of ash (Pl. 28). In all, seven fragments of the bowl had been 
stacked on top of each other, presumably broken in antiquity and consequently 
thrown down during the building of the site. 

While the IAWU have discovered a number of fine wooden vessels and bog 
butters in Bord na Mona bogs, similar finds have also been brought to our 
attention by both the staff of Bord na Mona and by private individuals. The 
practice of burying butter in bogs, apparently to preserve and protect it, has been 
carried out certainly since the Iron Age, with over 200 examples known from 
Ireland. In summer 2000 a beautiful example of bog butter in a wooden vessel 
was found by Bord na Mona employees, Eddie Dunne and Jim Kilmurray, in 
Clonad Bog, Co. Offaly (Pl. 29). The vessel, which was in superb condition, was 
carved from a single piece of wood with integral handles with rod-holes and a 
separate base and lid. It was cylindrical in shape and contained butter covered by 
an organic membrane, possibly the lining of a pig or sheep stomach. 
Comparisons with other vessels and bog butters suggest that this object was 
buried during the Iron Age, meaning that for the last 2000 years it had been 
secreted in Clonad Bog awaiting its chance discovery. 

One of the most thrilling discoveries ever made by the IAWU was that of a 
collection of silver coins, found disturbed on a field surface in Corhill Bog, Co. 
Offaly, in 1996 (Pl. 30). On discovery fourteen coins were apparent, which alone 
were the cause of much excitement; however, further investigation with the aid 
of licensed metal-detectorist Mr Denis Lynch increased the total number of coins 
to twenty, making this one of our most unusual and exciting finds. Very few coin 
finds had previously been recorded in Irish bogs and this discovery added a new 
aspect to the history of the area. The coins date from the reign of Edward I 
(1279-1301), and while nineteen came from London, one was minted in 
County Waterford and can be dated to between 1281 and 1282 (Pl. 4). 
Interestingly the Annals of Clonmacnoise record a number of Anglo-Norman 
campaigns in the area during this time and, while we can only speculate, it is 
possible that these coins were lost during one of these conflicts. 
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Pl. 29-Bog butter in a wooden container. The butter was found in Clonad Bog, Co. 
Offely, by Bord na Mona employees Eddie Dunne and Jimmy Ki!murray in 2000 

(photo: IAWU). 

PL. 30-Fourteen of the twenty silver coins found in CorhiLL Bog in 1996, with inset 
showing the one minted in County Waterford. The coins date ftom the reign of Edward 

I (1279-1301) (photo: David Jennings). 
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The discovety of the Toar Iron Age vessel 

In the summer of 2000 during field-walking of Toar Bog, Co. Westmeath, a 
spectacular discovery was made by Dr Gill Plunkett and John Powderly in one 
of the drain faces (Fig. 18; Pl. 31). Unlike most of the brushwood and 
roundwood sites we encountered in this bog, it first appeared as a large carved 
object with slightly concave surfaces dressed with fine toolmarks. The industrial 
cutting of the drain had damaged part of a squared projection on the outer 
surface. It was clear from their examination that more of this object extended 
back into the drain face. At first it was thought to be a small vessel of the kind 
that might have been found on any prehistoric dinner table, or at best a wooden 
cauldron. We had to be patient, however, until the field-walking was completed 
and a proper strategy was devised before we could begin work on the find. 

Imagine our surprise when we finally came to excavate and realised that the 
vessel extended back over 1 m from the drain edge and was over 60cm in depth! 
Once the top of the vessel was completely exposed it was seen to be even more 
spectacular than we had first thought (Pl. 32). It was rectilinear in shape with a 
curved base and sides, and at one of the ends there was a beautifully carved, 
perforated wooden block handle, extending below the rim. The piece we had 
first seen was all that remained of the handle and rim at the other end. In all our 
years spent working in Irish bogs, rarely had we seen anything as beautifully 
preserved as this. Almost the entire surface of the vessel was dressed with very 
fine toolmarks that would have cracked if allowed to dry out, and all of this fine 
detail would have been lost. The sun and the wind were equally dangerous. To 
help reduce the drying out we had to keep most of the wood under protective 
cover and only expose the area we were working on. 

The vessel was made from a single piece of alder tree trunk that, at over 56 
years of age, was an unusually mature specimen. Part of one side of the vessel had 
been displaced and had collapsed inwards. There was a thin, carved, wooden 
repair panel in place over a crack that had developed during the use of the vessel. 
With one on the outer surface and one on the inner surface, these repair panels 
were secured with slight wooden ties stitched through six perforations in the side 
of the vessel. Overlying the damaged side were the remains of a wonderfully 
preserved wooden withe (a piece of twisted hazel rope). There were three lengths 
of withe in all, one below the base of the vessel extending up the sides and one 
through the handle at either end. Although these withes appear very fragile, they 
would have been very strong and pliable when first made and would have been 
perfectly suited to moving the vessel. The vessel was secured in an upright 
position by three stakes placed along each of the intact sides, one of which was a 
trimmed forked branch. This originally hooked over the rim. Each of the stakes 
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Pl. 31-(above) The 
wooden vessel as found in 
the drain face, with a 
proud John Powderly 
watching over it (photo: 
JAWU). 

Pl. 32-(left) Fully 
exposed, the top and 
collapsed side of the Toar 
Iron Age vessel with the 
associated stakes and 
withe (photo: JAWU). 
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was over 2m in length and a portion of one of these, sent for dating, returned an 
Iron Age date around 75 BC. The only materials found within the vessel were 
three small pieces of cut brushwood, additional fragments of withe and some 
very small stone chips and silt in the base. 

It is the piecing together and recording of the vessel as it was found that helps 
us to determine more about how and why it was made and placed in the bog. 
After we removed it, we examined the body of the vessel and noticed that a 
second and earlier repair had been made during its construction. Close to the 
intact handle a very fine split had developed from the centre of the tree, and four 
very small wooden wedges were driven in across the split to prevent it developing 
further. Examination of the woodworking indicated that at least six tools were 
used, including five possible axes/adzes and at least one gouge. 

The vessel may have been used for a variety of functions, which could have 
changed after it had been damaged. There was some scorching on the sides that 
occurred before it was deposited, as the withes around the vessel were unburned. 
Four similar vessels are known from Northern Ireland, all of which were 
recovered from peatland environments, and it is believed that these were small 
lake-navigable crafts, or slipes, used for transporting materials and towed behind 
larger boats. From the fine woodworking and its form it seems more likely that 
this was a large domestic vessel which may have been used for salting, curing, 
cooking, tanning or dyeing. Most of the Iron Age wooden vessels from Ireland 
are small, flat linear troughs, carved tubs or stave-built containers, making this 
vessel quite unique in an Iron Age context. As work on this find continues, more 
details are revealed and new questions are posed. 

And finally ... 

Our awareness of past act1v1ty in the bogs of Ireland has been substantially 
increased through the systematic work of professional archaeologists and the 
chance finds made by Bord na Mona workers and members of the public. All 
have made significant contributions. The number and sheer scale of recent 
peatland discoveries have been both exhilarating and overwhelming. Much work 
lies ahead as archaeologists struggle to bring some understanding to these 
enigmatic landscapes before they disappear. Each new discovery, large or small, 
adds something to the picture. Inevitably, the discoverer's tale often goes untold. 
It can be all too easy to forget the human element unless given an opportunity 
such as this. The work of the IAWU is low-tech and labour-intensive. To detect 
bogland sites means operating at the same human scale as those responsible for 
constructing the sites and depositing the artefacts. As a result, the labour and 
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skill of a large number of people are imperative . We dedicate this article to all 

those who have contributed to the IAWU's work over the last twelve years of 
discovery. 
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  F O R E W O R D

In 1997, the Heritage Council set up a millennium project, the Pilgrim Paths 

Project, which involved the establishment of walking routes along authenticated 

medieval pilgrimage routes, including the pilgrim way to Clonmacnoise. Two 

starting points were proposed for the walking route, Lemanaghan and Boher. 

As part of the initial stages (1999), the vulnerability of the heritage along the route 

was assessed by a team led by Mary Tubridy. One of the main recommendations 

was that the sites at Lemanaghan were too fragile to withstand the number of 

visitors that might be expected.  

Freda Rountree, the first chairperson of the Heritage Council, urged us to work 

with the local community, local authorities and Dúchas (now the Department of 

the Environment, Heritage and Local Government) to find an imaginative solution 

to the situation at Lemanaghan. 

The Heritage Council had been working with a number of groups on Conservation 

Plans as a way to manage complex heritage sites. The aim of such a plan is 

to find the best way to preserve a site for the future, with the agreement of 

all involved. The process is dependent on the cooperation of all those with an 

interest in the site, in particular the local community, land owners, State heritage 

agencies, and local authorities.

Following discussions with the local community at Lemanaghan and Offaly 

County Council, it was agreed that a Conservation Plan be carried out for all 

the sites in Lemanaghan: St Managhan's church and associated monuments, 

St Mella’s Cell (known locally as Kell), the Holy Well and Tree, the togher, the 

schoolhouse. This would be done in partnership with Offaly County Council and  

the local community.

Margaret Quinlan Architects was commissioned by the Heritage Council and 

Offaly County Council to carry out the plan in May 2001; the plan was finalised 

in November of that year. The success of this plan owes much to their team in 

researching the site, and discussing the findings with a range of people — from 

land owners, Garda Siochána, Dúchas (now the Department of the Environment, 

Heritage and Local Government), and the National Museum of Ireland. 

This plan was a starting point, setting out the framework for work needed, and 

this has been demonstrated by the works carried out on the sites since 2001. 

These include five years of conservation works on St Managhan’s Church and on 

St Mella’s Cell/Kell. The efforts of Offaly County Council in accessing funding to 

allow these works to take place must be acknowledged.

The Heritage Council would like to thank the members of the local community 

who took part in the project steering group, and the representatives of Offaly 

County Council whose dedication to this project has ensured its success. 

The development and agreement of this plan demonstrates the ability of 

local communities to work with local authorities, State agencies and State 

departments in planning for the future of our heritage. We hope the continuing 

implementation of this Conservation Plan will see the sustained cooperation of 

all involved. 

Dr  Tom O’Dwyer          Michael Starrett 

Chairperson          Chief Executive
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  E X E C U T I V E  S U M M A R Y

The Conservation Plan for Lemanaghan, County Offaly, provides a framework 

for the conservation of the historic place. It has gathered and summarised 

a body of knowledge leading to an understanding of the significance of the 

complex. It sets out principles and formulates appropriate policies to protect 

that significance.

The Plan has established that Lemanaghan is:

• A sacred place of great antiquity

• A place containing buildings of architectural significance

• A place rich in documentary history and archaeological potential

• A place where there is a long tradition of devotional practice

•  A place 'apart', possessing a strong sense of being untouched by the  

modern world

The Lemanaghan Conservation Plan recommends actions to maintain the layers 

of significance embodied in the place, within the context of the delicate physical 

state of buildings and archaeology, and the strong local traditions of continued 

devotion.

Policies are set out for the care and management of the historic place within its 

setting. These may be summarised as follows:

• Clarify ownerships and responsibilities.

•  Protect the surviving monuments and provide guidance on their 

conservation.

•  Foster greater understanding and awareness of the significance of the 

historic place.

•  Ensure that other initiatives relating to historic Lemanaghan are compatible 

with the preservation of its significance.

•  Provide a framework for decision-making on future developments to 

infrastructure and land use.

•  The Plan, as presented in the following pages, was completed in 2001. 

Since then, a number of the recommendations and policies have been 

implemented. These are summarised in the End Notes of the report.
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1   B A C K G R O U N D

1.1  D E S C R I P T I O N  O F  T H E  H I S T O R I C  S I T E

The historic complex at Lemanaghan, with its focus at the early monastic site 

dedicated to St Managhan, is located at the crossroads between the main 

Ferbane-to-Ballycumber road, and the Lemanaghan-to-Pollagh road. Close by 

are a holy well and tree. Linked to these by a medieval trackway or togher is 

a further Early Christian site known locally as ‘Kell’, or St Mella’s Cell. (St Mella 

is said to be the mother of St Managhan.) These monuments occupy an upland 

area in Lemanaghan Bog which is bordered to the south by the callows of the 

River Brosna. Surrounding them is an exceptional number of archaeological find 

sites, many relating to a complex infrastructure of trackways or toghers  which 

were built and repaired over several centuries. Dating evidence suggests that the 

greatest concentration of track construction coincides with the foundation of the 

monastery, indicating the importance of the site in the context of the monastic 

infrastructure of County Offaly, particularly Lemanaghan’s links with Clonmacnoise 

and other monasteries along the River Shannon and its tributaries.

Figure 1: Map showing the location of Lemanaghan  [Courtesy Ordinance Survey]



Plate 1: Approach to the Lemanaghan Complex [Project Team May 2001 – January 2002]

1.2  W H Y  T H E  P L A N  W A S  C O M M I S S I O N E D

In 1995, a report was commissioned by St Managhan’s Rural Development 

Association to develop the tourism potential of the site, principally by converting 

Lemanaghan schoolhouse into an interpretative facility. Four years later, the 

Heritage Council commissioned an Environmental Impact Study (EIS) to be carried 

out along the proposed route of the Pilgrim Path from Ballycumber/Lemanaghan 

to Clonmacnoise. The findings of the EIS suggested: prior to publicising the 

route, the poor condition of the standing structures should be addressed; and 

the impact on the delicate archaeology of the bog linking St Mella’s Cell to the 

road should be further investigated. In the light of these reports, the Heritage 

Council and Offaly County Council commissioned a Conservation Plan for the 

historic complex. This was accomplished in partnership with other stakeholders, 

including the local community and Dúchas The Heritage Service. 

1.3  T H E  S T E E R I N G  G R O U P

The Steering Group was formed of representatives from these major 

stakeholders.

Beatrice Kelly, Chair    The Heritage Council

Amanda Pedlow    Offaly County Council

Seamus Corcoran    Lemanaghan Rural Development Association

Gerry Doolin    Pilgrim Paths steering committee

Representative    Dúchas The Heritage Service
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1.4  T H E  P R O J E C T  T E A M

The consultants appointed to prepare the Conservation Plan were Margaret 

Quinlan Architects. In recognition of the broad range of issues relating to the 

site, the full Project Team assembled by the consultants is as follows:

Margaret Quinlan  Architect, project leader

Dr Rachel Moss   Architectural Historian, project manager 

Prof. Loughlin Kealy  Architect

Dr John Feehan  Ecologist

Dr Elizabeth Fitzpatrick  Archaeologist

Ellen O’Carroll  Archaeologist  

Aidan Smith  Structural Consultant

1.5  A I M S  A N D  O B J E C T I V E S  

This Conservation Plan will assist the stakeholders to do the following: 

• Prepare management proposals. 

• Plan a programme of conservation. 

• Plan new developments. 

•  Manage a programme of regular maintenance for the site and its setting.  

•  Provide a framework for supporting action by others and build on 

the existing statutory protection as set out in Section 1.6.  

The overall aim of all the policies and conservation actions embodied in 

the Plan is the retention of the cultural significance of Lemanaghan and the 

provision of security and maintenance in the future.

1.6  S T A T U T O R Y  P R O T E C T I O N ¹

The existing statutory framework for the protection of the architectural heritage 

is provided by the following:

• National Monuments Acts, 1930-2004, and as subsequently amended

•  Record of Monuments and Places established under Section 12 of the 

National Monuments (Amendment) Act 1994 

• Register of Historic Monuments

• Local Government (Planning and Development) Act, 2000 - 2002

¹ This section refers to 2001. Statutory protection for the monuments has since been updated. 
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• Heritage Act, 1995

•  The Architectural Heritage (National Inventory) and Historic Monuments 

(Miscellaneous Provisions) Act, 1999

Existing statutory protection extended to the monuments, site and setting is as 

follows:

•  Sites listed on the Record of Monuments and Places and on the Register of 

Historic Monuments are afforded notification protection under the National 

Monuments Acts. At present, no structure in Lemanaghan is protected by a 

Preservation Order.

•  No structures in the immediate vicinity of Lemanaghan were listed for 

preservation or ‘considered for preservation’ in the 1996 Offaly County 

Council Development Plan.  

•  Looking to the future, when the National Inventory of Architectural Heritage 

is compiled for County Offaly, additions to the Record of Protected Structures 

may be made.²  

In commissioning this Conservation Plan, the Heritage Council and Offaly County 

Council have indicated, in principle, their continuing support for the safeguarding 

of the Lemanaghan complex

² This was completed in 2004.
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2 .  M E T H O D O L O G Y

2.1  G U I D I N G  P R I N C I P L E S

The preparation of this Conservation Plan has been guided by the definitions 

and principles of the ICOMOS Charter for the Conservation of Places of Cultural 

Significance (Burra Charter), 1988 amendment. 

Article 5 of the Burra Charter states that conservation of a place should take 

into consideration all aspects of its cultural significance without unwarranted 

emphasis on any one aspect at the expense of others.  

Definitions provided by the Charter have been adopted for the purposes of this 

Conservation Plan.

Conservation is defined as all of the processes of looking after a place in order 

to retain its cultural significance. The term includes maintenance and may, 

according to circumstance, include preservation, restoration, reconstruction and 

adaptation. It will commonly be a combination of two or more of these. 

Cultural significance is defined as the aesthetic, historic, scientific or social value 

for past, present or future generations. 

Place is defined as a site, area, building or other work, group of buildings or 

other works, together with associated contents and surrounds. 

The full text of the Burra Charter is included in the Appendix K and is available, 

by arrangement, from the Heritage Council.

2.2  R E S E A R C H  A N D  A N A L Y S I S

The holistic approach to understanding the historic place was achieved through 

the research and analysis of the different aspects that define or affect its 

cultural significance. In the case of Lemanaghan, these were understood as the 

documentary history of the site, the archaeology, the art/architectural history, the 

devotional and folkloric aspects of the place, and the ecology in terms of flora, 

fauna and geology.

Research and analysis were carried out through deskwork and fieldwork. A wide 

range of historical documents was consulted to establish the history and folklore 

of the place. Interviews with local people informed a further understanding of 

the extent to which folklore and the devotional use of the site continue to 

thrive. 

Survey work was carried out on the standing fabric of St Managhan’s Church 

and St Mella’s Cell. Detailed examination and analysis of the fabric enabled 

the verification of the evolution of the structures, phases of development and 

condition. The removal of heavy vegetation during the preparation of the plan 

revealed much of the surviving masonry for the first time in many years. Field 

walking was undertaken in order to clarify both the ecological and archaeological 

development of the site.  
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2.3  C O N S U L T A T I O N  

The consultation process took place at two principal levels: through the 

Steering Group and the local community. The members of the Steering Group 

represent most of the major stakeholders and have contributed their views 

to the consultants at various stages. Consultation occurred separately with 

other stakeholders, including owners of monuments or lands giving access to 

monuments, as well as Bord na Móna and the National Museum of Ireland. 

Consultation with the local community has been ongoing. Information explaining 

the principles of the Conservation Plan was circulated in the local area and 

submissions were invited.  

At a public meeting, the process of the Conservation Plan was explained 

and the issues outlined by the consultants. A discussion followed on various 

issues affecting the site that might influence the policies to be decided. There 

was a broad consensus on the basic principles of protection of the site and  

its setting.

2.4  P L A C E N A M E S

A number of different names and spellings are in current use for the places 

referred to in this Plan. The spelling of Lemanaghan itself, and of places within 

Lemanaghan, has been based on the Ordnance Survey. This is in recognition 

of the OS as the source of standardised Irish placename spellings and of the 

readership of this Plan beyond local level. However, the importance of spelling 

and placenames in current local usage is recognised and is dealt with in Sections 

3.9 and 5.7.
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3 .  U N D E R S TA N D I N G  T H E  P L A C E

The accounts provided in this section are summaries of fuller information 

provided in the Appendices which may be examined by arrangement with the 

Heritage Council.

3.1  S H O R T  H I S T O R I C A L  B A C K G R O U N D

Archaeological remains in Lemanaghan Bog date back over 5,500 years. It is 

not until the 7th century AD, however, that the history of the area began to 

be documented. In AD 645, land at Tuaim na nErc was given to the monks at 

Clonmacnoise by Diarmuid, son of Aedh Slaine, as a reward for their prayers for 

victory in a battle against Guaire, king of Connaught. There the monks founded 

a cell, known as Leith.

The death of Abbot Managhan, probably the first abbot of the monastery, is 

recorded in AD 664-5. The deaths of several more abbots are recorded up to the 

beginning of the 13th century, suggesting that Lemanaghan was a monastery 

of some standing during that period, possibly due to its connections with 

Clonmacnoise. The close links with Clonmacnoise appear to be confirmed by a 

reference (AD 1039) to the ‘prey[ing] and spoil[ing]’ of Lemanaghan by ‘those of 

Imaine’ (Meath) in revenge for a fray that had arisen between the Meath men and 

the men from Delvin McCoughlan (the area roughly corresponding to the modern 

barony of Garrycastle) on St Ciaran’s Day at Clonmacnoise the year before. The 

evidence of artefacts, buildings and archaeology associated with the site during 

this time suggests further links to Clonmacnoise.

  Figure  2: 1687 map of King’s County by Petty & Lambe



The last reference to the site as a monastery comes in 1205 when the death of the 

coarb, (a type of administrator), Gillebrenyn O’ Bichollye, is recorded. Although 

the exact date of its conversion to parish church status (within the diocese of 

Clonmacnoise) is unknown, it had certainly taken place by 1302-6 when the 

papal taxation records record no return from the vicarage of Lemanaghan which 

had been ‘laid to waste by the ravages of war’.

Throughout the 14th century, the fortunes of the vicarage do not appear to have 

improved, although repairs to the trackways around the site of this date, as well 

as a find of coins from the period beside one of the trackways, suggest that it 

still occupied a relatively prominent place within the infrastructure of the area.  

By the 15th century, its fortunes were in further decline. In 1410, the perpetual 

vicarage had been vacant for so long that it was granted to the prior of St Mary 

Gallen. In 1489, the vicarage had been unlawfully seized by Philip O Buachalla 

and then in 1508, it was granted to Maurice Macohclayn, a canon of the church 

of Clonmacnoise. Close ties with the Augustinians at Gallen appear to have 

continued. In 1531, Murtough, son of Conor Mac Coughlan, Prior of Gallen and 

Vicar of Liath-Manachain, was ‘treacherously slain’ by Turlogh Oge O’Melaghin.

The earliest known map of the area, drawn up for a survey of the barony of 

Garrycastle which was carried out in 1620, no longer exists. Thus we have no 

way of knowing where the principal secular settlement was during this period. 

The castle, only demolished in 1959, was certainly in place by this time, as it 

is described by de Renzi in 1620 and mentioned in the Foreword to the English 

translation of the Annals of Clonmacnoise as the place where the translation was 

carried out in 1627. The poll tax survey, carried out in 1659, records a population 

of only 26 people in the parish of Lemanaghan, all of them Irish.

St Managhan’s Church at Lemanaghan continued in use probably until the 1641 

rebellion. It is mentioned in the Martyrology of Donegal, compiled in 1630, 

because of the shrine kept on its altar, thereby implying that at the very least 

it still had a roof. However, by 1682-5, the church was recorded as being in a 

ruinous condition, with church services being held in a nearby house.

Archaeological evidence in the form of a large number of timber platforms built 

in the surrounding bogs suggests widespread activity in the Lemanaghan area 

between the 15th and 17th centuries.

 
   Plate 2: Wooden platforms in Derrynagun Bog. Radiocarbon dated by UCD from AD 1411 – 1654
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3.2   SH O R T  DE S C R I P T I O N  O F  T H E  HI S T O R I C  PL A C E

Lemanaghan is situated on the R436 between Ballycumber and Ferbane at 

the junction of the road to Pollagh. It consists of a two-room, 19th-century 

schoolhouse, now redundant, and a cluster of relatively small dwellings, the 

largest of which, Lemanaghan House, is to the south-west of the monastic site. 

Settlement on the upland area is concentrated in a number of small clusters. 

The first is in the vicinity of the old castle and schoolhouse, and along the road 

in the direction of Ferbane. Comparison between first edition Ordnance Survey 

(1837) and more recent OS maps reveals that the density of building in this area 

has decreased over the past 160 years. Two clachan-type settlements close to 

the southern ‘shore’ of the upland are denoted as Srah and Camwerth on the 

OS maps, although Camwerth has always been known locally as ‘Convert’. These 

settlements have apparently changed little in terms of building density since the 

publication of the first edition OS. More isolated settlements also occur along 

the road to the south-east of St Mella’s Cell and on the hillock to the north of 

the cell known locally as ‘Townagh’. There is now no trace of settlement on the 

latter site. Lewis records the population of the village of Lemanaghan as 290 

in 1837. A marked decrease in the population of the townland took place over 

the ten years between 1841 and 1851 when census returns record populations 

of 597 and 367 respectively.

The Ballycumber-Ferbane road appears to be the oldest still in use in the area 

and is marked on the earliest map of the area drawn up for the Commissioners 

of the Bogs in 1811. It is difficult to establish when this road was constructed. It 

does not appear to have been in place in the 17th century, when de Renzi wrote 

in relation to Lemanaghan Castle that ‘many wicked members are harboured 

there about and are transported there over the river Brosnagh’, implying that 

during this period it was the river, not the road, which was the main means of 

transport to the site. Smaller roads serving the settlement around the castle 

and at Srah and Camwerth are marked on the first edition OS (1837) and 

were presumably in existence as long as the settlements. Other roads around 

Lemanaghan are more recent. Both the road from Lemanaghan to Healy’s in 

Ballycumber and the Pollagh-Lemanaghan road were only built in the 20th 

century, the latter constructed in 1928. 

The slow development of the infrastructure of metalled roads in the area may be 

attributable to the recommendations of Thomas Townsend in 1811 who advised 

against the construction of roads across the bogs because they would obstruct 

and interfere with the principal drains.  

The Clara-Banagher railway line also passes through the townland. It opened in 

1884 and closed in 1963.



         

                           Figure 3: Site Map
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  T H E  S C H O O L H O U S E

Lemanaghan schoolhouse was built in the late 19th century and consisted of 

two rooms with fireplaces. An extension was added to the rear of the building 

in the late 1950s, at the same time as dry toilets were built at the rear of the 

building. The school was closed in 1972 and left unused for approximately 20 

years, during which time it fell into disrepair. In the early 1990s, the school was 

restored by St Managhan’s Restoration and Development Association with the 

ultimate aim of using the building as a visitor centre. Works carried out at this 

time included replacement of rafters and slates, installation of new floorboards, 

installation of a new timber-sheeted ceiling, and the replastering of walls. Since 

this time, the building has remained vacant and is used occasionally for special 

events in the locality such as the Pattern Day on 24 January. 

Plate 3: The Schoolhouse

T H E  R I V E R  B R O S N A  A N D  I T S  C A L L O W S

As intimated by de Renzi, the River Brosna would have played an important role 

in the infrastructure of the Lemanaghan area, forming a well-drained passage 

through the extensive surrounding bogland. It linked Lemanaghan with a number 

of adjacent ecclesiastical sites including Gallen Priory, Kilreaghan, Wheery and 

Tisaran, and ultimately to the Shannon. On the Geological Survey map of c. 

1840, the flood line and callows of the Brosna are shown as extending quite 

close to the line of the southern ‘shore’ of the ‘island’. This situation would 

have continued until the 1940s when the river was drained to reclaim land for 

agricultural purposes.
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             Figure 4: Geological Survey Map, c.1840. The Lemanaghan complex is

           marked in red. The ‘island’ is marked in green. The floodline is marked in blue.

L E M A N A G H A N  B O G S

The Lemanaghan Bogs are located to the north of the River Brosna, surrounding 

Lemanaghan ‘island’ on its three northern sides. The group of bogs comprises 

Lemanaghan Bog, Corhill Bog, Tumbeagh Bog, Kilnagarnagh Bog, Killaghintober 

Bog, Castletown Bog and Derrynagun Bog, with one further island known as  

Broder’s island or Derrevan. 

An 1811 description of the bog made for the Commissioners for the Bogs records 

that it then covered an area of 2,961 Irish or 4,797 English acres (1992 hectares), 

with the surface of the bog from 43 to 86 feet (13.1 – 26.2m) above the River 

Shannon, and with the borings from 15 to 32 feet (8.57 – 9.664m) deep.  
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Figure 5: Detail from maps drawn up for the Commissioners for the Bogs, 1811

Bord na Móna acquired Lemanaghan Bog in 1949, attracting a number of new 

families to the area (pers. comm. Seamus Corcoran). Following a number of 

developmental stages, the bog began to be utilised for the production of sod 

peat as fuel. A German bagger machine which removed the top 2m (6'8")  of sod 

was used. Between 1959 and 1980, the Lemanaghan works produced 378,000 

tonnes of sod peat. In 1980, most of the peat had been extracted and the 

Lemanaghan sod works was closed and amalgamated with the Boora Works. 

The remaining peat is harvested as milled peat for conversion into electricity at 

Ferbane Power Station.  

Since 1993, Bord na Móna, in consultation with Dúchas, has funded a programme 

of survey and excavation in the bog. It is as a result of this programme that the 

extent of the trackway network around Lemanaghan island has come to light 

(see Appendix E).
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Plates 4 and 5: A general view of a trackway across the bog, with a close-up view following 

excavation [Courtesy Ellen O’Carroll]

In 1994, faced with the pending closure of Ferbane Power Station, Lemanaghan 

and Boora were linked to Shannonbridge by rail. The milled peat will eventually 

fuel the proposed Shannonbridge ESB Power Station which was scheduled for 

completion by 2004.3 

T H E  M O N A S T I C  C O M P L E X

The monastic complex comprises two principal sites. The first is enclosed 

by a modern graveyard wall and contains St Managhan’s Church and house. 

The second is marked by a rectangular medieval enclosure containing (above 

ground) a single oratory, St Mella’s Cell. The two sites are linked by a medieval 

togher. In addition to these two elements are a holy well and tree, two bullauns4,  

a collection of early Christian grave slabs and carved stones (now housed in 

the schoolhouse), and a number of more remote associated archaeological sites 

and artefacts.  

 

    

Plates 6, 7 and 8: Drawings of stone slabs at Lemanaghan by Henry Crawford (1911)

3  Shannonbridge Power Station started production on 30 June 2005
4  A bullaun is a stone with one or more circular depressions
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Plates 9 and 10: Two views of the monastic complex [Project Team May 2001 – January 2002]

S T  M A N A G H A N ’ S  C H U R C H

As it now stands, the church is rectangular, measuring 19.4m x 7.5m. (63’6” x 

24’6”) It is roofless, and by 2001 had a vigorous ivy growth on all walls. This was 

cleared during the summer of 2001. The fabric consists mainly of roughly coursed 

limestone and sandstone, with dressed limestone details. There are some traces 

of render on the internal walls.

West Gable 

This survives only to a height of 4.5m. (14’9”). It is pierced at the centre by 

a late 12th-century doorway that survives to only two courses in height. The 

doorway has squat bulbous bases with leaf spurs and three-quarter engaged 

shafts. All are of finely tooled limestone. Some further sections of the doorway 

are lying close by in the north-west angle of the church and in the schoolhouse. 

The angle quoins of this gable were apparently also dressed but some robbing 

of stone has occurred. 

Plate 11: The West end of St Managhan’s Church [Project Team May 2001 – January 2002]
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North Wall

The north wall is completely devoid of opes. The only features of note are two 

clear vertical breaks in the fabric referred to below.

Plate 12: The North Wall [Project Team May 2001 – January 2002]

East Gable

This is built up on a prominent sloping plinth with fine dressed angle quoins. 

The gable is centrally pierced by a two-light ogee-headed window with squared 

hood mould, probably dating to the late 15th or early 16th century. There is a 

large breach in the wall directly above the east window. Internally, there is a 

small rectangular ambry to the south of the window.

 

Plates 13 and 14:  The East Gable and East Window [Project Team May 2001 – January 2002]
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South Wall

The south wall is pierced by three windows in its eastern end.  From east to 

west, the first is a single light with a cusped trefoil head. The central window 

was originally a twin light with cusped trefoil heads. The west jamb survives to 

springer height and the east jamb to three-quarters of its original height. On the 

west side there is a hood stop with an elaborate vine and rosette motif. The 

corresponding eastern stop is carved with an amphisbaena5 and a man; it is 

stored in the schoolhouse. A section of cusped trefoil with foliate ornamentation 

and a section of mullion, both probably from this window, are also stored in the 

schoolhouse. The third window is a tall round-headed ope, probably dating to the 

late 12th century. Internally, the south wall has a niche with a two-centred arch 

with a piscina. An ambry is situated immediately below the twin light window.

   

Plates  15 and 16: The South Wall — close up and as seen from the graveyard [Project Team May 

2001 – January 2002]

A large breach in the wall closer to the west end marks the position usually 

occupied by a door in later medieval parish churches. It is likely that a 15th/16th-

century doorway has been robbed from this position.

St Managhan’s ‘House’

To the north-west of the church are the remains of a rectangular building which 

measures 6.8m x 8.4m. (22’4” x 27’6”) Only the south-west angle of the building 

is upstanding, although the wall footings are still visible. The masonry is similar 

to the east end of the church, suggesting a 15th/early 16th-century date for 

the building. Sections of dressed stonework similar to those found in nearby 

Lemanaghan Castle were removed from the structure some years ago (pers. 

comm. S. Corcoran). The proportions and apparent date of this structure suggest 

that it may have functioned as a priest’s residence similar to (although smaller 

than) St Brendan’s house at Kilmalkedar, County Kerry. 

5 An amphisbaena is a twin-headed mythical beast.
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The Graveyard Enclosure

A relatively modern wall surrounds the graveyard. Although the date of this is 

uncertain, it is marked in its present form on the first edition OS map (1837). 

There is a coffin shelf on the western perimeter of the wall, gates opening onto 

the Pollagh road, and a track which leads to the well and togher.

  Plate 17: The togher as it leads from the St Managhan’s site to the Holy Well and St Mella’s Cell

One early medieval stone which has been reused as a grave marker remains in 

the graveyard.  It is decorated with a sophisticated fret and spiral pattern similar 

to forms found on 10th-century high crosses (see Appendix G). Apart from this, 

the majority of grave markers date to the 19th and 20th centuries. The ground 

in the graveyard falls quite steeply to the east of the church.

   

 

Plates 18 and 19: The early medieval spiral-pattern stone
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The Togher 

The togher is located to the south-east of the church and now appears to link 

the church and oratory. It is 368m (402 yards) in length with an average width 

of 4m (13’). Its surface is composed of outcropping limestone and sandstone 

flagstones. The word togher is generally used to describe a causeway. At most, 

however, this land would have been marshy, so it is perhaps not a togher in 

the usual sense. There are several large sandstone blocks in the vicinity of the 

togher that were probably pushed into the edges of the fields in which they 

originally stood. Until the 1980s, there were two large upright stones about mid-

way along the togher. These were allegedly dislodged during drainage works and 

are now in the ditch beside the togher.

St Mella’s Cell (Kell) and Enclosure

The enclosure is rectangular, measuring  41.7m x 30.7m (136’9” x 100’6”) and 

delineated by an earthen bank faced with large slabs of limestone to a maximum 

thickness of 1.6m (5’3”). It is orientated east-north-east. The vegetation and 

condition of the enclosure wall make it difficult to ascertain the original location 

of the entrance. The first edition OS, which denotes the building and enclosure 

as ‘the abbey’, shows the togher meeting the enclosure wall to the west, while 

later editions show it twisting around the enclosure to just beyond the south-

west corner. With the possible exception of a section in the north-east corner, 

it appears that the enclosure wall was never rebuilt and may be contemporary 

with the cell. There is no trace of the foundations of other buildings or of burial 

within the enclosure.

Plate 20: The wooded area around St Mella’s Cell [Project Team May 2001 – January 2002]

The ‘Kell’, ‘Kyle’ or ‘St Mella’s Cell’ is single-cell oratory, the only unaltered early 

Christian oratory in County Offaly. It is rectangular and measures 5.5m x 3.1m 

internally. The walls are 0.8m thick and are constructed from large blocks of 

mortared masonry, randomly coursed. The doorway, located in the west/north-

west end of the building, is square-headed and inclined. The lintel and one of 
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the jambstones pass through the thickness of the wall. There is evidence of an 

iron door fixing in the north jamb of the ope. The east gable has fallen, and 

there is some indication of minor repair works. There is no indication remaining 

of the original form of the east window, and there are no windows in the side 

walls of the building. The oratory is orientated east/north-east.

Plate 21: The doorway of St Mella’s Cell [Project Team May 2001 – January 2002]

St Managhan’s Well

The holy well lies to the north of the togher. When it was renovated during the 

1930s, four grave slabs in upright positions were revealed, set out in a cruciform 

pattern.

   

Plates 22 and 23: The Holy Well. Left: Note bullaun stone in the foreground [Project Team]
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Bullauns

Two bullauns of local sandstone are associated with the site. One is located at 

the junction between the Clara-Ferbane road and the Lemanaghan-Pollagh road; 

the other is located at the entrance to the holy well.

Cross Slabs

There are 12 cross slabs from the site (described in greater detail in the Appendix 

G).  Most are quite crudely carved and therefore difficult to date. However, they 

are probably early Christian, dating from the 8th to the 10th centuries. The 

majority are now stored in the nearby schoolhouse, and two are affixed to the 

wall of St Managhan’s Church.

   

Plates 24 and 25: Drawings of two slabs from an article by Henry Crawford (1911)

L E M A N A G H A N  C A S T L E

The castle was demolished in 1959. Only the south-west angle survives, with 

5.8m (19 feet) lengths of west wall and 4.3m of south wall, both standing to 

a height of 2.5m (8.2 feet). The surviving wall portions are 0.96m thick and 

show evidence of a slight base batter. One-half of a two-centred punch-dressed 

doorway of late medieval date was recorded in the Dúchas Offaly Archaeological 

Survey as lying on the ground to the south. Attempts to locate this in 1999 and 

2001 failed. A Sheela-na-Gig, recorded by Cooke in 1875 but now lost, is thought 

to have belonged to the castle

                                 

Plate 26: Lemanaghan Castle  

[The Dúchas Collection]
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3.3  A R T E F A C T S  A S S O C I A T E D  W I T H  T H E  S I T E

A number of significant artefacts is related to the site but are now remote  

from it. 

•  St Managhan’s Shrine — a 12th-century gilt bronze, enamel and yew wood 

reliquary casket, now on display in the Roman Catholic parish church  

at Boher.

Plate 27: St Managhan’s Shrine [Courtesy National Museum of Ireland]

The following artefacts are in the National Museum of Ireland, Dublin: 

•  The Lemanaghan Crozier — an 11th-century crozier of gilt bronze and wood 

discovered in two parts in Lemanaghan Bog. 

•  The Wooden Staff — a blackthorn staff discovered stuck upright in 

Lemanaghan Bog adjacent to a medieval trackway. 

•  Polished stone axe-head — discovered in Corhill Bog to the north-west of 

Lemanaghan Island. 

•  Stone axe-head — polished stone axe-head, discovered in Straduff townland 

in 1996.

•  Flint scraper — Neolithic flint scraper, found during excavation by the IAWU 

a little to the west of the find place of the stone axe-head.

•  Spearhead — discovered in Leabeg townland during commercial turf-cutting 

operations.  The blade is oval. The socket, now misshapen, is of circular 

cross-section and extended to the tip of the weapon, forming a very 

pronounced midrib on both faces of the blade.

•  Shoes — One well-made leather shoe and fragments of another were 

recovered from Curraghalassa Bog.  One is post-medieval and the other 

medieval.



•  Wooden Finds — Wooden finds from Curraghalassa Bog include the lid and 

base of a stave-built wooden vessel, probably Late Iron Age, and a number 

of perforated and dowelled shafts. Parts of an ash-wood turned bowl were 

found associated with one of the shoes.

•  A hoard of silver coins, the only find of coins in an Irish bog, was discovered 

in Curraghalassa Bog. There are 20 coins in all, dating to the reign of 

King Edward 1 (1279-1301). Nineteen were minted in London and one in 

Waterford.

These artefacts are described in greater detail in Appendix G.

  
   

  
   
    Plates 28 and 29: Above: Polished stone axe-head found in Corhill Bog; Below: a shoe found on the 

site dating from the medieval period

3.4  T H E  E V O L U T I O N  O F  T H E  S I T E

In the early Christian period, Lemanaghan occupied a fertile island of mineral 

land surrounded by bog on all sides. The island nature of Lemanaghan is less 

apparent today, however. In the centuries since the monastery was established, 

an aureole of land around the mineral island was drained and reclaimed. By 

reclaiming the bog fringes (edges) in the north-west, north-east and south-

west quadrants, as well as the fen and callows on the banks of the Brosna 

to the south-east, new clachan-type (cluster of small farmsteads/homesteads) 

settlements grew up in places such as Srah and Camwerth. These developments 

were greatly facilitated, not only by the cutting of the Grand Canal in the 18th 

century, but also by the removal of Turraun Bog to the south-east of the canal. 

They may, however, reflect earlier settlement patterns, as excavations at Lisheen 

in County Tipperary have exposed areas of relatively dense occupation on the 

fringes of the bogs (Appendix E1).

32



33

The relationship between the two monastic sites and the way in which they 

evolved in relation to one another is far from clear. TL Cooke, a local 19th-century 

historian, asserted that the St Mella’s Cell site represented the original hermetic 

site, known as ‘Kyle’, and that the St Managhan’s site was relatively ‘modern’. 

Parallels for this type of settlement pattern can be found at other early Irish 

monastic sites such as Glendalough, where the original monastery, located close 

to the hermitage of St Kevin, moved to a larger site nearby as the population 

of the monastery expanded.

Plate 30: An 1874 drawing of the doorway into St Mella's Cell

Certainly, there is little visible evidence of development of the St Mella’s Cell site 

after the period of its construction, which may date to anything from the 10th 

to the 12th centuries.  As there are no historical documentary references that 

distinguish this site specifically from the other, one can only surmise that probably 

by the 13th century, the church had all but fallen out of use. The site would not 

have been fully abandoned, however, as it lay on the routeway from Derrynagun 

Bog which was still in use to the 14th century when it underwent repairs. 

The development of the principal ‘St Managhan’s’ site is a little easier to trace. As 

stated above, the earliest remains from the site are probably the cross-inscribed 

grave slabs.  Several of these are comparable to forms found at Clonmacnoise, 

usually dated to the 8th-10th centuries. Although moveable, the find context for 

most of these was the St Managhan’s site. At the time when some of them were 

carved, there may have been wooden church buildings on the site. 

The central portion of the church represents the earliest surviving building on 

the site. This is constructed from large rectangular blocks with bevelled edges, 

evenly coursed. It was roughly 9m (30 feet) in length; its original width was 7.5m 

(25 feet). This proportion of 1 : 1.2 suggests a church of 10th or 11th-century 

construction.  
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The next phase of building revealed following the removal of ivy from the fabric  

of the church comprises the westward extension of the church by about 3.4m 

(11 feet). This includes a fine western Romanesque doorway, and the insertion 

of a round-headed Romanesque window slightly to the east of an earlier ope 

in the south wall of the nave. The fabric of this extension comprises a mixture 

of roughly coursed, relatively sizeable blocks of limestone and sandstone. 

Stylistically, the detailing of the door and window place this phase at the end of 

the 12th century. This coincides quite closely with the period during which the 

building may have became a parish rather than a monastic church. The need 

to extend westwards may have arisen from the need to accommodate a greater 

volume of lay parishioners.

Figure 6: Phases of development of the church [Margaret Quinlan Architects]

The final phase of building in the church was the extension to the east by 5.5m 

(18 feet). This is constructed from smaller roughly coursed rubble limestone, 

with finely dressed quoins and a distinctive battered plinth at the east end, 2m 

(6.5 feet) in height. The quality of the windows incorporated during this time is 

good, suggesting that whoever patronised the extension had some wealth at his 

or her disposal. Documentary references to the vicarage at Lemanaghan during 

the 15th century suggest that, if anything, the vicarage was in decline during 

this period. In the early 16th century, the parish was temporarily unified with 

Clonmacnoise for the lifetime of Maurice Macohclayn who also held the cure of 

Clonmacnoise. While impossible to confirm with any certainty, the alterations 

may be attributable to him.
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3.5   G E O L O G I C A L  S E T T I N G

The geological situation of Lemanaghan is within a faulted syncline of muddy 

limestone of Lower Carboniferous age; the syncline is surrounded by Waulsortian 

mudbank (‘reef’) limestone, and further to the east by a pure fine limestone 

(one of the Irish ‘grey marbles’).  Large drift blocks of sandstone also abound 

in the area, especially in the wooded area, known locally as ‘The Rocks’, about 

2km (1.25 miles) to the north-east of the monastic settlement. These come from 

the Basal Sandstone unit of the Lower Carboniferous which is encountered in 

boreholes rather than in outcrop in the Ferbane area.

Stonework

Most of the stone used in the buildings at Lemanaghan is of local drift origin; 

numerous very large blocks of limestone are characteristic of the local hummocky 

drift. The sandstone seems to be of more directly local provenance; drift-derived 

boulders of sandstone are generally less rounded but some of the material may 

derive from sub-outcrop in the wood to the north-east of the site.  

All except the most recent tombstones in the graveyard are limestone, sourced 

by local headstone makers outside the immediate area. The early carved slab 

in the graveyard is sandstone, as are the few stones that seem to have been 

footstones. The cut limestone in the windows and elsewhere in the church is not 

of immediately local origin. 

3.6  E C O L O G Y

Hedgerows

There is very little out of the ordinary in the ecological heritage of the immediate 

site. The hedges by the toghar at the side of the St Managhan's site and 

along the Lemanaghan/Pollagh road are of little interest, being predominantly 

blackthorn and bramble, with a little elder and birch. The herbaceous vegetation 

is mainly weedy species: cleavers, creeping buttercup, couch grass, dandelion, 

white clover, perennial rye grass, broad-leaved plantin, ribwort plantin, nettle, 

common bent, red fescue, ivy, butterbur, creeping thistle and broad-leaved 

dock.

Grassland

There are two grassland communities in the graveyard: one of improved 

grassland in the graveyard proper, and a semi-natural grassland at the lower end 

dominated by false oat-grass.

The species in the hedge along the togher include sycamore, blackthorn, 

whitethorn, elder and privet, with a flora similar to that around the graveyard.

The ditch along the side of the togher has the usual common species for this 

type of habitat: wild iris, fool’s water parsley, water horsetail etc. The most 

interesting plants are the few specimens of bay willow to the side of the togher 

just where it heads across the field.

A noteworthy feature of St Mella’s Cell is the abundance of hemlock, a  

poisonous plant that has been widely used in herbal medicine. However, 

there is nothing to suggest that its presence here has anything to do with the 

archaeological context.
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Trees

There is an attractive Scots pine in the graveyard, and a poor coppiced ash 

nearby. The fringe of beech outside the graveyard wall (with a few younger ash 

at the lower end) is attractive, if somewhat out of scale.

There are a number of large Scots pine in the St Mella’s Cell enclosure. The large 

grey poplar beside St Mella’s Cell is an attractive feature, although it threatens 

the integrity of the structure. The enclosure wall has some very old hawthorns 

in poor condition, with some elder and a little grey poplar. The holy tree at the 

well is an aged ash.

3.7  F O L K L O R E

A particularly vibrant folklore continues to be preserved in the locality. Much of 

this relates to features in the landscape, both man-made and natural, which still 

survive today.

The Holy Well

Folklore relating to the well suggests that it was formed when St Managhan 

struck a rock. Another version says that it was blessed by him. Tradition states 

that nearly every ailment is cured at the well, but particularly neuralgia, cancer 

and warts. The folklore suggests that the person to be cured must apply water to 

the affected part and walk three times around the well. According to the Schools 

Manuscripts6, toothache is cured by going to St Managhan’s well, praying, and 

putting some of the water on the tooth. Warts are cured in the same manner, 

but only on Fridays. The same source also records the use of water from the 

well for drinking and cooking. Gifts are still brought to the well, and it is a focal 

point on 24 January, Pattern Day. 

Plate 31: The Holy Well and tree from the Mangan Collection

The Holy Tree

Near the well is a misshapen ash tree with a hollow trunk. The Schools 

Manuscripts record that people removed parts of the tree and put them in 

their houses. The lower branches continue to be festooned with rags and other 

devotional offerings. 

6 The Schools Manuscripts is a collection of schoolchildren’s accounts of their areas dating from the 1930s and held in the UCD 

Folklore Department.
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 Plate 32: The Holy Tree [Project Team May 2001 – January 2002]

St Managhan’s Church

Another story relates that it was necessary to visit the well on three consecutive 

Fridays at three o’clock. Each Friday, water should be taken from the well and put 

into the font (the piscina) of the ruined church. The penitent must bless himself 

and say a Pater and three Aves to St Managhan. On the third visit, he must 

come through the window in the end of the ruin and, by believing in the saint, 

he will be cured. In return, the penitent must leave something like a button, pin 

or penny (Catholic Yearbook for Ballynahowen Parish, 1939).

Plate 33: Votive offerings are left at the font or piscina [Project Team May 2001 – January 2002]
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St Managhan’s Cow

The most famous story about St Managhan involves his cow, the milk from which 

was never to be sold but given away. Because the cow was so prolific, she was 

stolen by jealous farmers in Kilnamanaghan. As she objected to being taken from 

Lemanaghan, she marked her route by leaving the tracks of her hooves and tail 

on the stones. The saint followed the trail, but by the time he found her, she 

had been killed and was being cooked. Such were the powers of St Managhan 

that he brought the cow back to life by picking the pieces out of the pot and 

putting them back together again. Even though she lived to a ripe old age, the 

cow suffered a lame step because she had lost part of her thigh bone during 

her ordeal. In the 19th century, tradition claimed that a draught of milk was to 

be given free to wayfarers by the farmer’s wife as milk was not be sold there. 

The tradition of not producing milk for sale within the townland continues to 

the present day.

St Managhan and St Ciaran

Another commonly told story relates to St Managhan and St Ciaran.

‘St Ciaran and St Managhan wanted to decide the boundary line between one 

another’s territories.  It was decided that they would rise early one morning and 

start walking toward one another’s territories, and where they met would mark 

the boundary. On the appointed day, St Managhan arose early. He walked all the 

way to Clonmacnoise where he discovered that St Ciaran had slept in. Being a fair 

man, Managhan gave Ciaran another opportunity to claim his territory and told 

him that he could throw his cap and where it landed would mark the boundary. 

Ciaran threw his cap and as he did so, a great wind got up and carried the cap as 

far as Ballinahowen. On 9 September, there is always a great wind known as “St 

Ciaran’s Wind”.’

St Managhan and his Mother 

St Managhan had taken a vow that he would never look at a women. As a 

consequence, he and his mother (St Mella) had to meet at two upright slabs 

along the togher. In order to converse, they would sit back-to-back on either side 

of the slabs. These stones were dislodged during the 1980s, reputedly falling 

into a modern drain beside the togher.

   

Plates 34 and 35: The enclosure walls around St Mella’s Cell (1874)
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St Managhan’s Burial Place

There is some confusion regarding where St Managhan is buried. The Schools 

Manuscripts tells the following story.

‘On the death of St Managhan, there was a dispute between the people of 

Lemanaghan and Kilnamanaghan as to who had the right to the saint’s remains. 

When the coffin came out of the church for burial, a fight started between the two 

communities. Suddenly an old grey-haired man appeared and told the people to 

put the coffin down and turn their backs to it.  When the people turned around 

again, the old man was gone and there were two coffins, one facing towards 

Lemanaghan and the other towards Kilnamanaghan. To this day, it is not known 

who holds the saint’s true remains.’

According to another school child, St Managhan’s remains are buried under a flat 

inscribed stone that formerly lay to the east side of the church. Local tradition 

states that Managhan is buried under the 16th or 17th-century O’Buachalla grave 

slab at Boher. The O’Buachallas were traditionally the ‘herdsmen’ of Managhan.

St Mella’s Cell (Kell)

Local tradition says that this building is thought to have been the house of 

St Managhan’s mother, St Mella. Another tradition recounts that a witch lived 

there. In the earlier part of the 20th century, there was a story that treasure 

was buried under the threshold of the door. There is no tradition in the local 

folklore of devotional practices or burials taking place around St Mella’s Cell or 

the enclosure.

3.8  S T  M A N A G H A N ’ S  P O E M

A 10th-century poem attributed to St Managhan is important in its description 

of the early Irish concept of the perfect monastery, the imitation of Christ and 

his apostles — the abbot and his twelve brethren. St Managhan is represented 

as setting down the criteria for such a monastery. The poem describes the 

perfect church, ‘sweet with hangings’, which accommodates six men standing on 

each side of the central aisle — it is tempting to picture St Mella’s Cell in this 

description, a building just big enough to accommodate a community of this size. 

Fertile soil for plants is also seen as a necessity, with the choice provision being  

‘good fragrant leeks, hens, speckled salmon and bees’ (see Appendix H).

3.9  P L A C E N A M E S

Until AD 645, the area now known as Lemanaghan was called Tuaim na nErc 

(Toymanercke) — the mound of Erc. The use of the word Tuaim is often 

associated with a tumulus or pre-Christian burial mound and can imply usage 

as a place of pre-Christian ritual. Pre-Christian ritual usage is also implied by 

the number of places incorporating this name which later became colonised by 

the early Christian church — as Tuam, County Galway. Pre-Christian worship at 

Lemanaghan may be reflected in the presence of the holy well, typically situated 

at the periphery of the monastery enclosure.
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Annalistic references to the foundation of the monastery ‘in honour of St 

Ciaran’ refer to the name of the place both as Leith and Liavanchan. Given 

that Managhan did not die until c. AD 665, presumably the place was initially 

named Leith or ‘grey place’, with the Managhan suffix, making ‘the grey place of 

Managhan’, being added at a later time. The use of the term Leith implies that 

the naturally occurring limestone of the island may have been more visible in 

the 7th century than it is now.

Figure 7: Petty’s Barony map of 1685

Historically, the spelling and form of the name varies hugely, often varying 

within the same source. For example, the Annals of Clonmacnoise, transcribed at 

Lemanaghan, use the forms Liath Manachan, Leyeuanchan, Liavanahan and Leith-

mancan, probably within the space of the same year. Various spellings of the 

name, together with the year in which the spelling was used, are listed below:

Leith (1302-6)   Lyevanaghin (1602)

Lecmankan (1400)   Lemanaghan in Druinn (1620)

Lyachmanachan (1410)  Leith-mancan (1627)

Lyach (1438)   Leyeuanchan (1627)

Liachmanthayn (1489)  Liath-Manchan (1627, 1615)

Leyanantha (1497)   Liavanachan (1627)

Liathmanchayn (1508)  Lamonahan (1911)

Liath-Manchain (1531)  Leamonaghan (current)

Levanaghan (1587, 1687)  Lemanaghan (current)  

Lethmanaghan (1571)  
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Matthew de Renzi, in his description of the McCoughlan castles (1620), refers 

to Lemanaghan Castle twice: once as ‘Leamonaghan Castle in Druinn’, and 

once simply as ‘Druinn’ (in a list of McCoughlan possessions). This is the only 

instance known where the place is referred to as Druinn. It may derive from 

drum, meaning ridge, as at this time the island may still have stood out from 

the lower, flatter bog and the callows around it.

Writing in 1837, Lewis refers to the village of Lemanaghan (as opposed to the 

parish) as also being known as Mealin. Following the destruction of the church 

at Lemanaghan, worship was transferred to a thatched chapel which stood on 

higher ground on the esker road between Boher and the Doon at Mealin or 

Millane (‘brow’, or ‘brow of the hill’).  Although this chapel had been destroyed 

by fire several decades prior to 1837, the two names may have become 

interchangeable as the focus of worship for the area.

Within the island are a number of more localised placenames. The principal 

monastic site located close to Lemanaghan village is known simply as St 

Managhan’s or Lemanaghan. The second site is now known locally as Kell. In 

1853, it is referred to as Kyle and marked on the 1910 OS map as ‘abbey’, with 

later editions denoting it ‘St Mella’s Cell’. Cell and Kell are obvious derivations of 

cill, meaning church. Kyle is usually either a derivation of cill or Choill, meaning 

‘wood’. When derived from cill, it is often a relatively modern application used 

to denote the use of an early Christian site as a burial place for unbaptised 

children, particularly in the south of the country (Joyce, Vol. I, 316).  

The first edition OS map (1837) shows a small area of raised land to the north-

east of the cell site with two structures marked on it. This area is known locally 

as Townagh, meaning ‘the field’.  There are two further settlements to the south 

of the village. Srah, located on the edge of the island, derives its name from An 

tsraith, meaning ‘the riverside meadow’. The other settlement is marked on OS 

maps as ‘Camwerth’, although it is known locally as ‘Convert’. No satisfactory 

source for this name has been found. It was formerly known as  ‘The Crooked 

Cornfield’.
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L E M A N A G H A N  —  E A R L Y  C H R O N O L O G Y

3500BC  Earliest traces of human activity in Lemanaghan Bog. Stone axe head 

found in Corhill Bog (1996).

1500 BC  Trackways built at the northern end of Derrynagun bog, and at Kilnagarnagh 

bog.

900 BC Trackway sites built across Corhill and Lemanaghan bogs.

c.AD 500-700  Dated archaeological sites from Castletown, Derrynagun and Curraghalassa 

bogs indicate considerable human activity around this period.

AD 645  Monastery of Lemanaghan founded at ‘Tuaim na nErc’ by the Abbots of 

Clonmacnoise in ‘honour of God and St Ciaran’.

AD 663/665 Death of St Managhan, first Abbot of Lemanaghan.

717  Death of Managhan, Abbot of Leith.

851  Death of Flann, son of Reachtabhra, abbot of Liath.

767- 893  Recorded deaths of four further abbots of Lemanaghan.

c. 900-1100   Construction of earliest section of St Managhan’s Church and St Mella’s Cell 

and enclosure.

c. 1000-1100 Manufacture of the Lemanaghan crozier.

c. 1100-1200 Manufacture of St Managhan’s shrine.

c.1200 Extension westward of St Managhan’s Church.

1205 Death of Gillebrenyn O’ Bichollye, Abbot of Lemanaghan.

1302-6  The Papal taxation notes that nothing is received from the vicar at Leith  

as ‘the vicarage is devastated by war’. 

c. 1301  A hoard of 20 silver coins, all dating to the reign of King Edward I (1279-

1301) placed in Curraghalassa Bog.

1400  Vicarage of ‘Lecmanikin’ recorded as vacant following the death of Cristinus 

O Buachala. It is valued as not exceeding 8 marks. 

1410  Vicarage of ‘Lyachmanachan’ is granted to the Augustinian prior of St Mary 

Galynne (Gallen).  It is valued at 6 marks.

1411 – 1654 Construction of wooden platforms in Derrynagun Bog.

1426  Vicarage and parish church granted to Mattheo Ochemyghi. It is valued  

at 5 marks. 

1489  Robert Macadagayn is granted the perpetual vicarage of the parish church 

of Liachmanthayn.  He is given permission to remove Philip O Buachalla 

who had claimed the vicarage without any lawful title to it. 

1497  Vicarage and parish church of Lemanaghan granted to Nemeas O 

Dalachayn. It is valued at ‘not exceeding 8 marks’. 
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1508  Maurice Macohclayn, canon of the church of Clonmacnoise, is granted the 

vicarage and parish church of Liathmanchayn.  He holds this jointly with 

the vicarage to the canonry and prebend of the church of  Clonmacnoise.  

The union between the two was dissolved on his death. 

c. 1500-1600  Extension eastwards of St Managhan’s Church.  Construction of ‘St 

Managhan’s house’— probably as a priests’ residence. 

1531  Murtough, the son of Conor Mac Coughlan, Prior of Gallen and vicar of Liath-

Manachain was treacherously slain by Turlough Oge O’Melaghlin and Rory.

1571-1602  Royal pardons granted to Donell McCoughlan, Feardrghe McEdmond and 

Cohergry McCoughlin, husbandmen all from Lemanaghan.

1615  Description of the old church of Lemanaghan as situated in the middle of 

a bog impassable in the time of winter. 

1620  Earliest known survey of the barony of Garrycastle is carried out.  

Description by Matthew de Renzi of Lemanaghan castle.

1627  Annals of Clonmacnoise are translated in the castle by Conell MacGeoghagan 

and dedicated to Terence McCoghlin.

1630  Martyrology of Donegal refers to a great shrine kept on the altar of the 

church of Liath-Manachan in Dealbna-Mhec-Cochlain.

1641  Church at Lemanaghan probably destroyed during the rebellion,  

Lemanaghan castle passes into the hands of the Duke of Buckingham.

1659  The census of Ireland records a population of 26 people in ‘Leaghmanagh’ 

in the barony of Garrycastle, all of them Irish.

1682-5  Visitation of Bishop Dopping — The church at Lemanaghan is recorded  

as being in a ruinous condition, with church services being held in a 

nearby house. 
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4 .  A S S E S S M E N T  O F  S I G N I F I C A N C E

4.1  I N T R O D U C T I O N

The examination of each element of the historic place contributes to a 

perspective of the whole.  The assessment of those elements which single out 

Lemanaghan as a special place have been arrived at through an examination of 

the ways in which these various elements combine.

4.2  S T A T E M E N T  O F  S I G N I F I C A N C E

Lemanaghan is a sacred place of great antiquity.  

The site was an important centre of Christian worship throughout the Middle 

Ages. There is also evidence to suggest that it may have provided a focus for 

pagan ritual before the establishment of the monastery. The place retains a 

sense of peace and tranquillity, and is relatively untouched by modern life. 

The site is of national archaeological significance. 

Lemanaghan is exceptional in the survival of a range of both ecclesiastical and 

secular features, along with sections of associated infrastructure. These enable 

the compilation of a chronology and a narrative of the occupation of the site 

and its setting over c. 1,000 years that is without parallel.  

The setting of Lemanaghan is significant in the context of early Christian 

monasticism.

The monastery at Lemanaghan was founded on an isolated upland area 

surrounded by inhospitable bog, an area which may once have been a centre 

of pagan worship. This follows the pattern of many early Irish monasteries.  

It was founded as a cell of nearby Clonmacnoise, one of the most powerful 

monasteries in early Christian Ireland. Close links between the two monasteries 

throughout their histories are confirmed by archaeological, art historical and 

documentary evidence.

The structures associated with the site are all of architectural 

significance.

St Managhan’s Church incorporates fabric from three of the most important 

phases of church building in the Middle Ages and as such, it documents the 

fortunes of the monastery through this period. The late 15th or 16th-century work 

in the east end is of particularly high quality. St Mella’s Cell is a rare example of 

a pre-Romanesque oratory which does not appear to have undergone any major 

alteration or repair since it was constructed. It is the only unaltered example of 

its type in County Offaly.
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St Mella’s Cell and Enclosure are of national archaeological importance.

The enclosure in which St Mella’s Cell is located is exceptional in its rectangular 

form and method of construction. The choice of a rectangular enclosure, as 

opposed to the more commonplace circular or D-shaped forms, is difficult to 

explain, suggesting that when it was built, the oratory may have served a very 

particular function. The lack of any evidence of modern burial/disturbance of the 

ground within the enclosure and the cell is very unusual in the context of early 

Christian buildings. 

The number and quality of artefacts associated with the site are of 

archaeological and art historical significance.

St Managhan’s shrine, the wooden staff and the metalwork crozier are items 

of national importance. St Managhan’s shrine is unique both in artistic 

accomplishment, and in the fact that it is still associated with the locality for 

which it was made. The number and range of items found in the bogs around 

Lemanaghan provide a rare insight into the material culture of the settlement.

The documented history of Lemanaghan is rich for a site of this type and 

ties in particularly closely with the archaeological evidence.  

This applies to both the earlier and later periods of its history, first as a monastic 

site and later as a parish church. Seventeenth-century documentation of the 

secular occupation of the parish is also quite rich and is included in a number 

of early surveys and census returns. The castle was of significance as being the 

location where the Annals of Clonmacnoise were translated.

The site is significant in its continued use for devotional practices. 

Although the church at Lemanaghan fell out of use in 1641, the holy well, holy 

tree and the piscina in St Managhan’s church all continue to provide a focus for 

worship, as evidenced by an ever-changing array of offerings.

There is a vibrant folklore associated with the place.

Continuity of worship is mirrored in the vibrant folklore which, linked directly 

to the monuments in many instances, has contributed to keeping the history of 

the site very much alive. 
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5 .   D E F I N I N G  T H E  I S S U E S  A N D  
A S S E S S I N G  V U L N E R A B I L I T Y

This section describes the factors that impact on the monuments and surrounding 

area, along with the degree to which the significance of the place is now affected 

by them or may be in the future.

The order in which these issues are treated is not a reflection of their relative 

importance, as each is significant in its own way. To a certain extent, however, 

the order does reflect the sequence in which policies designed to deal with these 

issues will require implementation, as dealt with in Sections 6 and 7.

Factors which have impacted on the significance of the monument in the past, 

or which are likely to affect its significance in the future, are:

• Ownerships and responsibilities

• Vulnerability of surviving monuments

• Appropriate route for the Pilgrim Path

• Proper understanding of the place

• Levels of protection 

• Land use

• Continuation of traditional practices

• Infrastructure

• Potential future conflicts

5.1  O W N E R S H I P S  A N D  R E S P O N S I B I L I T I E S

•  The various elements which make up the area under consideration in this 

Conservation Plan are in a number of different ownerships. St Managhan’s 

Church and graveyard are in the ownership of the local authority. St 

Managhan’s Well, the togher leading from it to St Mella’s Cell, the cell itself 

and the castle are in four different private ownerships. Prior to the promotion 

and development of these different aspects of the site, it is crucial that 

consensus be reached with the owners in terms of public access and the 

integrated long-term management of the different elements.

•  In the early 1990s, St Managhan’s Restoration and Development Association 

took possession of the schoolhouse and carried out various works. Although 

they are the current key holders, title to the building is unclear. Before any 

development of visitor facilities in this location is progressed or permission 

applied for, legal title must be formally established.

•  During the 1990s, the collection of Early Christian slabs and some carved 

stone, currently stored in the schoolhouse, was brought in from the site 

for safekeeping. This was done without the approval of Dúchas (then the 

Office of Public Works) or any other statutory body; the original locations 

of the slabs were not recorded. As ex situ archaeological artefacts, they 
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come under the legal protection of the National Museum of Ireland and, in 

accordance with the National Monuments Acts, should be housed in a ‘Place 

of Designated Safety’, i.e. either the National Museum itself or a county 

museum. The artefacts are now housed in a place and in a manner which is 

not in accordance with legislation. In order to keep the stones associated 

with the site, ownership must be formally established and responsibility for 

their long-term care taken in a manner approved by the National Museum of 

Ireland.

•  There is local evidence that two slabs were removed from the site by a 

private individual during the 1960s. The whereabouts of these artefacts is 

known, and their return to the main collection would be favourable.

5.2  V U L N E R A B I L I T Y  O F  S U R V I V I N G  M O N U M E N T S

•  The condition survey carried out on both St Mella’s Cell and St Managhan’s 

Church revealed that the fabric will continue to deteriorate unless corrected. 

Excessive ivy growth on both structures has led to the dislodgement of 

masonry. In some cases, fabric is held in place only by ivy stems. Old 

photographs reveal that decay has accelerated over the past few decades, 

and much of the fallen masonry around the structures has only recently 

become dislodged.  

•  St Mella’s Cell has also suffered damage caused by livestock and the removal 

of stone. In addition, it is suffering from the threat of adjacent mature trees 

whose condition and proximity to the structure pose a potential danger to 

its integrity. There is evidence of the occasional use of the building as a 

gathering place, with the lighting of campfires and discarded bottles and 

wrappers within the structure.

•  In the case of St Managhan’s Church, there is concern for the future security 

of some of the higher quality carved stone associated with the site.  

•  The two early Christian slabs attached to the wall of St Managhan’s Church 

are at risk of theft and should be made more secure. As these are not in 

their original location, it would be desirable to remove them and store them 

with the rest of the collection of slabs from the site. Similarly, while the 

slabs and other worked stone currently stored in the schoolhouse are safe 

from the threat of casual theft, their long-term storage in this location is 

unsatisfactory and must be regularised. 

•  The potential of increased visitors to the site poses the risk of additional 

wear and tear to the structures, and perhaps to the togher. 

•  Vegetation growth on the togher is strong. While at present this has the 

beneficial effect of discouraging all but the most interested of visitors from 

using it, a method of vegetation control will be required in the longer term.



5.3  APPROPRIATE ROUTE FOR THE PILGRIM PATH

The route for the Pilgrim Path, as proposed in the 1999 report, passes through 

the graveyard of St Managhan’s Church, past the holy well, and up the medieval 

togher to St Mella’s Cell. It then progresses north-west to meet the line of the 

Derrynagun Bog trackway and proceeds on to Boher. The findings of the current 

Conservation Plan suggest that there are a number of significant difficulties with 

the route from Lemanaghan to Boher in its present form. In summary, these 

difficulties are as follows:

•  The fabric of St Mella’s Cell is very fragile. Without consolidation, an increase 

of visitors to the site would be dangerous both to visitors and the building.

•  Sections of the trackway in Derrynagun Bog have been exposed by drainage 

ditches across the bog. While these are of great interest in terms of the 

stratification of the road, providing a tangible link for modern walkers to 

their medieval counterparts, the track is extremely vulnerable in this state 

and highly susceptible to damage.  

•  The structure of the togher which leads from the holy well to St Mella’s Cell is 

unknown. If, as is likely, the togher is of similar construction to the trackway in 

Derrynagun Bog, the surface slabs may lie on vulnerable, preserved timbers.

•  Without a proper survey of the togher, there would be no means of monitoring 

damage or subsidence to the togher caused by an increase in visitors.

•  Large numbers of non-cultural/day-tripper tourists could have a detrimental 

effect on the devotional use of St Managhan’s Church and Well.

•  The number of moveable carved stones stored in St Managhan’s Church 

would be at an increased risk of theft.

The combination of these issues suggests the need to adopt, in the short term 

at least, the proposed, alternative Pilgrim Path route from Lemanaghan to Boher. 

This is shown in Figure 8 and dealt with in Section 6.3 and in Appendix I.

48



49

               

                                             Figure 8: A map of the Pilgrim Path.

     FIGURE 8 NOTE:  The recommended route is on a line which has been agreed in principle with Bord na Móna.  

It is not intended to imply that, in its present state, the surface and terrain are necessarily suitable for visitors.
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5.4  PROPER UNDERSTANDING OF THE PLACE

•  Until now, the importance of Lemanaghan has been recognised only at 

local and specialist levels. Recent archaeological work carried out by the 

Irish Archaeological Wetlands Unit (IAWU) and Archaeological Developments 

Services (ADS) Ltd has revealed an important but delicate archaeology in the 

immediate environs of the site. The number of tracks leading to the island 

across the surrounding bogland highlights the archaeological importance of 

the entire upland area. Knowledge of the evolution of upland settlement, 

both ecclesiastical and secular, is scant. Potentially, all parts of the upland 

area could yield important archaeology; thus care will be required to identify 

potential archaeology in any future developments.

•  Investigation of the fabric of St Managhan’s Church, and more generally 

of the archaeology and documentary history of Lemanaghan, has revealed 

something of the evolution of the historical complex. The relationship 

between St Mella’s Cell and the principal section of the site remains obscure. 

There is need for further investigation, in particular in the vicinity of St 

Mella’s Cell where features may lay hidden below ground.  

•  The area has a diverse flora and fauna from a variety of different habitats, 

comprising bogland, upland, bog and bog fringes, and including some 

natural woodland. Although a survey of the ecology along the route of the 

Pilgrim Path was carried out in 1999, the area would benefit from a more 

far-reaching study.

•  With regard to interpretation, some limited information is available locally 

in the form of road signage and interpretative panels in Boher Church. The 

recent publication on the archaeology of the bog has also done much to 

increase local knowledge and awareness. However, a coherent presentation 

on the site as a whole which encompasses the history, archaeology, 

industrial archaeology and natural history is lacking. 

5.5  L E V E L S  O F  P R O T E C T I O N

•  At present, St Managhan’s Church and graveyard, the togher and St Mella’s 

Cell are recorded in the Record of Monuments and Places. As such they are 

afforded notification protection under the National Monuments Acts.  

•  The upland area of Lemanaghan is one of archaeological potential. At 

present it is afforded protection only through its context as a curtilage for 

the monuments (see Section 5.9).

•  Local pride in the history and archaeology of Lemanaghan is strong. However, 

an increased awareness of the national significance of the site would be of 

benefit in terms of providing further protection. This is particularly true of 

educational projects at school levels which will ensure understanding and 

protection by future generations.
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5.6  L A N D  U S E

•  The landscape setting of Lemanaghan has changed beyond recognition  

from the period when the first monastery was established. Changing 

agricultural practices, the commercial working of the bog, and drainage work 

to the River Brosna are just some of the factors that have had perhaps the 

most profound effect, altering the very island nature of the site. As agricultural 

practices continue to change, and exploitation of the bog is planned for  

at least a further 20 years, the natural setting of Lemanaghan is set to 

evolve further.  

•  Against this background, there is a need for a sensitive approach to landscape 

management and development in the area, in addition to the preservation 

of areas of natural significance which have benefited from a lesser degree of 

intervention. This would include changes to hedgerows, in particular those 

which appear well-established around Srah and Camwerth, and the excavation 

of new drains which might affect the archaeology of the area.

•  Lemanaghan Bog will continue to be worked for at least another 20 years. 

At present, Bord na Móna policy supports sustainable re-use of cutaway 

bog. Recently published guidelines (Cutaway Bog Rehabilitation: Condition 10 

Integrated Pollution Control Licence) outline various options considered for 

bog rehabilitation, including coniferous and hardwood plantation forestry, 

agricultural farmland, or wetland rehabilitation; also listed are primary 

and secondary factors used to identify the appropriate after-use. Primary 

factors that may influence the post-industrial use of the bog will depend 

on physical characteristics such as peat type, peat depth, drainage, sub-

surface contours and subsoil type. Secondary influencing factors will be 

accessibility, adjacent land use, proximity to NHAs and SACs, archaeological 

interest and community imperatives. Currently, it is not possible to forecast 

what after-use might be proposed for Lemanaghan Bog, but it is likely that 

secondary factors may supersede primary ones. It is important that the 

options considered for the post-industrial use of the bog are sympathetic to 

the significance of the site.

•  At present, St Managhan’s Church is shielded from traffic on the R436 

Ballycumber/Ferbane road by a strip of land and a row of beech trees, 

providing a more peaceful aspect to the site than would otherwise be the 

case.  It is important that this, and the clear view of the church from the 

approaches, be maintained.

5.7  C O N T I N U A T I O N  O F  T R A D I T I O N A L  P R A C T I C E S

•  The annual Pattern Day on 24 January is always well attended, and the 

range of coins, rags and other devotional items left both in the piscina 

of St Managhan’s Church and around the well is constantly changing. This 

highlights the manner in which local people still view the site as a holy 

place. Should visitor numbers increase, in particular numbers of day-trippers 

as opposed to cultural/educational visitors, this traditional use of the site 

could be compromised.
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•  The holy tree and holy well may represent the continuity of devotional 

practices at the site extending back to the pre-Christian era. The holy tree, 

an ash, is now old, and although still alive, is in a poor state. 

•  There is a particularly vibrant folklore attached to Lemanaghan. It is 

important that this be kept alive and that its particularly strong relationship 

to the landscape be preserved.

•  A number of local placenames differ from those names recorded on the OS 

map. Examples of these include ‘Kell’, recorded on OS maps as ‘the abbey’, 

and ‘St Mella’s Cell’ and ‘Camwerth’, known locally as ‘Convert’. Should 

publicity around the site increase and utilise OS names, it is likely that the 

local names will die out.

5.8  I N F R A S T R U C T U R E

•  The schoolhouse and St Managhan’s site are situated at a busy crossroads. 

Until recently, there were no advance warning signs. There are no speed 

restrictions. Blind corners at the crossroads, coupled with speeding vehicles, 

pose a risk to both drivers and pedestrians visiting the site. 

•  While space would be available at the rear of the schoolhouse for car-

parking, the promotion of the site for educational purposes will necessitate 

provision for coach set-down and turning points. 

•  At present, the schoolhouse is serviced by neither electricity nor water. Both 

would need to be provided prior to its use as a visitor facility.

•  Large tracts of Lemanaghan Bog, adjacent to the upland area, are currently 

being worked by Bord na Móna, and this will continue to be the case for 

approximately 20 years. There are no established walking routes across 

the bogs, which are potentially hazardous in terms of working machinery, 

deep drainage ditches, and the general instability of the bog surface. In 

the summer months, opening the bogs to the public also poses the threat 

of fire. Without the provision of a designated boardwalk/track, it would be 

unsafe to allow visitors to walk across the bog.

5.9  P O T E N T I A L  F U T U R E  C O N F L I C T S

•  As the significance of the monument becomes more widely known, an 

increase in visitor numbers is to be expected. The essential character of 

the site and its archaeological integrity will be threatened by a substantial 

increase in visitor numbers.

•  Any developments in the immediate vicinity of the site would need to be 

sensitive to the site and its setting.

•  Changes to the infrastructure or development in the locality could have 

adverse environmental effects, ultimately affecting the monuments.

•  The continuing practice of burial both inside and around the church could, if 

not managed in an appropriate manner, adversely affect the substructure.
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6 .  C O N S E RVAT I O N  P O L I C I E S  

Policy Statement: The Overview 

The group of monuments at Lemanaghan within their setting is of national 

significance. The range and extent of survival of the monuments and their 

associated artefacts are practically unequalled in the country. Their history 

represents a microcosm of the rise and fall of many rural Irish settlements, 

embodying the evolution of a probable pagan site to an important Early Christian 

monastery, to a secular parish and on to a modern-day small settlement.

The objective of this Conservation Plan is to recommend actions to maintain the 

layers of significance embodied in the place, the monuments and their setting, 

in the context of the delicate physical state of the buildings and archaeology, 

and the strong local traditions of continued devotion at the site.

Following the original brief, policies are set out for: 

• The structures 

• The provision of a route for the Pilgrim Path from Lemanaghan  

   to Boher 

•  For the provision of visitor facilities at the Schoolhouse, including parking 

and toilet facilities 

As these elements are inextricably linked, they are dealt with in an integrated 

manner below.

Section 5 identifies nine key issues that affect, or have the potential to affect, 

the significance of the site. These are:

• Ownerships and responsibilities

• Vulnerability of surviving monuments

• Appropriate route for the Pilgrim Path

• Proper understanding of the place

• Levels of protection

• Land use

• Continuation of traditional practices

• Infrastructure

• Potential future conflicts

Policies to deal with each of these are presented below. 

The implementation of policies will require the setting up of two groups 

— an initial working group to establish ownerships and responsibilities, and a 

management group to look after the site (see Section 7.2).
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6.1  O W N E R S H I P S  A N D  R E S P O N S I B I L I T I E S

Policy 1: Establish ownerships and clarify responsibilities. 

•  Establish ownerships of and responsibilities for the monuments, the 

adjoining lands which give access, the schoolhouse, and the collection of 

early Christian slabs and carved stone currently stored in the schoolhouse.

• Take St Mella’s Cell into State care and establish a way leave to the site. 

•  Establish proper title to and agree future responsibility for the schoolhouse 

and curtilage.

•  Agree ownership of and responsibility for the collection of medieval stone 

currently in the schoolhouse, and agree a location and form of secure 

storage for the slabs (see 6.2).

6.2  V U L N E R A B I L I T Y  O F  S U R V I V I N G  M O N U M E N T S  

Policy 2:  The owners of St Managhan’s Church, St Mella’s Cell and enclosure, the 

holy well and the togher should ensure that the appropriate expertise is brought 

to bear on all matters impacting on the fabric and usage of the historic place.

Policy 3:  To retain the full authenticity and integrity of the place, the evidence of 

various stages of evolution should maintain in situ.

Policy 4:  Halt the deterioration of the fabric and prevent further deterioration 

by putting a range of conservation measures in place. This would be aimed at 

retaining material integrity and countering adverse conditions brought about by 

the excessive vegetative intrusion on standing structures.

•  Carry out urgent temporary works to structures to prevent rapid deterioration 

(see Section 7.3 and Appendix C). 

•  In consultation with appropriate bodies, establish a methodology for the 

removal of ivy and stabilisation of the masonry at St Managhan’s Church and 

St Mella’s Cell and enclosure.

•  Based on the agreed methodology, a conservation programme for the fabric 

of the church should be implemented by Offaly County Council, the owners 

of the church and graveyard. 

•  As prospective owners or guardians of St Mella’s Cell and enclosure, the 

Department of the Environment, Heritage and Local Government should 

establish a conservation programme. 

•  In conjunction with Dúchas, investigate the possibility of reassembling the 

loose stone at both St Managhan’s Church and St Mella’s Cell. This should 

be based on documentary evidence and by a trial dry assembly.

•  Following agreement on ownership, construct secure housing for the slabs. 

This should offer protection against the natural elements, damage and 

theft, as well as allowing for a visitors’ display which does not require the 

attendance of a caretaker. This storage/display area will be close to, but 

distinct from, the schoolhouse. Depending on decisions of the working 

group, it may be necessary to reserve part of the schoolhouse site and vest 

or lease to the statutory body responsible for the collection of slabs.
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•  On a quinquennial basis, complete and maintain a full record of the fabric of 

St Managhan’s Church, St Mella’s Cell and graveyard. This could form part of 

the Pilgrim Path monitoring regime. 

6.3  A P P R O P R I A T E  R O U T E  F O R  T H E  P I L G R I M  P A T H

Policy 5: Adopt the proposed alternative route for the Pilgrim Path between 

Lemanaghan and Boher. 

This will allow the visitor to experience the historical and natural significance of 

the place in a manner which will minimise detrimental effects to the monuments 

and their surroundings (see Appendix I). This will be managed by the management 

group which will include a representative from the local authority.

•  Make an electronic record of the togher and monitor it on an agreed basis 

to check whether any subsidence is taking place. A test archaeological trench 

could be cut to establish construction and discover whether timbers underlie 

the stone flags.

•  Pending conservation and survey works, discourage access to St Mella’s Cell, 

the togher and the Derrynagun trackway.

6.3  P R O P E R  U N D E R S T A N D I N G  O F  T H E  P L A C E

Policy 6: Put measures in place which improve knowledge and awareness of the 

significance of the place.

Where appropriate, the management group will liaise with the established 

Pilgrim Path steering committee, owners and appropriate statutory bodies, and 

will inter alia be responsible for initiating the following measures. 

•  Develop a design brief for a visitor centre to be housed in the schoolhouse. 

Include a display area for information panels, models etc. (no original 

artefacts to be displayed). Allow space for an audio-visual presentation. The 

exhibition should include information on the buildings, artefacts associated 

with the site, the archaeology of the bog, the industrial archaeology of the 

bog, folklore, and information on the local flora and fauna.

•  Promote the schoolhouse and site as an educational resource for schools 

from its historical, art historical, archaeological, geographical and natural 

perspectives.

•  Produce a ‘Schools Pack’ to complement the exhibition material, and the 

man-made and natural heritage of the area.

•  Produce a publication that deals with all aspects of the area in an accessible 

and coherent manner.

• Erect appropriate signage and information panels.

•  Conduct a geophysical survey. Dig a trial archaeological trench on the togher. 

Conduct a geophysical survey of the area within the St Mella’s Cell enclosure.

•  Conduct a natural history survey of the area, and along any revised sections 

of the Pilgrim Path route. This could be a parish heritage survey based on 

the lines of the proposal for a rural Heritage Survey for County Offaly.
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6.5  L E V E L S  O F  P R O T E C T I O N  

Policy 7: Promote complementary actions by the statutory bodies with 

responsibility for heritage and the community for the protection of the site. 

•  The historic complex at Lemanaghan is already afforded statutory protection 

under the National Monuments Acts, 1930-2004, and the Local Government 

(Planning and Development) Acts, 2000. The Planning Authority, in 

conjunction with Dúchas (Department of the Environment, Heritage and 

Local Government), should establish measures which will raise awareness of 

the existing protections in the local community. In addition, the community 

should be informed of the facilities offered for preparing consultation with 

the Planning Authorities and with Dúchas. The benefits involved in availing 

of this service should be made clear.

•  Dúchas should develop guidelines which will assist developers and property 

owners in avoiding or minimising disturbance to archaeological material.  

•  The owners of the monuments and the management group should promote 

knowledge of the area, as outlined in Section 6.4, in order to strengthen its 

protection.

6.6  L A N D  U S E

Policy 8: Put measures in place to ensure land use that is sensitive to the 

significance of the place.

•  In order to retain the setting of the site, the management group will liaise, 

where appropriate, with local farmers to ensure that current land use 

practices are continued, or that any changes to current usage would not 

negatively affect the setting.

•  The management group will also liaise with Bord na Móna and ensure that 

the continued working of the bog and its use when work ceases are sensitive 

to the significance of the place.

•  Ensure that the piece of land immediately to the north of St Managhan’s 

graveyard continues to act as an effective natural buffer between the road 

and church site, and that the line of beech trees along the boundary wall is 

maintained.

•  Ensure that the view of St Managhan’s Church, from approximately 300m 

(984 feet) on the southern and western approaches, is not obscured by 

large-scale agricultural or commercial development. Small-scale, single-storey 

building on the existing building line will not affect sightlines. It is preferable 

that any boundaries in the vicinity be kept to a height which would not 

obstruct the view of the church.
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6.7  C O N T I N U A T I O N  O F  T R A D I T I O N A L  P R A C T I C E S

Policy 9: Protect the continued devotional use of St Managhan’s Church and well.

•  Publicity for the site should discourage all but devotional/cultural/educational 

visitors from visiting the well. It should emphasise the importance of 

continuity of devotion at Lemanaghan.

•  The management group should ensure a proper understanding of the manner 

in which the well and piscina are used so that offerings are not disturbed.

•  The holy tree should be propagated so that, in the event of damage or 

destruction, a new tree from the same source can replace it.

•  Support the annual Pattern Day (24 January) by ensuring that facilities at the 

schoolhouse are made available to those attending on a regular basis.

•  Support the survival of traditional placenames by including them in signage 

and educational material.

6.8  I N F R A S T R U C T U R E

Policy 10: Establish improvements to the area’s infrastructure which will increase 

visitor safety and facilitate an appropriate increase in visitor numbers.

•  Address the problem of road traffic at Lemanaghan crossroads in consultation 

with Offaly County Council and Gardaí. This could be dealt with by the 

introduction of traffic-calming measures, allowing pedestrian traffic to move 

between the schoolhouse and church site, with cars entering and leaving the 

schoolhouse site without adding to existing hazards.

•  In agreement with Offaly County Council, provide a bus drop-off point at the 

front of the schoolhouse. This could be achieved by rebuilding the low road 

boundary wall closer to the building. Provide turn-around points a short 

distance from the schoolhouse along the R436 Ballycumber/Ferbane road.

•  Install those amenities associated with the visitor facility at the schoolhouse 

to include items mentioned below.

•  Provide a limited number of car-parking spaces (maximum 10) at the rear of 

the schoolhouse.

•  Provide toilet facilities within the 1950s extension, with associated sewage 

treatment at the rear of schoolhouse, in a manner that minimises interference 

with potential archaeology.

• Provide water and electricity to the schoolhouse.

• Obtain planning permission for the above.

•  Discourage visitors from leaving the Pilgrim Path route and walking on the bog.

6.9  P O T E N T I A L  F U T U R E  C O N F L I C T S  

Policy 11: Establish procedures to anticipate and resolve future conflicts. 

•  At regular intervals, the management group should review the various issues 

outlined above which have the potential to affect the significance of the 

place. The various conflicts are listed under appropriate headings and include 

land use, inappropriate development, increased visitor numbers etc.
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7.   I M P L E M E N TAT I O N  A N D  R E V I E W

The successful implementation of the Conservation Plan depends on several 

factors:

•  The major stakeholders should adopt the general and specific policies in  

the Plan.

• Resolve the issues of ownership and responsibility.

•  Establish complementary policies and co-ordinate stakeholders’ implementation 

procedures. 

• Provide adequate resources.

•  Conduct a periodic review of the Conservation Plan and implementation 

measures.

7.1   A D O P T  T H E  C O N S E R V A T I O N  P L A N

The production of a Conservation Plan is only the first stage of the process. 

It is the end result of a process of investigation, analysis and consultation 

among the principal stakeholders, culminating in agreed actions which should 

be taken to conserve the historic place. The principal stakeholders in the case 

of Lemanaghan are Offaly County Council, the Department of the Environment, 

Heritage and Local Government, the Heritage Council, Bord na Móna, other 

landowners, and the local community in which the monuments are situated.

The next step involves the stakeholders’ acceptance of the significance of the 

studies’ findings, followed by the endorsement of the policies developed to 

protect the historic place.

The stakeholders, whose responsibilities towards the monuments vary, must 

then determine those procedures which are required for the implementation of 

the Plan. 

7.2   R E S O L V E  T H E  I S S U E S  O F  O W N E R S H I P   
  A N D  R E S P O N S I B I L I T Y

As co-sponsors of the Conservation Plan, the Heritage Council and Offaly County 

Council should establish a working group, formed by representatives of the 

stakeholders and the National Museum of Ireland, to clarify ownerships and 

responsibilities. The remit of this group should encompass the following:

• Take St Mella’s Cell and enclosure into State care.

•  Establish ownership of the ex situ carved slabs and agree on the manner of 

their protection.

• Establish ownership of the schoolhouse.

•  Agree on responsibility for establishing the visitor centre and the continuing 

maintenance of the schoolhouse.
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• Agree the revised route for the Pilgrim Path with Bord na Móna, other local 

landowners and the Pilgrim Path committee. This forum should also agree 

management procedures for the path.

An early resolution of the issues of ownership and responsibility is a prerequisite 

for any future action. The working group’s terms of reference will be confined 

to resolving those issues which enable the handover of a package of clear and 

well-defined elements to a management group. 

7.3   E S T A B L I S H  C O M P L E M E N T A R Y  P O L I C I E S  
A N D  C O - O R D I N A T E  T H E  S T A K E H O L D E R S ’  
I M P L E M E N T A T I O N  P R O C E D U R E S  

As co-sponsors of the Conservation Plan, the Heritage Council and Offaly 

County Council should initiate a management group, comprised of stakeholders’ 

representatives, to oversee the implementation of the Conservation Plan. This 

group will act as a channel for communication and coordination with regard to 

the implementation of complementary policies and procedures by each of the 

stakeholders.

The group will be responsible for the following: 

• Prepare management proposals 

• Establish a programme of conservation 

• Plan new developments 

• Manage a programme of maintenance and repair

• Provide a framework for supporting action by others

The group will also establish and coordinate the following urgent works in 

consultation with appropriate bodies.

Short term

•  Erect a temporary electric fence to exclude livestock from the immediate area 

of St Mella’s Cell.

•  Assess the condition of trees at St Mella’s Cell. Remove any trees or branches 

which are causing an immediate threat to St Mella’s Cell. 

•  Establish a methodology and initiate the removal of ivy from St Mella’s Cell 

and St Managhan’s Church, along with stabilising the masonry.

•  The slabs currently fixed to the wall of St Managhan’s Church and the worked 

stone currently in the north-west corner should be moved to a place of 

secure storage.

• Propagate the holy tree.
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Medium to longer term

Prepare a management plan which allocates resources to a programme of continuing 

conservation, development works, repair and maintenance in accordance with the 

provisions of the Conservation Plan. These include inter alia: 

•  Establish a conservation programme based on the agreed methodology (see 

Section 6.2).

• Carry out a geophysical survey of St Mella’s Cell enclosure and the togher.

•  Produce a design brief for the schoolhouse/visitor centre project and appoint 

a design team.

• Arrange secure housing for slabs.

•  Obtain statutory permissions and carry out all necessary conservation work.

• Commission a natural history survey of the area. 

•  Arrange the design and production of an exhibition, educational material, 

signage etc.

• Organise a system of light grazing to control vegetation along the togher.

7.4  R E S O U R C E S

The Conservation Plan allows the stakeholders to identify and agree priorities and 

to allocate resources on the basis of these priorities.

The allocation of resources will, to a large degree, be related to a resolution 

of the issues of ownership and responsibility, particularly in relation to St 

Mella’s Cell, the secure store for carved stone, the schoolhouse building and 

the togher. 

Initial work to the buildings should be exploratory. It should first establish 

knowledge of the specific construction and characteristics of the masonry before 

proceeding further.

The first season’s work should be regarded as a pilot project that would address 

all aspects of the problems faced in applying the agreed methodology, after 

which the remaining work may be quantified in a more realistic way.

The most effective and economical approach to the stabilising works is to 

appoint a contractor with experience of working with historic fabric who would 

deploy a small team of two/three operatives on an annual basis for the summer 

months. Depending on the outcome of the pilot stage, the number of phases 

necessary may be estimated.  
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Grant Aid

Grant aid is available for some of the works under the DoELG/NDP/EU for Urban 

and Village Renewal, Regional Operational Programmes, 2000–2006, operated 

by the Department of Environment, Heritage and Local Government. Under 

this scheme, grants are provided for the restoration and conservation of the 

architectural heritage involving buildings, which are in public ownership or 

open to the public generally, and which are considered to be of considerable 

architectural merit. 

Temporary works to St Managhan’s Church to prevent collapse were funded 

under the Urban and Village Renewal, Regional Operational Programme in 2001; 

a further application was made for 2002. This programme continues until 2006 

and application for grant aid phased work may be made each year.

7.5  R E V I E W

The Conservation Plan will be subject to ongoing review by the management 

group until completion of the works to stabilise the fabric. Thereafter, the Plan 

should be reviewed and updated on an annual basis. 
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  E N D  N O T E S  

A Conservation Plan is generally adopted before any action is taken on the 

policies recommended within it. However, in this case, the following necessary 

actions were taken prior to adoption:

•  In order to facilitate survey work on the structures, ivy was cut back and the 

methodology for ivy removal was agreed with Dúchas. 

•  Temporary works were put in place at both gables of St Managhan’s Church 

to prevent collapse. The wall around the east window was supported by 

planks bolted through the ope. At the west end, the surviving part of the 

gable, almost completely freestanding, was supported by scaffolding poles 

tied back to a concrete base.

•  Arising from consultation on issues affecting road safety, the Gardaí visited 

the site, and liaised with Offaly County Council who erected advance warning 

signs on the Ferbane/Ballycumber approaches to Lemanaghan crossroads.

Between adoption of the Plan and its publication, much progress was made 

in implementing recommendations. Repair work to the building fabric was 

carried out under the direction of Margaret Quinlan Architects. Archaeological 

consultancy and monitoring was by Martin Fitzpatrick. The geophysical study 

was carried out by Dr Paul Gibson of NUI Maynooth.

The work carried out between 2002 and the publication of the Conservation Plan 

is summarised below.

  S T  M A N A G H A N ’ S  C H U R C H

Work to the church has been carried out by Offaly County Council over a four-

year period with the assistance of grants from the Urban and Village Renewal 

Measures of the  Regional Operational Programmes, 2000–2006, operated by the 

Department of Environment, Heritage & Local Government.  

2002       

–  Removal of ivy and stabilisation of the masonry. This included removal of 

humus, root systems and other vegetation, and the flaunching of wall tops 

with mortar.

–  Some concrete blockwork was introduced to secure unstable masonry pending 

proper repair.

–  Preparation of rectified photography (the condition of masonry was so poor 

when ivy died back that the record was made in case of a partial collapse).
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R E C T I F I E D  P H O T O G R A P H S  O F  E L E V A T I O N S    [ARC Survey Photographic]

North wall external

North wall internal

East wall external                                                                 Part west wall external showing surviving part of doorway

South wall internal 
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South wall external 

2003

–  Stabilisation of the masonry to east gable.

–  Rebedding displaced stones from base batter. Quoins from south were located and rebedded.

Those on north are of new stone as the originals were not located.

–  Stabilisation at the southwest corner was carried out by rebuilding the core of the wall reinforced 

to provide adequate support to surviving gable. 

–  Repointing to walls generally.

 

       

 

 

East gable with ivy growth                                              East gable following repairs

2004  

–  Trial assembly of west portal. Statutory consents sought for reassembly. 

–  Repointing to north and south nave walls. 

–  Repairs to windows, including the rebedding of the carved hood stops at central window  

in south wall. 

 

       

 

 

  Carved hood stops (James Fraher) 
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2005/6  

–  Assembly of Romanesque doorway. Removal of all temporary blockwork and 

completion of stabilisation at west end.   

–  Semi-permanent reversible propping at breach in south wall (work in 

progress).

–  Removal of ivy, stabilisation and soft capping to north-west corner (work in 

progress).

   

 
 
  West gable before and after repair

   

  Ivy root system removed from Northwest corner      NW corner following removal of ivy

  S T  M E L L A ’ S  C E L L  ( K E L L )

Work was carried out to Kell under the auspices of Offaly County Council, with 

the consent of the owner and with the aid of grants from the Heritage Council 

and Bord Fáilte.

2003

–  The site was fenced against livestock. 

–  A gate installed at the boundary between the defined togher and the field 

before the enclosure to Kell.

–  The tree overhanging the building was taken down. 
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2006

–  Removal of ivy and stabilisation of masonry to south and west walls .  

–  Resetting of stones in doorway and introduction of some new stone, date-

marked 2006. 

–  Stabilisation and soft capping to north and east walls (work in progress).

   

  Doorway before and after repair

  T O G H E R ,  K E L L  E N C L O S U R E  A N D  G R A V E Y A R D

Heavy vegetation was cleared from the togher and Kell enclosure by the local 

community, with the assistance from the local FÁS programme who continue to 

keep growth under control and to maintain the graveyard.

   

   

  Togher heading towards church                        Togher heading towards Kell [James Fraher]
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  F U R T H E R  I N V E S T I G A T I O N

In 2004, a geophysical study of the area was undertaken by Dr Paul Gibson. 

The probable outline of the Early Christian enclosure was established with clear 

delineation in two sections. A clear profile of the form of the togher emerged, 

outlining the concealed layers of foundations. It appears that the togher was 

built later than the enclosure as it cuts across it. No evidence of burial was found 

in the enclosure at Kell

  
  
  
   

  
  
  
  

  Aerial view of church site showing probable outline of enclosure to north-east and south-west.  
  ( Dr Paul Gibson)

  Profiles of Togher ( Dr Paul Gibson)
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  C A R V E D  S T O N E

In the course of the works, some worked stones were uncovered including a small 

fragment with a cross in relief; a large boulder with a dressed face bearing a 

carved geometric pattern, also in relief; and a large stone with an incised cross.

Repointing.
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THE IRISH 
ARCHAEOLOGICAL 

WETLAND UNIT 
outline some of 

their recent results from 
the survey of the 

Lemanaghan Bogs, 
Co. Offaly. 

THERE IS A WIDE variety of archaeological 
sites recorded from raised bogs in Ireland. 

There are trackways (toghers), usually made of 

brushwood, roundwoods or planks-built to 

cross the wet bogs or to infill particularly wet 

areas. These can vary considerably in size and 

date, from delicate Early Bronze Age hurdles to 

roughly constructed roundwood tracks of all 

ages. There are also other site types, such as 

stake and post rows and possible platforms, 
which are less easily interpreted. Sites can also 

be constructed of redeposited boulder clay, 

gravel, stone flags or sand, or any combination 

of the above. 

The earliest archaeological evidence for 

settlement in County Offaly is from the 
Mesolithic site (c. 7000 BC) discovered in a 

bog at Lough Boora, 10km south of 

Lemanaghan. From that time until relatively 

recently, people living in or crossing this 

county would have had a very different view of 

the landscape than we do today after centuries 

of drainage and reclamation. The bogs would 

have been part of their everyday lives, and at 

different times would have represented a 

barrier, a resource or a sacred place. Settlement 

sites like Clonfinlough in Blackwater Bog (c. 
900 BC) show that people occasionally lived in 
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| B Poland H Wetland Bord na Mona 
Boundary_km_ 

Left: Location map of Lemanaghan. 

Right: Excavation of a 0.8km-long seventh- to thirteenth-century AD road Derrynagun Bog leading to St Manchan's Church. 

Above: A lid and base 

from a stave-built 

wooden vessel 

recovered from the 

lower levels (artefact 

photo: David 

Jennings). 

Left: Part of a complex 
of sites in 

Curraghalassa Bog 

dating from the Late 

Iron Age to the post 
medieval period. 

bogs. The many hundreds of recently identified 

archaeological sites tell us that people also 

frequently crossed the bogs. This is not 

surprising in a county where one third of the 

land surface is covered by bog. 

The Lemanaghan Bogs 
The Lemanaghan Bogs are situated 5km from 

the town of Ferbane on the road to Clara in Co. 

Offaly. The bogs take their name from the 

townland of Lemanaghan, in the centre of 

which is a large dryland 'island' surrounded by 

bogs and callows. On this island St Manchan 

established a church in AD 645. Today, the 

remains of two medieval churches, a holy well, 

a togher and two cross-slabs survive. The site 

is now better known for its associated 

metalwork-the twelfth-century Shrine of St 

Manchan and the fragments of the eleventh 

century Lemanaghan Crozier (both now 

displayed in the National Museum's Viking 

Age Ireland exhibition). The recovery of the 

crozier from the bog to the north of the island 

indicates that the church site should be viewed 

in the context of its wet surroundings. Indeed, 

it is likely that the isolation imposed by the 

expansive bogs and the seasonally flooded 

callows of the River Brosna to the south 

influenced the siting of the church. 

The central area of the Lemanaghan Bogs 
has been worked by Bord na Mona since the 

1950s. Production was extended into adjoining 

bogs in the 1970s. The Irish Archaeological 
Wetland Unit first started work in the bogs in the 

Lemanaghan area in 1993. Further surveys were 

carried out in 1994 and 1996. Bord na Mona 

own over 1,300 hectares of bog in the 

Lemanaghan Works area. The survey was 

restricted to this area as Bord na Mona 

represents the single largest threat to the wetland 

archaeology. The results of the surveys have 

been both dramatic and complex. To date, over 

600 new 
archaeological sites and finds from a 

number of periods have been recorded. This 

figure, when combined with the results of other 

IAWU surveys in north-west County Offaly 

brings the total number of sites to over 750. 
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A damaged post-medieval site in Corrhill Bog from which a turned wooden bowl and a 
leather shoe were recovered. The bowl can be seen in situ in the foreground (artefact 

photos: David Jennings). 

The earliest evidence from these bogs is of 

stone. A number of Neolithic flint blades have 

been recovered during peat-cutting over the 

years. In the summer of 1996 a flint scraper 
was found by the IAWU. A local landowner, 

Mr Joe Egan, recovered a polished stone axe 

when working on a Bord na Mona drain. Both 

of these finds were from the area of Corrhill 

Bog, which was one of the later bogs to be 

commercially developed. They appear to be 

from machine excavations in the lower peat 
levels and show the potential presence of early 

prehistoric sites. Sites of this date have been 

found in other areas such as County Longford, 
where six Neolithic toghers have been 

excavated. At Lemanaghan the Bord na Mona 

workings have not reached these lower levels. 

The earliest dated structures in the 

Lemanaghan area are two tracks from the 

sixteenth century BC. Both are constructed 

from longitudinal oak planks with transverse 

supports. The first is from the northern end of 

Derrynagun Bog. This was an area of cut-over 

bog before it was purchased by Bord na Mona. 

As a result more peat has been removed, 

exposing the site on the field surface. The 

second site is from Kilnagarnagh Bog and is 

visible only in the drain faces. Here, mortised 

planks can be seen secured to the old bog 
surface with pegs. 

The next dated period of construction is 

around 900 BC when sites were built across 

Corrhill and Lemanaghan bogs. These dates 

closely match those for the construction of the 

settlement at Clonfinlough, situated 12km to 

the west. There appears to be a widely 

occurring pattern of site construction in wet 

areas during this general period. The 

Lemanaghan material may, therefore, be 

reflecting trends on a much wider scale. Dated 

sites from Castletown, Derrynagun and 

Curraghalassa bogs indicate considerable 

activity around the late sixth and seventh 

centuries AD, in the Lemanaghan area. 

Curraghalassa Bog in particular has several 

toghers dating from this period. Since this bog 
has never been milled these and all later sites 

still survive. 

In Derrynagun Bog the lowest construction 

levels of a large gravel, stone and wood togher, 
which runs across the bog towards 

Lemanaghan Church, are broadly 

contemporary with the foundation of the 

monastery by St Manchan. The togher 
continued to be used into the thirteenth century 

AD by which time the upper stone flags and 

gravel layers that are visible today had been 

laid down. Surviving fragments of 

Romanesque architecture at Lemanaghan 
Church show that building work was also 

carried out there around this time. 

Site density 
The majority of the sites recorded in 

Lemanaghan were brushwood and roundwood 

toghers and puddle toghers, as well as deposits 
of worked wood. In some locations horizon 

after horizon of sites occurred in the drain 

faces and could be followed for up to 70m. The 

densities in which sites sometimes occurred 

made it impossible to tell where one site ended 

and another began. 

This evidence is in contrast with the 

common perception of bogs as an empty 

wilderness devoid of human presence. From 

the Lemanaghan material it appears that in 

bogs such as Corrhill and Curraghalassa there 

were extended periods where a structure or 

structures were constantly present on the bog. 
Once the sites had been enveloped by the 

growing bog new sites were constructed in the 

area. This resulted in the formation of the 

archaeological horizons presently exposed in 

the Bord na Mona drain faces. The number of 

sites in the bog would have had a considerable 

impact on the surrounding dryland from which 

much of the material probably originated. 
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Top left: Some of the 20 silver coins of 

Edward I from Corrhill Bog prior to 

conservation (photo: David Jennings). 

Top right: Three horizons of 

archaeological material exposed in a 

drain face in Curraghalassa Bog. 

Bottom left: A Bord na Mona machine 

working on a bog in Co. Offaly in 1997. 

The stones visible in the foreground 
are part of an archaeological site. 

Bottom right: Neolithic flint scraper 
from Corrhill Bog 1996 (photo: David 

Jennings). 

Artefacts 
The recent surveys carried out by the IAWU 

have produced a variety of artefacts in addition 

to the lithics already mentioned. From 

Curraghalassa Bog a well-made leather shoe 

and fragments of another were retrieved. One 

of the shoes dates from the post-medieval 

period and the other is medieval. Wooden finds 

from this bog include the lid and base of a 

possibly Late Iron Age stave-built wooden 

vessel and a number of perforated and 

dowelled shafts. 

In Corrhill Bog, two further leather shoes 

and additional perforated and trenailed shafts 

were recovered. Parts of an exquisitely turned 

and decorated wooden bowl, made from ash, 

were found associated with one of the shoes. 

These may be post-medieval or earlier. On 

returning to this bog after the main field season 

the IAWU discovered a number of silver coins. 

Further work, aided by a licensed metal 

detectorist, Mr Denis Lynch, brought the total 

number of coins to 20. Unfortunately the coins 

came from a milled field surface and are 

uncontexted. The coins, which represent only 

the third find of coins from a bog in Ireland, 

are of Edward I (1279-1301 AD). Nineteen 

were minted in London and one in Waterford. 

Protection 
The bogs owned by Bord na Mona contain 

some of the richest and most diverse 

archaeological material in the country. If more 

ways can be found for the developer and the 

archaeologist to work in tandem we will learn 

more in the time available about this material, 

which took up to 9,000 years to accumulate. In 

the meantime, however, most of this material is 

being destroyed quite rapidly. 

Most of the areas discussed above are 

being actively exploited for peat extraction by 

surface milling. This can reduce the surface of 

a bog in a year by up to 20cm. In this way 

entire horizons of archaeological material can 

be lost in just a few summers. The effect of 

this is particularly evident in Corrhill Bog, 

where over 90% of the 170 sites and the 

artefacts were identified on the milled field 

surface. As these levels are removed new sites 

will emerge and will need to be recorded. The 

sites recorded to date will be included in the 

list of Recorded Monuments and Places and 

will receive protection under National 

Monuments legislation. It is hoped that some 

of the archaeological sites might also be 

protected by the conservation of the bogs. 

Research potential 
The sites identified in the Lemanaghan Bogs 

outnumber the known dryland sites in the 

region by ten to one. When we consider the 

potential offered by these wetland sites their 

importance is significantly increased. Analysis 

of the sites and the peats on which they were 

built can help us to develop a picture of the 

changing environment of the area in the past. 

Changes in the amount of tree cover, the 

amount of grass or arable land, climate change 

and periods of human colonisation are just 

some of the questions that wetland 

archaeology can help to resolve. In addition, 

the preservative qualities of bogs mean that the 

sites survive in excellent condition, allowing 
the study of wood-working and artefacts from 

all periods in the past. 

As archaeological sites on dryland do not 

always survive or have yet to be identified, 

sites in wetlands can be used to predict 

possible locations on the dryland where none 

are currently known. In addition, where the 

dryland sites do not survive, it is possible to 

record their existence by their associated 

wetland sites and their impact on the 

palaeoenvironment. In this way the work of the 

IAWU is not only filling in the formerly blank 

archaeological landscapes of the raised bogs 

but can also help to fill in the drylands. 

Note 
The Irish Archaeological Wetland Unit is 

interested in any information about sites or 

finds from bogs. Please write to: IAWU, 

Department of Archaeology, University 

College Dublin, Belfield, Dublin 4. D 
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1 Introduction 

This County Wind Energy Strategy forms part of the Offaly County Development Plan 2021-2027 and 

should be read in conjunction with the policies and objectives contained within that Plan, the 

Guidelines for Planning Authorities on Wind Energy Development (DEHLG, 2006) or any revision 

thereof.  It will guide the development of wind energy developments in the county up to 2027.   This 

Strategy builds upon its predecessor contained in the previous Offaly County Development Plan 2014-

20 and takes account of new and updated legislation, policy and guidelines at International, European, 

National and Regional levels. 

The Objectives of this County Wind Energy Strategy are as follows; 

1. Reflect and plan for technological advances in wind farms over the next number of years. 

2. Support wind energy as a renewable energy source which can play a vital role in achieving 

national targets in relation to reductions in fossil fuel dependency and greenhouse gas 

emissions; 

3. Identify key areas within the county that are ‘Open for Consideration for Wind Energy 

Developments’ or ‘Unsuitable for Wind Energy Developments’ based on wind speed, access to 

the electricity grid and substations, and avoidance of adverse impacts on the landscape and 

designated sites. 

4. Consider the potential for micro-generation (generation that is less than 11 kW) wind energy 

developments and for small community based proposals outside key areas within the county 

that are ‘Open for Consideration for Wind Energy Developments’ 

5. Ensure full compliance with the requirements of EU SEA Directive 2001/42/EC and Statutory 

Instrument 436 /2004 [Planning and Development (Strategic Environmental Assessment) 

Regulations 2004] on the assessment of the effects of certain plans and programmes on the 

Environment, and the Planning and Development Act 2000 (as amended), the EU Habitats 

Directive (92/43/EEC) and EU Birds Directive (2009/147/EC). 

In tandem with the above objectives, Strategic Environmental Assessment (SEA) and Appropriate 

Assessment (AA) have been undertaken in relation to this County Wind Energy Strategy as part of the 

Draft County Development Plan and their findings have informed the preparation of the strategy.  In 

addition, this Strategy demonstrates how it has considered the County Development Plans and Wind 

Energy Strategies of adjoining counties to ensure where possible a consistent approach towards Wind 

Energy development policy across county boundaries. 
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2 Wind Energy Developments  

2.1 Technology  

Wind turbines are used to convert the wind’s kinetic energy to electricity.  Wind energy proposals may 

constitute single turbines or groupings of turbines.  Commercial wind energy development generally 

comprises a group of wind turbines located relatively in the same area which are then interconnected 

with a medium voltage power collection system together with a communications network.  Wind 

energy development construction consists of turbine foundations, site access roads, power cables and 

an electrical sub-station; the installation of wind turbines; and the connection of the wind energy 

development site to the existing electricity grid via overhead lines (involving poles and pylons) or 

underground cables.  The substation compound may include transformers, circuit breakers and a 

control building.  At the substation, the medium-voltage electrical current is increased in voltage with 

a transformer for connection to the higher voltage transmission system. 

Wind turbines typically consist of a foundation, a tower (A), a nacelle (B) a rotor (C) as shown in Figure 

1 below.  The foundation prevents the turbine from falling over.  The tower holds up the rotor and a 

nacelle (or box).  The nacelle contains large primary components such as the main axle, gearbox, 

generator, transformer (which may be housed either inside or alongside the tower as per (D) as shown 

in Figure 1 below) and control system.  The rotor is made of the blades and the hub, which holds them 

in position as they turn.  Most commercial wind turbines have three rotor blades on the upwind side 

of the tower.  The rotor either has a horizontal axis, which is the most common type, or a vertical axis: 

Horizontal axis turbines: These often have three blades, although this varies in some models.  The 

blades are designed as aerofoils, which use the wind to create lift and turn the rotor.  They work in a 

similar way to aeroplane wings.  The turbine rotor is designed to face either directly into or away from 

the wind.  They are designed with a yawing mechanism which aligns them according to the wind 

direction.   

Vertical axis turbines: These rotate around a vertical axis, turning a shaft which is in line with the mast 

or tower it is mounted on.  The rotors can harness wind from any direction.  The generator can be 

located inside the top of the mast, or the shaft can pass down through the inside of the mast to drive 

a generator located at the base.  These turbines place less stress on the tower and base, which means 

they can be better for roof mounting. 

Wind turbines come in many different sizes, depending on the amount of energy that they are 

required to produce.  The larger the turbine, then (generally) the greater the amount of electricity 

produced.   
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Figure 1: Typical Wind Turbine 

2.2 Types of Wind Energy Developments 

2.2.1 Commercial Energy Generation  

Currently the highest turbines in Ireland have a tip height of approximately 180-190m, however the 

height on any individual development will vary depending on the circumstances and the technology 

available which may change in the future.  This Wind Energy Strategy focuses mainly on commercial 

wind turbines, given the significant contribution they can make to meeting renewable energy targets 

and the potential wider impacts on the local environment and community, however microgeneration 

can also help to tackle climate change.   

2.2.2 Micro-generation  

Micro generation is the general term used to refer to generation that is less than 11kW.  Micro-wind 

turbines can often be installed on rooftops or on poles in back gardens, subject to the requirement 

for planning permission where necessary.  Micro-generators reduce the amount of electricity that 

would otherwise have to be bought from the grid.  The benefits of micro-generation include lower 

electricity bills and potential protection against future electricity price rises; less greenhouse gas 

emissions; reduced reliance on fossil fuels; reduced electrical losses on the network; and improved 

Building Energy Rating. 
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2.2.3 Repowering 

Repowering is the upgrading of older turbines with more efficient technology or replacement with 

larger capacity turbines.  Repowering may also seek to extend the overall lifespan of the development.  

As wind turbine technology continues to advance, existing windfarms have the potential to greatly 

increase efficiency and capacity by repowering.  Wind energy developments are expected to have an 

operational lifespan of approximately 30 years, after which time the site will be reviewed and assessed 

to determine whether the planning permission may be renewed, or whether the wind energy 

development may be repowered (requiring planning permission) or otherwise decommissioned.   

3 Wind Energy Policy Context 

Important documents considered by Offaly County Council in the context of preparing and adopting 

this Wind Energy Strategy and policies and objectives in relation to wind energy development in this 

County Development Plan include all relevant Ministerial planning guidelines and guidance notes, 

national plans, policies and strategies and in particular: 

 The National Renewable Energy Action Plan 2010 (Irish Government submission to the European 

Commission);  

 The Government’s Strategy for Renewable Energy 2012 – 2020 (DCENR);  

 The Government’s White Paper on Energy Policy - Ireland’s Transition to a Low Carbon Energy 

Future 2015-2030 (DCENR); 

 The Government’s National Mitigation Plan, July 2017 (DCCAE);  

 The Government’s National Planning Framework and National Development Plan, February 2018 

(DHPLG);  

 The Government’s National Adaptation Framework, January 2018 (DCCAE); and  

 The Government’s Draft National Energy and Climate Plan 2021-2030 (Irish Government 

submission to the European Commission, December 2018). 

 The Government Climate Action Plan, 2019 to tackle climate breakdown. 

 Wind Energy Guidelines 2006; and 

 Eastern and Midland Regional Spatial and Economic Strategy 2019-2031. 

3.1 Project Ireland 2040  

Project Ireland 2040 is informed by the Programme for a Partnership Government 2016, which 

recognises that economic and social progress go hand in hand, and is made up of the National Planning 

Framework to 2040 and the National Development Plan 2018-2027. 
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The National Planning Framework (NPF) 2018 identified the importance of climate change in National 

Strategic Outcome (NSO) 8, which relates to ensuring a ‘Transition to a Low Carbon and Climate 

Resilient Society’.  National Policy Objective 55 seeks to ‘Promote renewable energy use and 

generation at appropriate locations within the built and natural environment to meet national 

objectives towards achieving a low carbon economy by 2050.’ 

The associated National Development Plan (NDP) 2018-2027 sets out the investment priorities that 

will underpin the implementation of the National Planning Framework, one of which is climate action, 

and commits to providing an additional 3,000-4,500 MW of renewable energy, full rollout of the 

Renewable Heat Support Scheme and the establishment of a Climate Action Fund to support initiatives 

that contribute to the achievement of Ireland’s climate and energy targets. 

3.2 Climate Action Plan 2019 to Tackle Climate Breakdown  

The Climate Action Plan 2019 is committed to achieving a net zero carbon energy system for Irish 

society, a resilient and sustainable country.  Decarbonisation is a must if the world is to contain the 

damage from the impact of greenhouse gas emissions and build resilience for our countries and 

communities.  The far-reaching Plan sets out over 180 actions, together with hundreds of sub-actions, 

that need to be taken at a time when the warning signs are growing, and the time for taking action is 

rapidly reducing. 

This Plan identifies how Ireland will achieve its 2030 targets for carbon emissions, and puts us on a 

trajectory to achieve net zero carbon emissions by 2050.  The Plan embraces every relevant sector: 

electricity, enterprise, housing, heating, transport, agriculture, waste, and the public sector. 

In relation to electricity, the key objectives are outlined below: 

 Increase reliance on renewables from 30% to 70% adding up to 8.2 GW of renewable onshore 

wind energy capacity with some of this delivered by private contracts via corporate power 

purchase agreements; 

 Deliver the Renewable Electricity Support Scheme (RESS) which will provide support for 

renewable electricity projects in Ireland through a series of scheduled, competitive auctions; 

 Put in place a coherent support scheme for micro-generation with a price for selling power to the 

grid; 

 Open up opportunity for community participation in renewable generation as well as community 

gain arrangements; 

 Streamline the consent system, the connection arrangements and the funding supports for the 

new technologies both onshore and off shore.   
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3.3 Eastern and Midland Regional Spatial and Economic Strategy 2019-

2031 

The Eastern and Midland Regional Spatial and Economic Strategy (RSES) supports an increase in the 

amount of new renewable energy sources in the region stating that the renewable energy needs of 

the region, in the form of wind, solar and biomass, will be likely to be met in rural areas.  The Strategy 

acknowledges that Bord Na Mónas Strategic Framework for the Future Use of Peatlands indicates that 

their cutaway bogs may be suitable for renewable energy as long term alternative uses of these sites. 

Regional Policy Objective 7.35 of the RSES states that Eastern Midland Regional Authority shall, in 

conjunction with local authorities in the Region, identify Strategic Energy Zones as areas suitable for 

larger energy generating projects, the role of community and micro energy production in urban and 

rural settings and the potential for renewable energy within industrial areas.  It is stated that Strategic 

Energy Zones for the Region will ensure all environmental constraints are addressed in the analysis 

and that a regional landscape strategy could be developed to support delivery of projects within the 

Strategic Energy Zones.   

4 Review of Wind Energy Development and Future 
Energy Requirements in Offaly 

Table 1 shows County Offaly’s current total installed wind capacity to date comprising 3 wind farms 

with a combined installed capacity of 98.5 MW and a total of 36 turbines.    

Table 1: Installed Wind Capacity in County Offaly (Source: Offaly County Council Planning Register, 2019) 

Location Capacity MW No. of Turbines 

Leabeg 4.5 2 

Meenwaun 10 5 

Mount Lucas 84 29 

Total 98.5 36 

Based on the national installed wind capacity of 3,748 MW from Quarter 2 of 20191, the installed wind 

capacity in County Offaly represents 2.63%  of the total installed wind capacity in the Republic of 

Ireland to date. 

                                                           
1 Irish Wind Energy Association (IWEA) Quarter 2 Report 2019 (covering April, May and June). The figures in the 
IWEA Quarterly Report are based on data provided by EirGrid, ESB Networks, the SEAI and its members. Some 
figures are provisional and may change as new data comes in. 
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In line with the Climate Action Plan 2019, Ireland aims to increase reliance on renewables from 30% 

to 70% adding up to 8.2 GW of renewable onshore wind energy capacity by 2030.  Using Offaly share 

of the national population from Census 2016, 1.63% as a proxy, as a minimum County Offaly is 

required to generate 133.66 MW of renewable energy by 2030.   

In addition, as Table 2 below shows, there are an additional 4 permissions in place for windfarms, 

which if constructed, will bring the total output in Offaly to 336.3 MW. 

Table 2: Permitted and undeveloped Wind Farms in County Offaly (Source: Offaly County Council Planning 

Register, 2019) 

Location  Capacity MW No. of Turbines 

Derrinlough 28.8 9 

Cloncreen 63 21 

Yellow River 96 29 

Moanvane 50 12 

Total 237.8 71 

Map No. 1 below shows the location of existing and permitted wind farms as referred to in Tables 1 

and 2 above. 

 

Map No. 1: Location of developed and permitted but not yet developed wind farms in County Offaly, 2020 
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5 Identifying Suitable Areas in County Offaly for 
Wind Energy Development 

This Wind Energy Strategy proposes that Local Authorities use a ‘step by step’ sieve mapping analysis 

of the key environmental, landscape and technical criteria which must be balanced in order to identify 

the most suitable location for wind energy development.  This Section applies the steps below to 

identify suitable locations for wind energy development in development plans. 

5.1 Step 1: Existing Wind Speeds and accessibility to electricity 

transmission and distribution grids 

Available wind speed has been long acknowledged as a key factor in determining the economic 

viability of potential wind energy locations.  Generally, to date, the areas considered economically 

viable have wind speeds above 7.5 metres per second.  Map No. 2 shows the current viable wind speed 

areas in County Offaly at a hub height of 100 metres above ground level based on the Sustainable 

Energy Authority of Ireland (SEAI) Wind Atlas 2013 in recognition that turbines are getting larger 

potentially generating more power.  Most of the county has a wind speed of at least 7.5 m/s. 

Proximity to transmission lines and the ability to connect into these lines is a significant consideration 

for the siting of commercial wind farms.  In addition to wind speed, Map No. 2 shows the existing 

transmission network (400 kV, 220 kV and 110 kV lines) in Offaly.  Offaly has an excellent electricity 

transmission network with no area in the county being over 15 km of an electricity transmission line 

and it is not deemed necessary to exclude any areas on this basis.  In turn, in order to facilitate the 

expansion in electricity generation installation from wind farms and other sources, the grid in the 

midlands may itself require development and expansion.  It is therefore prudent for the future 

development and electricity and wind farms in County Offaly that these strategic pieces of 

infrastructure are protected from inappropriate development in their immediate environs and that 

their scope for development is maintained.  In this regard, Chapter 13 of Volume 1 of the County 

Development Plan titled Development Management Standards requires consideration of the provision 

of sufficient falling distance plus an additional flashover distance between turbines and overhead 

transmission lines in relation to wind energy developments. 



 

Offaly County Development Plan 2021-2027: Draft Stage 
County Wind Energy Strategy 

10 

 

Map No. 2: Wind speeds over 7.5 m/s available at hub height of 100 metres (Source: Sustainable Energy 

Authority of Ireland (SEAI) Wind Atlas 2013) 

5.2 Step 2: Evaluation of the landscape and its sensitivity for wind energy 

developments 

5.2.1 Landscape Character Assessment 

The sensitivity of a landscape is a measure of its ability to accommodate change or intervention, 

without suffering unacceptable effects to its character.  Differing landscapes, based on their 

sensitivity, have the capacity to absorb different levels of development.  Offaly County Councils 

Landscape Character Assessment, contained within Chapter 4 ‘Biodiversity and Landscape’ of Volume 

1 of this County Development Plan, classifies landscapes into ten character areas according to their 

sensitivity to different types of development.  The wetlands, designated bog land areas, eskers, River 

Shannon and Callows and archaeological and historical landscapes are identified as being of high 

sensitivity in recognition of the value placed on them on account of their scenic and amenity potential.  

Rural, agricultural and cutaway bog are identified as a mix of low and moderate sensitivity.  Map No. 

3 below shows areas ranging from low, moderate and high sensitivity as classified in Chapter 4 of this 

Plan.  High Landscape Sensitivity areas include the Slieve Bloom Mountains, Croghan Hill and its 

environs, the River Shannon and its Callows, the Grand Canal Corridor, important wetlands such as 

Lough Boora, the esker landscape and archaeological and historical landscapes.  These ‘High 
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Landscape Sensitivity Areas’ have not been included in ‘Areas Open for Consideration for Wind Energy 

Developments’ in Map 10: Wind Energy Designations. 

 

Map No. 3: Landscape Sensitivity Areas in County Offaly 

5.3 Step 3: Overlay of the Wind Energy Mapping with Landscape Evaluation 

and Sensitivity Analysis with information regarding built and natural 

heritage, archaeological and amenity designations in the Development 

Plan and existing settlements within the county 

5.3.1 Designated Sites 

Map No. 4 below shows the extent and location of the European and National Designated sites in 

County Offaly as listed in Chapter 4 ‘Biodiversity and Landscape’ in Volume 1 of this County 

Development Plan.  All these European and National Designated Sites have not been included in Areas 

deemed ‘Open for Consideration for Wind Energy Developments’ in Map No. 10 Wind Energy 

Designations.  Appropriate Assessment screening was undertaken to assess the potential impacts of 

this Wind Energy Strategy on Natura 2000 sites.  In addition, Strategic Environmental Assessment has 

been carried out which assessed wider potential biodiversity impacts in relation to this Wind Energy 

Strategy. 
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Map No. 4: European and National Designated Sites in County Offaly 

5.3.2 Areas of High Amenity  

Areas of High Amenity (AHA) are special landscape areas within the county, which due to their 

outstanding natural beauty and/or unique interest value are generally sensitive to the impacts of 

development.  These designations are additional to statutory environmental designations, National 

and European, which overlap these AHAs.  Map No. 5 below shows the extent and location of the 

AHAs in the county as listed in Table 4.12 of Chapter 4 ‘Biodiversity and Landscape’.  As expressed in 

Chapter 4 of Volume 1 of this County Development Plan, it is Council priority to protect and preserve 

the county’s primary Areas of High Amenity, therefore, having regard to the potential significant visual 

impact associated with windfarms, the specific Areas of High amenity shown in Map No. 5 are not 

included in Areas deemed ‘Open for Consideration for Wind Energy Development’ on Map 10: Wind 

Energy Designations. 
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Map No. 5: Areas of High Amenity in County Offaly 

5.3.3 Protected Views 

Chapter 4 of Volume 1 of this Plan identifies and lists Key Scenic Views and Prospects in County Offaly 

which offer a very attractive cross-sectional view and overall impression of differing landscapes as one 

traverses the county.  Map No. 6 below shows the location of these protected views and the direction 

of the vistas from the specific roads or subject townlands as listed in Table 4.16 of Chapter 4 

‘Biodiversity and Landscape’.  In addition, Figure 8.9 in Chapter 8 Sustainable Mobility and Accessibility 

in Volume 1 of this Plan shows a number of regional roads which are classified as restricted on the 

basis of their amenity value.  The significance and magnitude of these views relative to wind potential 

areas are examined in Section 6 below. 

 



 

Offaly County Development Plan 2021-2027: Draft Stage 
County Wind Energy Strategy 

14 

 

Map No. 6: Key Scenic Views, Prospects and Key Amenity Routes in County Offaly 

6 Field Analysis and Desk Top Survey of Potential 
Wind Energy Areas 

Based on the above stages of preliminary sieve analysis of the county, 12 potential wind energy areas 

have been identified in Map No. 7 below which have both viable wind speeds and reasonable access 

to the national electricity grid and are located outside the constraint areas such as designated and 

High Landscape Sensitivity Areas as outlined above.  Table 3 below assesses these 12 potential wind 

energy areas as shown in Map No. 7 below, in more detail examining through field studies the 

significance of and relevance of protected views as shown in Map No. 8 below, patterns of residential 

development as shown in Map No. 9 below, along with prevailing land form and uses in these areas. 
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Map No. 7: Potential Wind Energy Areas (12) 

 

 

Map No. 8: Protected Views and Potential Wind Energy Areas 
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Map No. 9: Patterns of residential density based on Geodirectory data, Q3, 2019 

 

Table 3: Assessment of Wind Energy Potential Areas 

Ref. 

No. 

Area Recommendation 

1 Area generally north of Rhode  

This area is characterised by significant tracts of peatlands and 

improved agricultural land to the north of the village and large 

landholdings.  In addition, there exists a precedent of windfarm 

and renewable energy projects being deemed suitable while 

there exists both good wind speeds and electricity 

infrastructure in the area.  There is sensitivity in relation to 

views of Croghan Hill to the north and west which can be 

mitigated by suitable layout minimising visual conflict or 

compromising this focal feature in the area by considering the 

clustering of turbines and adequate separation of turbines 

from the vista of Croghan Hill from Rhode village. 

Area deemed ‘Open for 

consideration for Wind 

Energy development’ in 

principle * 

2 Area generally from Cloneygowan to Clonbullogue Area deemed ‘Open for 

consideration for Wind 
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This area is characterised by a predominantly flat and in places 

slightly undulating landscape with a number of significant 

tracts of peatlands and transitional woodlands and coniferous 

forestry, in particular in areas around Walsh Island, Bracknagh 

and Clonbulloge, along with improved agricultural land, large 

landholdings and a dispersed pattern of rural housing.  The 

extensive tracts of flat peatlands in this area offer potential to 

accommodate a wind farm layout with depth, comprising a grid 

formation giving a better sense of balance and visual cohesion.  

In addition, there exists a precedent of windfarm and 

renewable energy projects developed in the area such as 

Mount Lucas windfarm while other projects have been deemed 

suitable and are awaiting commencement of development.  

There exists both good wind speeds and electricity 

infrastructure in the area. 

Energy development’ in 

principle * 

3 Area generally south of Tullamore from Killeigh to Kilcormac 

Whilst the area south of Tullamore close to the Laois border 

has viable wind speeds, this area is constrained by their 

proximity to the Slieve Bloom Mountains and in particular 

protected views as listed in Chapter 4 of Volume 1 of this Plan 

from the townlands of: 

 Derryclure, Graigue and Lockclose at the top of valleys at 

scenic points on the heavily trafficked N80 across 

lowlands to the south west of the Slieve Bloom 

Mountains; 

 Bunaterin, Garbally, Kilooley and Ballywilliam between 

Mucklagh and Kilcormac at scenic points on the heavily 

trafficked N80 across lowlands to the south west of the 

Slieve Bloom Mountains; and 

 townlands of Knockhill and Drinagh on elevated land 

along the local road from Ballyboy to Cadamstown which 

allow scenic views of the Slieve Bloom Mountains. 

In addition, there exists a higher density of housing within the  

urban fringes of settlements and in the open countryside, and 

a fragmented pattern of landownership all of which are 

potential constraints to wind development in these areas. 

Area not deemed Suitable 

for Windfarms. 

4 Area generally to the north and north west of Ballycumber 

around Corracullin Bog 

Area deemed ‘Open for 

consideration for Wind 
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This area around Corracullin Bog is characterised by a 

predominantly flat and in places slightly undulating landscape 

with a number of significant tracts of peatlands, transitional 

woodlands and coniferous forestry.  There exists a very low 

density of housing in this area and an absence of constraints to 

wind farm development such as scenic views or designated 

sites.  There exists both good wind speeds and electricity 

infrastructure in the area.  The large landholdings and 

extensive tracts of flat peatlands in this area offer potential to 

accommodate a wind farm layout with depth, comprising a grid 

formation giving a better sense of balance and visual cohesion. 

Energy development’ in 

principle * 

5 Area generally west of Doon and north west of Ferbane 

This area with the exception of Endrim Hill and Cor Hill is 

relatively flat and slightly undulating.  There exists a number of 

significant tracts of peatlands, transitional woodlands and 

coniferous forestry at Clongawny, Clonlyon and Castletown, 

which having regard to the low density of housing in their 

vicinity and extensive tracts of flat peatlands in this area offer 

potential to accommodate wind farm developments.   

Area deemed ‘Open for 

consideration for Wind 

Energy development’ in 

principle * 

6 Area generally east of Shannonbridge and south of 

Clonmacnoise 

The landscape in this area is extremely varied with; 

 The monastic site of Clonmacnoise together with 

Mongans Bog, Fin Lough and Clonmacnoise Callows 

located to the north west of this area; 

 Esker ridge running from Shannonbridge towards 

Clonmacnoise; 

 The River Shannon and its callows, comprising river flood 

plains, grassland, meadows and semi natural woodland, 

along the west of this area; 

 Extensive tracts of peatlands, transitional woodlands and 

coniferous forestry at Tullaghbeg, Derrylahan and 

Clorahane.   

Whilst viable wind speeds are available in this area, the 

presence of the Clonmacnoise monastic site, the River Shannon 

Callows, eskers and protected views of Clonmacnoise and the 

River Shannon, as identified in Chapter 4 of this Plan, severely 

Area deemed ‘Open for 

consideration for Wind 

Energy development’ in 

principle * 
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limits the capacity of this area to accommodate the visual 

change associated with windfarm developments. 

7 Area generally south of Cloghan and Birr Environs 

Area generally south of Cloghan 

This area is characterised by a predominantly flat and in places 

slightly undulating landscape with a number of significant 

tracts of peatlands and transitional woodlands, and coniferous 

forestry in places.  There also exists good wind speeds and 

reasonable access to the grid.  The extensive tracts of flat 

peatlands in this area offer potential to accommodate a wind 

farm layout with depth, comprising a grid formation giving a 

better sense of balance and visual cohesion.  In addition, there 

exists a precedent of windfarm and renewable energy projects 

developed in the area such as Meewaun windfarm while other 

projects have been deemed suitable and are awaiting 

commencement of development.  There exists both good wind 

speeds and electricity infrastructure in the area. 

Birr Environs 

There are a number of constraint areas within this area 

however which are not included in the areas deemed Open for 

Consideration for Wind Energy Development in principle as 

shown in the Map No. 10 below; 

 the Little Brosna River Callows and Dovegrove Callows on 

account of their landscape sensitivities and presence of 

protected views; and  

 the internationally important Irish Low Frequency array (I-

LOFAR) in Birr Castle which is particularly sensitive to wind 

turbines in its vicinity due to the Doppler effect which 

masks the radar signal and produces backscatter. 

 

Area deemed ‘Open for 

consideration for Wind 

Energy development’ in 

principle * 

 

 

 

 

 

 

 

 

Area not deemed Suitable 

for Windfarms. 

8 Area generally south and west of Kilcormac 

Whilst this area to the south and west of Kilcormac has viable 

wind speeds, this area is constrained by its proximity to the 

Slieve Bloom Mountains and in particular protected views as 

identified in Chapter 4 of Volume 1 of this Plan from the 

townlands of: 

Area not deemed Suitable 

for Windfarms.  
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 Eglish, Fivealley and Ballycollin at scenic points on the 

heavily trafficked N80 across lowlands to the south west 

towards the Slieve Bloom Mountains 

 Stonestown from the local road along the lowland plateau 

offering an extensive vista in a southwards direction 

towards the Slieve Bloom Mountains; and  

 Knockhill and Drinagh on elevated land along the local 

road from Ballyboy to Cadamstown which allow scenic 

views of the Slieve Bloom Mountains. 

9 Area generally south of Kinnitty and west of Coolderry 

This area south of Kinnitty and west of Coolderry is a mix of flat 

undulating and hilly farmland both sides of the R421 which runs 

through Kinnitty to Roscrea and then rugged uplands and 

forestry as the land rises to meet the Slieve Bloom Mountains 

to the east. Whilst this area has viable wind speeds, it is 

constrained by their proximity to the Slieve Bloom Mountains 

and the presence of protected views as identified in Chapter 4 

of this Plan from the townlands of: 

 Knock along the Local Road L-04006 towards the Slieve 

Bloom Mountains and Leap Castle; 

 Kyle, Cloghanmore, Streamstown, Ballinree and Killaun at 

scenic points along the R440 towards the Slieve Bloom 

Mountains, while located in Area 7 above, the vista from 

these viewpoints runs through this area; and 

 Grange, Belhill, Longford Big and Church Land towards the 

Seir Kieran Monastic site. 

Farmsteads and houses are scattered throughout, as well as 

villages such as Kinnitty, Clareen and Coolderry.  The large town 

of Roscrea is located to the south of this area. 

Area not deemed Suitable 

for Windfarms. 

10 Area generally south of Cloughjordan 

Key characteristics of this area are: 

 Intensively managed farmland on a mix of flat, undulating 

and hilly land; 

 A patchwork of fields delineated by hedgerows varying in 

size; 

Area not deemed Suitable 

for Windfarms. 
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 Farmsteads and houses scattered throughout; 

 The busy Regional Roads, R491 and R490, which transect 

the area. 

Whilst this area has good wind speeds and there exists two 

medium tracts of peatlands in the area, one of these tracts 

Ballintemple Bog is a pNHA and the presence of medium levels 

of one off housing in the open countryside and the settlement 

of Cloughjordan will make the locating of windfarm 

development in this area challenging, having regard to the 

separation distances required from turbines to houses and 

settlements as set out in the Development Management 

Standards section in Chapter 13 of Volume 1 of this Plan.   

11 Area generally north of Dunkerrin 

This area is characterised by: 

 Intensively managed farmland on a mix of flat, undulating 

and hilly land; 

 A patchwork of fields delineated by hedgerows varying in 

size; 

 Farmsteads and houses scattered throughout; 

 The busy Regional Road R445 and the M7 motorway 

which transect the area. 

The presence of rolling hills running north of Dunkerrin at the 

townlands of Frankford, Clonagannagh and Ballystanley and 

the proximity of same to the R445 and M7 would make any 

windfarm development extremely prominent and visual 

dominant in the local landscape.  In addition, the presence of 

medium levels of one off housing in the open countryside and 

the settlements of Dunkerrin and Cloughjordan will make the 

locating of windfarm development in this area challenging, 

having regard to the separation distances required from 

turbines to houses and settlements as set out in the 

development management standards section in Chapter 13 of 

Volume 1 of this Plan.  

Area not deemed Suitable 

for Windfarms. 

12 Area generally south of Moneygall 

This area is quite elevated punctuating the generally low lying 

landscape of surrounding areas with prominent hill tops at 

Armyhill and Loyer and contours generally rising significantly in 

Area not deemed Suitable 

for Windfarms. 
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a south easterly direction towards Borrisnoe Mountain in 

County Tipperary.  The population in the open countryside is 

sparse, concentrated in nearby Moneygall village with the 

landscape farmed.  Having regard to the scenic quality of the 

area, its proximity to Borrisnoe Mountain and the visibility of 

the area from the M7 motorway and Regional Road, R445, this 

area is considered to have little capacity to accommodate the 

visual change associated with windfarm developments. 

* Wind energy developments in areas considered ‘Open for Consideration for Wind Energy 

Development’ following the below analysis does not imply ‘automatic approval’ as each proposal for 

development will be considered on their individual merits at planning application stage subject to the 

normal environmental and appropriate assessment, and compliance with the relevant policies and 

objectives, development management standards as set out in the Volume 1 of this County 

Development Plan and section 28 Ministerial Guidelines. 

7 Results of Methodological Step by Step approach 
and Field Analysis of Potential Sites for Wind 
Energy Development 

Map No. 10 shows the areas in the county designated ‘Open for Consideration for Wind Energy 

Development’.  It should be noted that areas shown ‘Open for Consideration for Wind Energy 

Developments’; 

 have a viable wind speed and good access to the electricity grid; 

 are free from the environmental and landscape constraints outlined in Section 5 above;  

 are characterised by dispersed or sparse patterns of rural housing; 

 are of a sufficient size to accommodate commercial wind farms and associated infrastructure 

rather than a smaller remote and dispersed area. 

These areas have been identified based on the sieve mapping analysis in Section 5, a field analysis and 

desk top survey in Section 6, and have been informed by the Strategic Environmental Assessment 

(SEA) and Appropriate Assessment (AA) undertaken in relation to this County Wind Energy Strategy. 
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Map No. 10:  Wind Energy Strategy Designations



 

Offaly County Development Plan 2021-2027: Draft Stage 
County Wind Energy Strategy 

24 

8 Wind Energy Development Policy 

It is the policy of the Council to assess proposals for new wind energy developments in accordance 

with Map No. 10 ‘Wind Energy Strategy Designations’, Climate Action Energy Objective 03 (Chapter 

3 Climate Action and Energy) and the following parameters: 

1. Areas Deemed Open for Consideration for Wind Energy Developments 

These areas are open for consideration for wind energy development as these areas are 

characterised by low housing densities, do not conflict with European or National designated sites 

and have the ability by virtue of their landscape characteristics to absorb wind farm developments.  

Notwithstanding this designation, wind farm developments in these areas will be evaluated on a 

case by case basis subject to criteria listed in Development Management Standard 109 contained 

in Chapter 13 of Volume 1 of this County Development Plan and the Section 28 Wind Energy 

Development Guidelines. 

2. Areas Not Deemed Suitable for Wind Energy Developments 

(a) This area is considered to be generally unsuitable for wind farm development due to 

significant environmental, heritage and landscape constraints and housing density.   

(b) Individual small scale turbines will be considered on a case by case basis having regard 

to relevant exemption provisions in the Planning and Development Regulations 2001 as 

amended.   

(c) Applications for re-powering (by replacing existing wind turbines) and extension of 

existing and permitted wind farms will be assessed on a case by case basis and will be 

subject to criteria listed in Development Management Standard 109 contained in 

Chapter 13 of Volume 1 of this County Development Plan and the Section 28 Wind 

Energy Development Guidelines. 
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9 Consistency with Adjacent Local Authorities’ 
Wind Energy Strategies 

This County Wind Energy Strategy has considered the County Development Plans and Wind Energy 

Strategies of adjoining counties as shown below in Table 4 to ensure where possible a consistent 

approach across county boundaries.   

Table 4: Other Local Authorities Wind Strategies or policies 

County Plans and Strategies Wind 

Energy 

Map 

Level of consistency with Offaly 

County Wind Strategy in relation to 

shared borders 

Galway Galway Development Plan 

2015 – 2021 – Chapter 7 

Energy/Renewable Energies 

and Communications 

Technology and Appendix IV 

Wind Energy Strategy. 

Yes High consistency with both policies 

contained in both County 

Development Plans and mapping of 

County Wind Energy Strategies.   

It is noted that this Offaly County 

Wind Energy Strategy is consistent 

with the Galway Wind Energy 

Strategy in that windfarm 

development is not deemed suitable 

in the Shannon Challows area that 

both counties share having regard to 

the ecological and landscape 

sensitivities of the area. 

Kildare Kildare County Development 

Plan 2017-2023 – Chapter 8: 

Energy and Communications, 

Section 8.5 Wind Energy. 

No High consistency relating to policies in 

County Development Plans. 

Kildare County Council has not 

prepared a County Wind Energy 

Strategy to date instead including a 

number of wind energy policies of 

which the policies within Chapter 3: 

Climate Action and Energy of Volume 

1 of this County Development Plan 

are consistent with.   
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Laois Laois County Development 

Plan 2017 – 2023 - Appendix 

5: Wind Energy Strategy and 

Ministerial Direction 2017. 

Yes Low consistency between County 

Wind Energy Strategies. 

It is noted that the inclusion of an area 

‘open for consideration’ for wind farm 

development south of the shared 

border on the Laois side of the two 

counties will impact upon the 

‘Protected View’ Ref. Number V1 in 

Table 4.16 ‘Key Scenic Views and 

Prospects’ from Chapter 4: 

Biodiversity and Landscape of the 

Offaly County Development Plan of 

the Slieve Bloom Mountains from the 

N80 in the townlands of Ballynasragh, 

Pigeonhouse, Killeigh, Derryclure, 

Derrybeg and Cloncon.  The Offaly 

Wind Energy Strategy deems this area 

not suitable for wind energy 

developments. 

Meath Meath County Development 

Plan 2013-2019 - Chapter 8: 

Energy and Communications 

and Appendix 7 Landscape 

Character Assessment. 

No High consistency relating to policies in 

County Development Plans. 

Meath County Council has not 

prepared a County Wind Energy 

Strategy to date instead including a 

number of wind energy policies of 

which the policies within Chapter 3: 

Climate Action and Energy of Volume 

1 of this County Development Plan 

are consistent with. 

Roscommon Roscommon County 

Development Plan 2014-20 –  

Chapter 3 Economic 

Development  Sections 3.4.3 

Wind and Other Natural 

Resource Energy 

Technologies, Chapter 4 

Infrastructure, Section  4..6.2 

Wind Energy and Landscape 

Character Assessment of 

County Roscommon, June, 

2008. 

No High consistency with both policies 

contained in County Development 

plans and mapping of County Wind 

Strategies. 

It is noted that the Offaly County 

Wind Energy Strategy is consistent 

with the Roscommon Landscape 

Character Assessment which informs 

the issue of suitability of windfarms in 

the county,  in that windfarm 

development is not deemed suitable 

in LCA 9: Cloonown and Shannon 
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Callows that both counties share 

having regard to the ecological and 

landscape sensitivities of the area. 

Tipperary Tipperary Wind Energy 
Strategy 2016, South 
Tipperary County 
Development Plan 2009 and 
North Tipperary County 
Development Plan 2010. 

Yes High consistency relating to policies in 

County Development Plans. 

Low consistency relating to mapping 
of wind energy areas.  The majority of 
the areas of North Tipperary close to 
the border with Offaly are categorized 
as ‘Areas of the County that have 
adequate wind resources for wind 
farm development’ in Appendix 6 
‘Wind Energy Developments in North 
Tipperary’ of the North Tipperary 
Development Plan.   These areas are 
deemed eminently suitable for wind 
farm development subject to normal 
planning considerations.  Much of the 
areas on the Offaly side of the shared 
order are not deemed suitable for 
wind energy developments due to 
areas being located with European 
designated sites, Areas of High 
Amenity, high landscape sensitivity 
areas, in close proximity to 
settlements and one off houses, and 
concerns of the visual impact of wind 
energy development on the scenic 
quality of the area. 

Westmeath Westmeath County 

Development Plan 2014-20, 

Chapter 10 Energy and 

Communications, Section 

10.5 Wind Energy. 

Yes High consistency relating to policies in 

both County Development Plans.  In 

particular, Policy  P-WIN2 from 

Chapter 10 ‘Energy Communications’ 

of the Westmeath County 

Development Plan, directs large scale 

energy production such as wind farms 

onto cutaway peatlands in the county 

subject to normal planning 

considerations which is consistent 

with a number of policies in Chapter 

3: Climate Action and Energy and 

Chapter 5: Economic Development of 

Volume 1 of this County Development 

Plan relating to the potential of 
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peatlands to accommodate 

renewable energy (such as wind 

energy developments).   

Medium consistency relating to 

mapping of wind energy areas.   

Whilst Westmeath County Council 

has not prepared a County Wind 

Strategy to date, from examining 

maps showing Landscape Characters 

and wind energy resources (based on 

the Sustainable Energy Authority 

Ireland Wind Atlas) in County 

Westmeath, it is noted that a 

significant area of land to the north 

west of the Offaly border has medium 

capacity to accommodate wind 

energy developments.  Much of the 

areas on the Offaly side of the county 

border are either designated ‘Open 

for Consideration for Wind Energy 

Development’, with the exception of 

certain specific areas which are 

located within European designated 

sites, Areas of High Amenity, high 

landscape sensitivity areas or are in 

close proximity to settlements and 

one off houses. 

10 How the SEA and AA informed the Wind Energy 
Strategy 

Strategic Environmental Assessment (SEA) and Appropriate Assessment (AA) have been undertaken 

in relation to this County Wind Energy Strategy.  The identification of environmental sensitivities by 

these processes has helped to define areas for wind energy development and ensured that highly 

sensitive landscape and designated sites were avoided in designating areas deemed ‘Open for 

Consideration for Wind Energy Developments’.   
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11  Strategic Approach to Wind Energy Development  

Offaly County Council has taken a strategic approach to developing this County Wind Strategy.  It 

identifies key areas within the county that are ‘Open for Consideration for Wind Energy 

Developments’ or ‘Unsuitable for Wind Energy Developments’ based on a comprehensive assessment 

of wind speed, access to the electricity grid and substations, and avoidance of adverse impacts on the 

landscape and designated sites, all of which facilitate a more robust Plan preparation process.  In 

particular, it is considered that this strategic approach:  

 Facilitates a strategic and plan led approach to wind energy development in the county.   

 permits a more accurate analysis of existing environmental resources, potential impacts and 

identification of mitigation measures where necessary; 

 Facilitates the avoidance of particularly sensitive resources where necessary; 

 Allows for a cumulative assessment of wind energy developments within the county; and   

 Allows the Council a means to assess and potential a means to progress wind energy 

developments within robust strategic areas in the county, assisting the achieving of national 

renewable energy targets. 
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CHAPTER 21 

TRACKWAYS 
ACROSS THE 

AND ROADS 
WETLANDS 

RICHARD BRUNNING AND CONOR MCDERMOTT 

INTRODUCTION 

Over the last 7,000 years, the formation and development of peat-forming wetlands in 
northern Europe have created environments of challenge and opportunity to human 
communities. People in the past moved into and across these wetlands for various social, 
religious, ideological, and economic reasons. The archaeological survey and excavation 
of trackways, roads, and causeways through bogs and fens has formed a major part of the 
development of wetland archaeology in many European countries. Wooden trackways 
were recorded in bogs in many countries in the 19th century, but it is only in the last 40 
years that systematic fieldwork projects have been developed to record them. In the 
United Kingdom, rescue excavation of numerous trackways by the Somerset Levels 
Project in the 1970S and 1980S formed the basis of the first systematic wetland project in 
that country, and helped to develop a range of excavation and analytical techniques that 
would be used by wetland projects around the world. The same threat of destruction 
spurred on the development of wetland archaeological fieldwork in Ireland, the Nether
lands, and Germany. 

Wooden trackways have provided us with a range of other insights into past lives and 
landscapes; into the choices and decisions people took in deciding to lay a routeway into the 
bogs and fens. Archaeological study has enabled us to assess the physical effort and labour 
needed to construct these roads. Wood species and tree-ring studies have demonstrated the 
character oflocal woodlands and show how people were aware of the properties of each tree 
species, how the wood could be best worked, and perhaps how some trees had symbolic or 
spiritual properties, which were occasionally incorporated into the structure. Multi-proxy 
palaeoenvironmental studies of peats, peat hydrology, beetles, plant remains, and other evi
dence have demonstrated the biographies of these structures in their environments; the 
years or seasons they were made; how long they could have been used for; and how they may 
have sunk slowly into the bog or were affected by changing climate, bog conditions, or other 
environmental factors. 
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TRACKWAY DISTRIBUTION 

AND FIELDWORK IN EUROPE 

Archaeological investigations of wooden trackways and causeways have not been evenly 
spread across Europe. Neither do they correspond entirely to the distribution of peatlands or 
peat extraction. These monument types have been given particular attention in Ireland, the 
United Kingdom, Germany, the Netherlands, and parts of Scandinavia. The work in those 
areas will be briefly characterized below. Less investigation has been carried out in other 
extensive peatlands in countries such as Poland, Russia, Sweden Finland, or the Baltic states, 
even where large-scale peat extraction has taken place. 

Ireland 

More wooden trackways have been recorded in Ireland than in the whole of the rest of 
Europe. Generations of Irish farmers have cut turf in raised bogs, and discoveries of wooden 
structures were frequent in the 19th and 20th centuries (see O'Sullivan 2007 for a briefhisto
riography). Irish archaeologists generally paid little attention to them, and only a few wooden 
trackways were investigated (e.g. FitzGerald 1898; Macalister 1932; Price 1945; Prendergast 
1946-7; Tohall et al. 1955; Rynne 1961-3; 1964-5; 1965; Lucas 1975; 1985; Breen 1988). In mod
ern times, Irish raised bogs have been exploited in a much more industrial fashion, to pro
vide fuel and generate electricity. Bord na Mona owns c.85,000ha of peatland, producing 5 
million tonnes of peat annually (Doyle and 0 Criodain 2003: 97). Irish raised bogs have been 
largely destroyed by this modern mechanized peat extraction (Hammond 1979; Feehan and 
O'Donovan 1996; Doyle and 0 Criodain 2003). At current rates of exploitation, it has been 
estimated that all unprotected raised bogs will be extinct in the next few decades. 

Awakening to this threat in the late 1980s, archaeologists began to carry out programmes 
of work in Bord na Mona bogs (Raftery 1990; 1996; 1999; O'Sullivan 2007). Peat deposits 
were also the subject of detailed palaeoenvironmental and insect analysis (Caseldine et al. 
1996; Reilly 1996), while a range of other studies investigated wood technology (O'Sullivan 
1996), dendrochronology (Baillie and Brown 1996), and literary references to trackways (0 
hOgain 1996). Established in 1990, the Irish Archaeologi~al Wetland Unit (IAWU) embarked 
on a long-term archaeological survey of midlands bogs-effectively a rescue survey
revealing thousands of mostly brushwood trackways, hurdles, and platforms in the raised 
bogs (IAWU 1993a; 1993b; 1995; 1997; Moore et al. 2003; McDermott 1998; 2001; 2007; Murray 
et al. 2002; Stanley 2003; McDermott et al. 2003). 

Since 1999, up to 200 archaeological excavations have been carried out in the raised bogs 
(0 Carroll and Whitaker 1999; 0 Carro1l2001a; Turrell and Whitaker 2007; Whitaker and 0 
Carroll 2009; Whitaker 2009). Unfortunately, the elimination of peatland archaeological 
sites easily exceeds the rate of destruction, and the funding, though welcome, is insufficient 
to provide adequate mitigation. In addition, the archaeology of Ireland's privately owned 
bogs remains largely unexplored (McDermott 2007). 

In 1996-8, the ambitious Lisheen Mine Project on Derryville Bog, Co. Tipperary (Gowen 
et al. 2005) carried out a major multidisciplinary study on one discrete Tipperary bog 
and showed just how much could be discovered about past human uses of the bog. 
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The archaeological excavations were combined with a major, multi-proxy environmental 
archaeological research programme (Caseldine et al. 2005; Reilly 2005; Stuijts 2005; Casel
dine and Geary 2007). 

More recently, the rapid expansion of the Irish road network has led to the excavation of 
many wetland sites, including a notable concentration of trackways and platforms at Eder
cloon (see Fig. 21.1) (Moore 2008; McDermott et al. 2009) where an integrated palaeoenvi
ronmental programme is ongoing (Bermingham et al. 2009). As at Lisheen, the money 
available has allowed a wide variety of analytical techniques to be employed on a scale that is 
not possible on the Bord na M6na projects. Similar site-specific investigations on road 
schemes have been undertaken on a significant Iron Age bog trackway at Annagholty, Co. 
Tipperary (Taylor 2008) and at a multi-period site at Newrath, Co. Kilkenny, where plat
forms and trackways were constructed as the reed swamp developed into a saltmarsh 
through the prehistoric period (Wilkins 2007; Timpany 2008). Recent finds of human 
remains in bogs such as at Tumbeagh and Old Croghan, Co. Offaly, have been the focus of 
palaeoenvironmental investigations that are also relevant to trackway site in the same bogs 
and regions (Bermingham and Delaney 2006; Bermingham 2007; Plunkett et al. 2009). 

In total these archaeological projects have recorded at least 3,500 sites, the majority of 
which are wooden trackways of various sizes and lengths, platforms, post-rows, or stray 
finds. They range in date from the Neolithic to the medieval period in date, although there 
are particular concentrations in the Late Bronze Age and Iron Age and something of a hiatus 
from the 1st century BC until the early medieval period (McDermott et al. 2009; Brindley 
and Lanting 1998). 

United Kingdom 
A total of 177 wooden prehistoric trackways have been identified in England and Wales 
(Brunning 2007). Only five more have been found in Scotland (Crone and Clarke 2007). The 
numbers of Romano-British and medieval structures have never been collated, but are cer
tainly far fewer. The distribution of these finds does not correlate well to the former wetland 
areas. No discoveries have been made in the upland blanket bogs and very few in the exten
sive lowland wetland of the northwest. The other extensive wetland areas around the Hum
ber and in the Fens on the east of the country have also produced relatively few trackway 
structures (e.g. French 1993; Lethbridge 1935) relative to their great area. 

The Somerset wetlands have produced the greatest concentrations of trackway and plat
form finds. Discoveries of wooden trackways were recorded in the 19th and early 20th centu
ries during peat extraction (e.g. Dymond 1880; Bulleid 1933). Sir Harry Godwin investigated 
the paleoecology of the Somerset peatlands in the 1950S and 1960s, and combined this analy
sis with the recording of prehistoric trackways that were being uncovered (Godwin 1960). In 
the 1970S and 1980s this work was continued by the Somerset Levels and Moors Project, the 
first wetland survey project financed by English Heritage. The project undertook rescue 
excavations of numerous trackways in advance of their destruction by peat cutting, and pio
neered new techniques of survey, excavation, conservation, palaeoenvironmental studies, 
and analysis of wooden remains (Coles and Coles 1986). 

Recent intertidal fieldwork had added considerably to the numbers of known trackways, 
most notably on the Welsh side of the Severn estuary, on the Humber estuary, in Essex, and 
on the northern side of the Isle of Wight (Bell et al. 2000; Wright 1990; Van de Noort and 
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FIGURE 21.1 Trackway Edercloon 5, Co. Longford, Ireland, during excavation. Dating to 
1206-970 BC, the structure was over 1 metre in depth and produced 11 artefacts including 
carved wooded vessels, a wooden trough, 4 spiral wooden rods, and an unfinished portion 
of the oldest block wheel from Ireland, all of which appeared to have been deliberately 
deposited in the site. (Photograph courtesy of Cathy Moore and CRDS Ltd.) 
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Ellis 1999; Wilkinson and Murphy 1995; Loader et al. 1997). Over recent decades, excavations 
in advance of development in London have also begun to produce significant numbers of 
prehistoric trackway discoveries (Crockett et al. 2002; Meddens 1993). 

The trackways in the United Kingdom date from the Neolithic to the late Iron Age period. 
Excavation at the Mesolithic site of Star Carr has suggested that an irregular alignment of 
wooden material at the edge of the former lake may represent a trackway (Mel1ars and Dark 
1998). If this interpretation were correct it would be the earliest example of that type of structure 
known from Europe. More elaborate causeways are known from the Roman and medieval peri-
0ds, although they are comparatively few in number (e.g. Van de Noort 1997; Brunning 2010). 

Germany 

Most raised bog peats in Germany developed in the Lower Saxony area, where 10 per cent of 
the land area was once covered by peatlands. Late in the 18th century they still covered 
3-4,oookm2 (Schmatzler and Bauerochse 2003). Around 300 trackway discoveries have been 
made in this area from the 19th century onwards, mostly in advance of or during their 
destruction by peat extraction or arable farming (Hayen 1985; 1989; Bauerochse 2003). 

The Campemoor is one of northwest Germany's largest peatlands, stretching over 180km2. 
Archaeological discoveries were recorded in the early 19th century, but systematic survey only 
started in 1991. Since 1999, this has been complemented by detailed palaeoecological studies. 
Thirty trackways have been excavated, ranging in date from C-4800 BC to 2850 BC (Metzler 2003; 
Fansa and Schneider 1996). The oldest known wooden trackway in the world dates to the begin
ning of this period. It is Pr 31, a corduroy track of pine logs measuring C.3.S-4m in average width, 
supported by longitudinal logs and a substructure of birch trunks and branches (Metzler 2003). 

Fieldwork in boglands in other parts of Germany has also identified prehistoric track
ways. One of the largest such areas in southern Germany is the Fedeersee, where structures 
ofNeolithic to Iron Age date have been recorded in the second half of the 20th century. 

Netherlands 

Boutanger Moor, on the Netherlands/German border, has been the area where most discov
eries of trackways have been made in the Netherlands. Before reclamation, the raised bog 
would have covered l,600km2 (Groenendijk 2003). Recording only began in the 1960s, when 
the biologist Wils Casparie took interest in the bogs and the trackways that crossed them 
(Casparie 1972; 1987). A detailed archaeological survey of the area took place between 1982 
and 1999 in advance of a reconstruction programme on peatland damaged by peat cutting 
and arable farming. 

In total, 10 trackways have been excavated in the northeast Netherlands, with records of 
possibly up to another 10. They range in date from the Neolithic to the Late Iron Age periods, 
and palaeoecological studies of the bogs have also taken place (Casparie 2005). 

Scandinavia 

In Denmark, several trackways have been discovered during their destruction by peat extrac
tion or arable farming (Schou-Jorgensen 1997), but their numbers are very low compared to 
neighbouring areas in Germany. One notable concentration exists in Tibirke in northern 
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Zealand, where numerous trackways were built across bogs to join together peninsulas and 
islands from the Neolithic to the Iron Age (Coles and Coles 1989). 

In Norway there have been very few investigations of trackways and roads, but now just 
under 30 trackways have been recorded after some targeted fieldwork (Smedstad 2001). One 
of these was of Bronze Age date (Skjelsvik, 1958), but the others were mainly built during the 
9th to the 15th centuries AD. Very few trackway finds have been published from Finland or 
Sweden despite their huge areas of peatland. 

CHARACTER AND PURPOSE 

There is a huge variety in size, . length, and construction techniques employed in tracks, 
causeways, and roads across the wetlands. The choice of which structural type to employ can 
be seen as the product of a range of different factors, including the character of the environ
ment to be crossed, the (human and material) resources available to build the structure, the 
intended lifespan of the structure, what it had to support, and the social role of the structure. 
The distances covered by the structures correspond to their role in crossing or entering into 
the wetland, or linking to islands or platforms. 

Pedestrians and wheeled transport 

Of the hundreds of prehistoric trackways in the United Kingdom, only one wooden track
way, one stone and wood causeway, and two wood and stone moles seem to have been capa
ble of supporting wheeled traffic. This can be contrasted to the numerous substantial 
transverse log or plank trackways suitable for wagons known from northern Germany, Hol
land, and Denmark (Hayen 1987; Casparie 1982; Metzler 2003; Coles and Coles 1989: 161). In 
Germany, the world's oldest trackway, Pr 31, was a substantial (averaging 3.5-4m in width) 
structure that could have been used for wagons, although the transversely laid log surface 
must have made a bumpy ride (Metzler 2003). More direct evidence for Neolithic wheeled 
transport came from Bohlenweg Xv, where axle fragments, a piece of a disc wheel, and parts 
of a cart, including a draught pole, were found associated with the structure. 

In Ireland, the vast majority of trackways were unsuitable for wheeled vehicles. with the 
more substantial structures such as the Corlea 1 Iron Age plank track forming a small minor
ity (see Fig. 21.2) (Raftery 1996). Taken as a whole this evidence may indicate the relative 
importance, or lack of it, of wheeled transport in Irish and United Kingdom prehistory com
pared to other areas in northwest Europe. 

In Norway, all of the known wooden trackways of medieval date are footpaths or bridle
ways and are not large enough for wheeled transport (Smedstad 2001). This suggests that 
wheeled transport was not dominant at that time, and that the use of boats and pack animals 
was more important. 

Into and across the wetlands 

Crossing a short stretch of wetland is a very common function of wooden trackways. For 
obvious reasons the shortest possible crossing point across a floodplain was often taken. In 
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FIGURE 21.2 Corlea 1, Iron Age road, crossing Corlea Bog, Co. Longford, Ireland (1990 
excavations) showing the 4m-wide surface of the road suitable for wheeled transport. 
(Photograph by Barry Raftery.) 

the United Kingdom this is evident in the prehistoric, Roman, and medieval periods (Wylie 
1884; Neumann 1998: 100-101; Chapman et al. 1998: 225; Smith 1911; Evans 1885; Varley 1968; 
Van de Noort 1995: 323-34; 1997; Brunning 2010). The same pattern is evident in the Norwe
gian medieval causeways (Smedstad 2001). 

In the Somerset Levels, many trackways connected the surrounding hills to islands of hard 
geology, or linked the islands together over distances up to 2.5km (Coles et al. 1976a; 1973; 
Coles and Orme 1976a; 1976b; Coles and Orme 1979; 1981; 1984; Bulleid 1933; Godwin 1960; Coles 
and Orme 1976c; 1978a; Coles et al. 1988; Coles et al. 1975; Coles et al. 1982). The Kate's Pad 
track in Lancashire has also been traced over the considerable distance of 2-4km across Pil
ing Moss (Anon. 1851; Edwards 1991), 

The same function of trackways linking up areas of dryland in a wetland-dominated 
landscape can be seen in Ireland, the Netherlands, Denmark, and Germany (Raftery 1996; 
Casparie 2005; Coles and Coles 1989; Hayen 1987). In the Lake Diimmer area in Germany, 
some of the tracks covered distances of 3-4km across the bog (Metzler 2003); those at 
Bourtangarveen in the Netherlands, up to 4km (Casparie 2005). Even short trackways 
could form important parts of much longer routes. The two Iron Age tracks at Smilde in 
the Netherlands, although only 280m and 170m long, provided crucial crossings of wet 
areas for a 9km route over the sand ridges at the edge of the Smilde bogs (Casparie 2005). 
In Ireland, the large Iron Age roads at Corlea 1 and Derraghan More crossed separate 
bogs but together created a major east-west regional route across the peatlands (Raftery 
1996: 418ff.). 
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Sometimes a problem area of just a few metres had to be crossed as part of a much 
longer route that did not require enhancement elsewhere. Several examples have been 
recorded from Somerset and from the Irish bogs, where they have been termed 'puddle 
toghers' and more recently 'tertiary toghers' (Coles and Orme 1978b; Godwin 1960; 
Coles and Hibbert 1968; Coles et al. 198sa; IAWU 1995: 204; McDermott 2007). Other 
tracks in Somerset covering distances of 23-60m are thought to represent routes that 
required longer, but still intermittent, wooden structures to cope with particularly wet 
conditions along certain stretches (Godwin 1960; Coles and Hibbert 1968; Coles et al. 
198sa; Orme et al. 1985b; Coles and Orme 1977a; Rackham 1977; Hibbert 1977; Orme 
et al. 1985a). Similar structures in Ireland IS-lsom in length have been termed 'second
ary toghers' (McDermott 2007). 

The Tinneys complex of Middle Bronze Age trackways from Somerset provides several exam
ples of short wooden trackways .between Ism to just over 200m in length (Coles and Orme 
1978b; Beckett 1978; Coles and Orme 1980). These tracks and the Neolithic Baker Track (Coles 
et al. 1980; Coles and Orme 1982) were located in the wetter lagg of a raised bog and did not 
extend further across the drier parts of the bog. The same phenomenon has been noted on the 
central Irish bogs where there are several examples of short, usually 20-30m long, trackways 
crossing the wetter fringes of raised bogs (Raftery 1996: 197; McDermott 2007). 

Some later prehistoric trackways are thought to have been built into the bog to facilitate 
the collection of bog iron. This is known to have been an important source of the metal in 
Ireland, but no trackway in that country has been proven to fulfilled such a role. Bohlenweg 
XLII in Wittemoor in Germany may have been used to get bog iron ore although this is not 
certain, and the track also links the dryland to a river (Coles and Coles 1989). In the north
east Netherlands four trackways are thought to have been created to provide access to bog 
iron ore (Casparie 2005: 403). 

Water channel crossings 

River channels always posed a significant hazard to communication. It is beyond the scope 
of this chapter to examine the history of bridges, but many channels were crossed by short 
trackways or causeways. Several examples are known from the UK. At Yarnton, timber and 
composite wood and stone causeways 11-32m long do not cross the floodplain but are merely 
deSigned to traverse the numerous river palaeochannels that lie within it (Hey and Timby 
2011). At the Eton Rowing Lake site, a hurdle trackway was built among the piles of an earlier 
bridge across a palaeochannel that had partially silted up but was obviously still an obstacle 
to communications (AlIen 2002). The Bramcote Green tracks crossed a boggy area in a 
silted-up old channel between Bermondsey island and high ground to the south (Thomas 
and Rackham 1996). 

Some trackways in palaeochannels had more specific roles. Track 473 at Caldicot (Nayling 
and Caseldine 1997) and track 18128/18192 at Yarnton (Hey and Timby 2011) are both inter
preted as features that may have been created to help build other structures. At Caldicot the 
subsequent structure was a bridge and at Yarnton a stone and timber causeway. 

Survey and excavation in the intertidal zone in the UK has provided numerous examples 
of small palaeochannels traversed by prehistoric wooden structures in the Blackwater, Sev
ern, and Humber estuaries (Wilkinson and Murphy 1995; Bell et al. 2000: 307-9; Trett 1988; 
Lillie et al. 1999: 230-34). Similar structures are known from Ireland, such as the Iron Age 
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hurdle crossing of a tidal creek at Newrath, County Kilkenny (Wilkins 2007: 68-70; Tim
pany 2008: 22-3). 

Beaver dams provide useful ways for humans to cross rivers (Coles 2006). The Sutton 
Hams 'trackways' and the Baker 'platform' in Somerset may both be examples of beaver 
structures reused by humans to help cross bodies of water (Coles 2006). 

Trackways and platforms 

Some trackways in the UK did not simply traverse areas of difficult terrain, but instead led to 
platforms within the wetlands. Platforms existed both beside and at the end of trackways 
(Godwin 1960; Coles 1972; Meddens 1996: 327-9; Tomalin et al. in press; Coles et al. 1980; 
Coles and Orme 1982; Chapman and Gearey 2006; Greatorex 1995; 1998). The functions of 
these platforms are not conclusively proved, partly because only the Shinewater Park site in 
Sussex has produced Significant quantities of artefacts (Greatorex 1995; 1998). Hunting plat
forms have been suggested as a function of the Platform Track features in Somerset (Coles 
1972), while some form of ritual purpose is loosely proposed at Lindholm in Humberside 
(Chapman and Gearey 2006). 

Many small platforms have also been recorded in the Irish bogs. The Edercloon complex 
of trackways and platforms provides the most concentrated example (McDermott et al. 
2009). At that site a ritual activity may have taken place but there, as in the majority of the 
cases, it remains hard to assign definitive functions to such structures. 

Status and society 
Substantial trackways would have required the use of much valuable timber and enormous 
quantities of physical labour. The late Iron Age 'Valthe Bridge' in the Netherlands, for example, 
used 3,000 oak, alder and hazel trees, utilizing 150ha of woodland (Casparie 2005: 405). Even 
earlier in the Neolithic period, the creation oflengthy structures such as the Sweet Track in the 
UK or Bohlenweg XV and Pr31 in Germany must represent substantial efforts by a wider com
munity. It is tempting to see such structures as products of some central authority, and their 
creation as a visible expression of power and prestige. In a much later period, the formation of 
wooden tracks across the bogs of Norway between the 9th and 15th centuries AD have been 
linked to the existence ofincreasingly centralized authority over that time (Smedstad 2001). 

Duration of structures 

It is very difficult to estimate the duration of wooden trackways and causeways in boglands. 
The simple brushwood structures probably had a functional life ofless than ten years. Where 
dendrochronological analysis has been successful, a more precise estimate can be given. The 
early Neolithic Sweet Track in Somerset was built over the winter of 3807/6 BC and timbers 
were felled for its repair six years later (Hillam et al. 1990). Experimental archaeology has 
shown that some components of the track would need replacing every three years. The num
bers of those elements from the excavations suggests a life of 9-12 years for the structure 
(Coles and Brunning 2009). At the Iron Age road at Corlea in Ireland, analysis of the 
condition of the timbers and the growth of the associated peat suggests the road may only 
have been in use for ten years or even less (Casparie 1996: 374). In contrast, a Bronze Age 
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corduroy trackway near Bad Buchau in the Federsee, Germany, is thought to have been 
renewed twice at 50-year intervals, with the three layers eventually forming a 9m -wide struc
ture (Schlichtherle and StrodeI1999). A life of several hundred years has been suggested for 
the substantial plank trackway, Bohlenweg VI, in Germany (Coles and Coles 1989). 

In some areas trackway construction appears to have been carried out over even longer 
periods, although perhaps intermittently. In north Zealand in Denmark, the same route at 
Tibirke was used over most of the first millenium BC (Coles and Coles 1989). In that area, 
wooden trackways were replaced by a post and stone causeway, then a row of stepping stones 
and finally, around 200 BC, a heavy stone-built road. At Edercloon in Ireland, a small 170 x 
30m area has yielded 26 trackways and five platforms representing activity from the Neo
lithic to the early medieval periods (see Fig. 21.1) (McDermott et al. 2009). In other cases, 
such as at Bloomhill and Lemanaghan, early medieval wooden trackways were repaired and 
rebuilt with later wooden and st?ne phases for up to 700 years until falling out of use in the 
medieval period, possibly due to a decline in church patronage (Breen 1988; McDermott 
1995; 0 Carroll 2001a; 2001b). The life history of individual structures is problematic to 
untangle, but the evidence suggests that the location remained an important communica
tion focus over many millennia. 

TRACKWAYS AND RITUAL DEPOSITION 

Many trackways have produced artefactual evidence suggestive of a possible ritual function. 
The Sweet Track in Somerset has produced probably the greatest range of artefacts of any track
way in the UK. These include very fine pottery, stone axes, arrowheads, yew pins, wooden 
bowls and stirrers, deposits of hazelnuts in pots, a toy wooden axe, a possible bow, and a pol
ished jadeite axe from the Alpine region (Coles et al. 1973; Coles and Orme 1976b; 1979; 1981; 
1984; Coles and Brunning 2009). Some of these items may represent accidental loss, but the 
wealth of artefacts and the fact that the axes were unhafted and unused suggests that ritual 
deposition as offerings is a more likely cause. Unlike virtually all other trackways in England 
and Wales, the immediate environment of the structure was a reed swamp where there would 
have been shallow standing water all year round. This is very significant because of the well
known link between water and votive deposition (e.g. Bradley 1990). 

Recent excavations in Ireland ofIron Age sites at Annagholty (Taylor 2008) and Eder
cloon (Moore 2008) have recovered significant assemblages including wooden vessels, 
wooden spears or shafts, a mallet, a yoke, and wheel fragments, some, although broken, 
showing no signs of wear. Such finds parallel the earlier excavations at Corlea Iron Age road 
(Raftery 1996: 263ff.) and contrast with excavations of smaller sites and those of other peri
ods suggesting the deliberate and symbolic deposition of some of the objects (Moore 2008; 
McDermott et al. 2009). Deposition of animal bone and pottery is sometimes associated 
with trackways such as the Upton Track in Gwent, where Iron Age pottery and animal bone, 
including several large horse skulls, were found in the same palaeochannel as the track (Bell 
et al. 2000: 307-9; Trett 1988). The considerable quantities of animal bone recovered from 
beside the wood and stone causeway (13012) at Yarnton have been taken as evidence oflarge
scale feasting taking place on the causeway itself (Hey and Timby 2011). The Late Bronze Age 
Shinewater Park track in East Sussex produced Significant quantities of animal bones, 
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pottery, flint, and other artefacts, possibly related to activity on a nearby platform (Greatorex 

1995; 1998). 

Boats and wheels 
Some votive deposition beside trackways involves the remains of other forms of transport. 
In the UK the remains of a dugout canoe with the Shardlow Quarry causeway and sewn boat 
planks at the Goldcliff 1124 and Caldicot 473 trackways could all be taken as deliberate struc
tured deposition of meaningful objects (Garton et al. 2001; Bell et al. 2000; Nayling and 
Caseldine 1997). It is also possible that they merely represent reuse of redundant timbers. 

In the Grosse Moor in Germany, numerous wheel and cart fragments have been found in 
association with substantial prehistoric trackways (Coles and Coles 1989). These could be a 
product of accidental loss during us~ of the routes, but may represent deliberate ritual depos
its. At Edercloon in Ireland, three wheel fragments of Bronze Age, Iron Age, and early medi
eval date have been excavated in association with the complex of trackways and platforms 
(McDermott et al. 2009). As none of the trackways was suitable for wheeled transport, ritual 
deposition seems likely. 

Human remains 
Human remains have been recorded in association with four UK trackways. The Sutton 
Hams structures in Somerset, whether primarily of anthropogenic or beaver origin, pro
duced a fragment of human skull (Norman and Clements 1979), and large numbers of human 
skulls and a wide variety of animal bones were recovered from the Lingley Fen site (Pullinger 
et al. 1982). At West Furze site in Holderness, a looped bronze spearhead and a human skull 
were directly associated with the possible trackway, and two other skulls were found in the 
same area (Smith 1911; Evans 1885; Varley 1968; Van de Noort 1995). At the Brigg causeway a 
human jaw was stratified beneath the end of one plank, and bones of deer, ox, sheep, and dog 
were also found 'about the level of the road' (Wylie 1884). This evidence raises the possibility 
of the deliberate deposition of human heads after the removal of soft tissue, possibly by 
excarnation. Skull deposition is also evident from ritual and settlement sites in wetlands (e.g. 
Pryor 2001; Brunning 1998; Coles and Minnitt 1996). The acidity of most raised bogs means 
that such bone evidence would not have survived in the majority of trackway locations. 

Anthromorphic figurines 
Human figurines have been found in association with several trackways. The most famous 
are those associated with Bohlenweg XLII(Ip) in Wittemoor in northern Germany (Hayen 
1965; 1971; van der Sanden and Capelle 2001). In one place this Iron Age trackway crossed a 
small stream, where the trackway broke up. This spot was marked by small fires and two 
marker posts either side of the track (see Fig. 21.3). Two tall wooden figures were positioned 
on opposite sides, one in a perforated plank and the other on a small peat hummock, sur
rounded by small sticks and stones that may have been offerings (Coles and Coles 1989). 

A wooden anthropomorphic figurine, the 'God dolly', was recovered between the Neolithic 
Bell tracks A and B in Somerset, representing the earliest carved human figurine (C.3400 BC) 

in England (Coles and Hibbert 1968). 
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FIGURE 21.3 Reconstruction of Trackway XLII(Ip), Wittemoor, Lower Saxony, Germany, 
constructed between 135 and 129 BC. Fires and stylized human figures of wood and fires 
were located close to where the road crossed a stream. (From Hayen 1971.) 

The end of one of the substructure runners at the Iron Age road at Corlea was interpreted 
as a highly stylized human head similar to a Neolithic example from Trackway XV(Le), 
Lower Saxony, Germany, and figures from elsewhere in Germany and Denmark (Raftery 
1996: 286). A series of Bronze Age figures with a stylized head and pronounced ribs formed 
of deeply cut notches have been recovered within and close to trackways in Cloncreen Bog 
and Ballykeane Bogs in Ireland (Murray et al. 2002; Corcoran 2003; McDermott et al. 2003) 

and are very similar in from to a figure from Ribild in Denmark (van der Sanden and Capelle 
2001; Stanley 2007). 

TRACKWAYS AND CHANGING 

WOODLAND LANDSCAPES 

The material used in wooden trackways and causeways holds precious information on the 
character and composition of early woodland and how natural and anthropogenic forces 
altered it. Analysis of the timbers used in the early Neolithic Sweet Track in Somerset pro-
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vides evidence not only of the untouched primary forest but also of the secondary woodland 
that was being created by these first farming communities (Hillam et al. 1990; Coles and 
Brunning 2009). The analysis of material from all the prehistoric trackways in Somerset 
suggests that both underwood and timber-producing woodlands were carefully managed, 
with only alder fen woodland retaining its wild character in the Neolithic and Bronze Age 
(Brunning 2007). 

Prehistoric coppice management of woodland has been inferred from the analysis of 
roundwood used in hurdle trackways. Coppicing is where the main trunk of a tree is cut 
back at ground level to encourage the production of numerous side shoots that grow quickly 
and straight with few side branches, making them ideally suited for hurdle production. 
Neolithic and Bronze Age wood showing the characteristics of coppice management have 
been identified on the Blakeway, Garvin's, Walton Heath, Walton' 83 , Rowland's, Eclipse, 
Honeybee, Tones', East Moors, Tinr:ey's, and Stileway tracks (Rackham 1977; Coles et al. 
1982; Coles et al. 1985a; Godwin 1960; Morgan 1977; Orme et al. 1980; 1985b). Hazel was 
used for the majority of these structures, with alder only dominant in the Stileway and Dif
ford's 4 tracks. Re-examination of this evidence suggests that the modern system of clearing 
areas of coppice on a strict rotation to produce an annual crop was not followed in prehis
tory. Instead, young material between 3 and 8 years of age was harvested as and when the 
need arose (Brunning 2007). 

It is hard to be conclusive about the extent of managed woodland in Prehistory. It has been 
suggested that the 6,000 rods, sails, pegs, and brushwood required for the Walton Heath 
track represent the annual production of 10-20ha of underwood (Coles and Orme 1977a: 
24). This may be an overestimate, as hazel on a 7-1O-year rotation could have 1,500-2,000 
stools per hectare. producing 10,000-20,000 shoots when cut (Crowther and Evans 1986: 
11-14), so enough for the trackway from under 1ha. The 1,000 hurdles needed to extend the 
Eclipse trackway between the Poldens and Meare Island would have needed at least 45,000 
rods and sails (see Fig. 21.4). This means that (using the Crowther and Evans figures) the 
Eclipse track would require roughly 3-4.5ha of mature coppice or the annual production of 
24-36ha of coppice woodland being cut on an eight-year rotation. 

Coppiced woodland was also exploited in other countries. In the Netherlands, the late 
Iron age 'Hurdle Track' (Bou XIV) was made from willow cropped on a four-year cycle 
(Casparie 2005). Wood studies in Ireland have shown the management of hazel woods for 
wattle production (Stuijts 2005). 

Many trackways used material gathered from woodland growing on or at the edge of the 
bog, but many of the longer trackways used wood obtained from a wider landscape. On the 
Grosse Moor am Dummer in Germany, dendrochronological analysis has shown that one 
stand of oak trees felled in 713 BC was used to provide planks for two trackways, Bohlenweg 
XII and IX, that were 40km apart (Coles and Coles 1989). 

TRACKWAYS, CHRONOLOGY, AND CLIMATE 

In Ireland, radiocarbon dating and dendrochronological dating programmes indicate that 
trackways typically date to the early to middle Neolithic, the Middle and Late Bronze Age (in 
particular), the early Iron Age (c. 500-300 BC), and throughout the early medieval and late 
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FIGURE 21.4 The Middle Bronze Age Eclipse track, Somerset Levels, UK, was a 2km path
way formed of roughly 1,000 woven panels, using 45,000 coppiced hazel rods. (Photograph 
by Somerset Levels Project.) 

medieval periods (McDermott 2007; Plunkett and McDermott 2007: 286) . Regional and 
local differences in chronology do not always fit with these overall patterns, and there is 
evidence that natural events such as sudden bog bursts had a serious impact upon human 
activity in boglands (e.g. Gowen et al. 2005; see Fig 21.5). Nonetheless, the periods of 
increased trackway construction as indicated by dendrochronology appear to correspond to 
some extent to specific phases of climate change and particular events, in the Middle Bronze 
Age (c.1628 BC) and Late Bronze Age (C.1159 BC) and at the beginning of the early medieval 
period (C.AD 540) (Bailllie and Brown 1996; 2002; McDermott 2001: fig. 10). Warmer, drier 
periods, when trackway construction on bogs would have been easier, periods of increased 
cold and rainfall, deteriorating environments, and societal collapse have all been invoked as 
causal factors in such building. The increase in construction in the Middle Bronze Age and 
Late Bronze Age may alternatively relate to the increased use of wetlands generally, and the 
growth and expansion of settlement landscapes across this period (Fig. 21.6). 
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FIGURE 21.5 Late Bronze Age/Iron Age trackway (778-423 cal BC) crossing a bog at 
Cooleeny 31, Derryville Bog, Co. Tipperary, Ireland, that was badly affected by a bog burst 
not long after its construction. (From Gowen et al. 2005: 255.) 

Undoubtedly, social, cultural or technological factors are involved-as people showed an 
increased interest in the resources of the bog itself, or as regional or local politics either hin
dered or encouraged movement across the landscape. At Derryville, Co. Tipperary, trackway 
construction might have related to the perceived value of the bog itself and the nature of 
activity on it across time, with a shift from marginal resource exploitation in the Early to 
Middle Bronze Age through to a more complete integration of the bog into the broader land
scape by the early medieval period (Cross May et al. 2001a; 200lb; Plunkett and McDermott 
2007: 287). 

The dating evidence from England and Wales provides some Significant differences 
and some similarities to the Irish evidence. Of the 182 prehistoric wooden trackways from 
England, Scotland, and Wales, 42 are ofNeolithic date, 86 of Bronze Age, 35 Iron Age, and 
19 of unspecific prehistoric date. In general there is a far more even spread of dated tracks 
from the early Neolithic to the Iron Age, with two periods when very few trackways have 
been discovered between 0 BC and 100 BC and 1550 BC to 2450 BC. The low numbers of 
Iron Age trackways are somewhat masked by the very long calibrated age ranges of many 
of the structures. As in Ireland, one probable cause of this distribution is the destruction 
ofIron Age features before recording took place. This is certainly the case with the Som
erset peatlands, and is partly also true of the Fens. The lower numbers of trackways in the 
early Bronze Age and Later Neolithic are harder to attribute to any bias in archaeological 
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FIGURE 21.6 Middle and Late Bronze Age brushwood and hurdle trackways at Derryoghil 
(D), Co. Longford, Ireland. Calibrated radiocarbon dates for D19 and D19a (1633-1454 BC); 

D20 (1208-930 BC); D21 (1298-1026 BC); D23 (1194-934 BC) and D24 (1017-839 BC) indicate 
repeated trackway construction across several centuries-and multiple generations-in the 
one place adjacent to this bog island in wetlands. (After Raftery 1996: 146.) 

detection because of the large numbers known before and after them. It seems more likely 
that an underlying environmental influence may be the reason. One explanation is that 
there was a slightly drier climate that made wetland areas easier to cross without the aid 
of wooden structures. 

Magny (2004) has suggested four proxy climate records as the most useful from the wet
land archaeological viewpoint, and has used them to suggest climatic explanations of 
changes in prehistoric lakeside settlement in Europe. Of these four, two criteria seem most 
directly related to past climatic shifts. These are the atmospheric residual 14C based on tree
ring records (Stuiver et al. 1998), which can be used as a proxy for past changes in solar activ
ity, and peaks of Ice Raft Debris (IRD) in the North Atlantic marking cooler events. 

The observed clustering of the radiocarbon-dated wooden trackways in the UK appears to 
correlate very well with the periods of cooler wetter climate indicated by these two sources. 
The exception is the cluster of UK trackway dates between C.1000 and 800 cal BC that 
occurred during a generally drier warmer period. The low numbers of trackways between 
C.2450 and 1550 cal BC correspond to a period when there were few extreme periods of cooler, 
wetter climate. 
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Detailed palaeoenvironmental analysis of trackway sites is required to validate or refute 
this correlation with climate. Unfortunately, very few sites in the UK and Ireland have well
studied and tightly dated environmental analysis. The Sweet Track has one of the most 
closely dated environmental sample columns of any of the structures, but even in that case, 
where the year of construction is known from dendrochronology, there was a problem in 
tying the observed changes in environment to such very specific dates (Wells et al. 1999). 

Despite these reservations, the onset of wetter conditions has been suggested as a reason 
for the need for trackway construction at the Sweet Track, where a rapid rise in the water 
table, possibly connected with coastal change, is possible between the creation of the Post 
Track in 3838 BC and the Sweet Track in 3806 BC (Wells et al. 1999). This period is charac
terized by evidence of a wetter, and in places colder, climate from Ireland to Poland and 
Italy (Bauerochse 2003: 74). In the Diimmer area of northern Germany it can be related to 
the construction of Trackway Pr34 that was soon overwhelmed by the expansion of a lake, 
presumably because of increased precipitation. The three radiocarbon dates for that track
way suggest that it was constructed sometime between 3958 and 3725 cal BC (Bauerochse 
2003: 71-5). 

In Somerset, numerous trackways have been associated with two episodes of Bronze Age 
calcareous flooding of the raised bog surface and the development of sedge fen, first identi
fied by Godwin (1960). These include the Westhay, Meare Heath, Godwin's, Stileway, Stile
way '75 and '76, Tollgate, Shapwick Heath, Withy Bed Copse, Skinner's Wood, Platform, 
Viper's, and Nidons tracks (Clapham and Godwin 1948; Girling 1982; Godwin 1960; Coles 
and Orme 1976c; 1978a; Coles et al. 1988; Coles et al. 1985b; 1985b; Coles et al. 1975; Coles 
1972). The track at Bellot Street, Greenwich, was built at a similar time to the Meare Heath 
Track, possibly in response to a transgression event across the floodplain (Philip and Garrod 
1994). The radiocarbon dates of these trackways show two clusters relating to the two 'flood
ing' events. The plots of climatic data show two phases of cooler wetter climate in Europe at 
the same time as these clusters in the radiocarbon dates. 

CONCLUSIONS 

Archaeological work on roads and trackways across wetlands has been concentrated in a 
small number of countries, most notably Germany, the UK, the Netherlands, and above all 
in Ireland. The character and purpose of the structures varies enormously. Many were short 
structures facilitating passage across a particularly wet patch or channel, while others were 
part oflong-distance communication routes. Passage into the wetlands, to platforms, or to 
channels was facilitated as well as passage across. 

As well as facilitating access to and across wetlands, the structures could also perform many 
other functions in society. They could be very visible expressions of power and prestige, 
reflecting directly upon their creators. Their construction may also have provided a bonding 
experience for a social group in a similar way to the creation of other communal monuments. 
Alternatively, if a local community was required to create and maintain the structures, they 
could be viewed as symbols of oppression by authority. Abundant evidence for the ritual dep
osition of a variety of objects, and sometimes human remains, beside the structures demon
strates that they could also perform a religious function in prehistoric society. 
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Analysis of the structures has helped to reveal the transient character of human activity, 
where events happen quickly and the fruits of considerable labour could disappear after only 
a few years. The routes that were maintained over decades were the rare expressions of con
tinuing commitment in a dynamic landscape. The trackways and roads also allow a rare 
opportunity to understand how the hugely important arboreal resources were managed and 
exploited by prehistoric and medieval communities. As with other aspects of wetland archae
ology, it is possible to look beyond the site and examine the structures against the changing 
natural and managed landscape and the backdrop of significant variations in climate. 
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Foreword 
Noise is one of the most important environmental risks to health and continues to be a growing 
concern among policy-makers and the public alike. Based on the assessment threshold specified in 
the Environmental Noise Directive of the European Union (EU), at least 100 million people in the EU 
are affected by road traffic noise, and in western Europe alone at least 1.6 million healthy years of life 
are lost as a result of road traffic noise.

At the request of Member States at the Fifth Ministerial Conference on Environment and Health in 
Parma, Italy, in March 2010, the WHO Regional Office for Europe has developed these guidelines, 
based on the growing understanding of the health impacts of exposure to environmental noise. 
They provide robust public health advice, which is essential to drive policy action that will protect 
communities from the adverse effects of noise.

These WHO guidelines – the first of their kind globally – provide recommendations for protecting 
human health from exposure to environmental noise originating from various sources. They not only 
offer robust public health advice but also serve as a solid basis for future updates, given the growing 
recognition of the problem and the rapid advances in research on the health impacts of noise. 
The comprehensive process of developing the guidelines has followed a rigorous methodology; 
their recommendations are based on systematic reviews of evidence that consider more health 
outcomes of noise exposure than ever before. Through their potential to influence urban, transport 
and energy policies, these guidelines contribute to the 2030 Agenda for Sustainable Development 
and support WHO’s vision of creating resilient communities and supportive environments in the 
European Region.

Following the publication of WHO’s community noise guidelines in 1999 and night noise guidelines 
for Europe in 2009, these latest guidelines represent the next evolutionary step, taking advantage of 
the growing diversity and quality standards in this research domain. Comprehensive and robust, and 
underpinned by evidence, they will serve as a sound basis for action. While these guidelines focus on 
the WHO European Region and provide policy guidance to Member States that is compatible with 
the noise indicators used in the EU’s Environmental Noise Directive, they still have global relevance. 
Indeed, a large body of the evidence underpinning the recommendations was derived not only from 
noise effect studies in Europe but also from research in other parts of the world – mainly in Asia, 
Australia and the United States of America.

I am proud to present these guidelines as another leading example of the normative work undertaken 
in our Region in the area of environment and health. On behalf of the WHO Regional Office for Europe 
and our European Centre for Environment and Health in Bonn, Germany, which coordinated the 
development of the guidelines, I would like to express my gratitude to the large network of experts, 
partners, colleagues and consultants who have contributed to this excellent publication. I would also 
like to thank Switzerland and Germany for providing financial support to this complex project, and 
look forward to following the influence of the guidelines on policy and research in the years to come. 

Dr Zsuzsanna Jakab

WHO Regional Director for Europe



viii

Acknowledgements
The WHO Regional Office for Europe thanks all members of the Steering Group, Guideline 
Development Group, Systematic Review Team and External Review Group for their invaluable 
contributions in the guidelines development process.

The WHO Regional Office for Europe, through its European Centre for Environment and Health, 
coordinated the development of these guidelines. The project was coordinated by Marie-Eve Héroux 
and Dorota Jarosinska, under the overall supervision of Elizabet Paunovic, Head of the European 
Centre for Environment and Health.

The members of the Steering Group were: Shelly Chadha, Carlos Dora, Rokho Kim, Jurgita 
Lekaviciute, Srdan Matic, Julia Nowacki, Poonum Wilkhu and Joerdis Wothge (see Annex 1 Table 
A1.1 for affiliations).

The members of the Guideline Development Group were: Stephen Stansfeld (Chair), Wolfgang 
Babisch, Goran Belojevic, Mark Brink, Sabine Janssen, Peter Lercher (2013–2014), Marco Paviotti, 
Göran Pershagen, Kerstin Persson Waye, Anna Preis, Martin van den Berg and Jos Verbeek 
(methodologist) (see Annex 1 Table A1.2 for affiliations).

The Systematic Review Team comprised the following experts: Mathias Basner, Lex Brown, Charlotte 
Clark, Payam Dadvand, Maria Foraster, Rainer Guski, Sarah McGuire, Mark Nieuwenhuijsen, Katarina 
Paunovic, Göran Pershagen, Gordana Ristovska, Maribel Casas Sanahuja, Dirk Schreckenberg, 
Rudolf Schuemer, Mariola Sliwinska-Kowalska, Kamil Rafal Zaborowski, Irene Van Kamp and Elise 
van Kempen (see Annex 1 Table A1.3 for affiliations).

The project’s External Review Group had the following members: Gunn Marit Aasvang, Bernard 
Berry, Dick Botteldooren, Stephen Conaty, Yvonne de Kluizenaar, Ulrike Gehring, Truls Gjestland, 
Mireille Guay, Ayse Güven, Anna Hansell, Stelios Kephalopoulos, David Michaud, Arnaud Norena, 
Enembe Okokon, Dieter Schwela, Daniel Shepherd, Mette Sörensen, Rupert Thornley-Taylor and 
David Welch (see Annex 1 Table A1.4 for affiliations).

The WHO Regional Office for Europe gratefully acknowledges funding and in-kind contributions 
from the Swiss Federal Office for the Environment; the German Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety; and the German Environment Agency for this activity. 



ix

Abbreviations
%HA  percentage of the population “highly annoyed”

%HSD  percentage of the population “highly sleep-disturbed”

BMI  body mass index

CI  confidence interval

CNG  WHO guidelines for community noise

DALY   disability-adjusted life-year

dB  decibel 

DW   disability weight

EC  European Commission

EEA  European Environment Agency 

END  European Union Directive 2002/49/EC relating to the assessment and   
  management of environmental noise (Environmental Noise Directive)

ERF  exposure–response function

EU   European Union

GDG  Guideline Development Group 

GRADE Grading of Recommendations Assessment Development and Evaluation 

ICBEN  International Commission on Biological Effects of Noise

IHD  ischaemic heart disease

JRC  Joint Research Centre [of the European Commission]

mmHg  milimeters of mercury

NNG   WHO night noise guidelines for Europe

OR  odds ratio

PECCOS population, exposure, comparator, confounder, outcome and study [framework]

PICOS  population, intervention, comparator, outcome and study [framework]

PLD  personal listening device

RANCH Road traffic and aircraft noise exposure and children’s cognition and health [study]

RCT   randomized control trial

RR  relative risk

SCENIHR Scientific Committee on Emerging and Newly Identified Hazards and Risk



x

Glossary of acoustic terms
A-weighting  A frequency-dependent correction that is applied to a measured or   
   calculated sound of moderate intensity to mimic the varying sensitivity of  
   the ear to sound for different frequencies
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   for peak measurements

FAST    Fast response has a time constant of 125 milliseconds on a sound level  
   meter
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Executive summary
Environmental noise is an important public health issue, featuring among the top environmental risks 
to health. It has negative impacts on human health and well-being and is a growing concern among 
both the general public and policy-makers in Europe. 

At the Fifth Ministerial Conference on Environment and Health in Parma, Italy, in 2010, WHO was 
requested by the Member States in the European Region to produce noise guidelines that included 
not only transportation noise sources but also personal electronic devices, toys and wind turbines, 
which had not yet been considered in existing guidelines. Furthermore, European Union Directive 
2002/49/EC relating to the assessment and management of environmental noise (END) and 
related technical guidance from the European Environment Agency both elaborated on the issue of 
environmental noise and the importance of up-to-date noise guidelines. 

The WHO Regional Office for Europe has therefore developed environmental noise guidelines for 
the European Region, proposing an updated set of public health recommendations on exposure to 
environmental noise.

Objectives
The main purpose of these guidelines is to provide recommendations for protecting human health 
from exposure to environmental noise originating from various sources: transportation (road traffic, 
railway and aircraft) noise, wind turbine noise and leisure noise. Leisure noise in this context refers to 
all noise sources that people are exposed to due to leisure activities, such as attending nightclubs, 
pubs, fitness classes, live sporting events, concerts or live music venues and listening to loud music 
through personal listening devices. The guidelines focus on the WHO European Region and provide 
policy guidance to Member States that is compatible with the noise indicators used in the European 
Union’s END. 

The following two key questions identify the issues addressed by the guidelines.

•	In the general population exposed to environmental noise, what is the exposure–response 
relationship between exposure to environmental noise (reported as various indicators) and the 
proportion of people with a validated measure of health outcome, when adjusted for confounders?

•	In the general population exposed to environmental noise, are interventions effective in reducing 
exposure to and/or health outcomes from environmental noise? 

In light of these questions, the guidelines set out to define recommended exposure levels for 
environmental noise in order to protect population health. 

Methods used to develop the guidelines 
The process of developing the WHO guidelines followed a rigorous methodology involving 
several groups with separate roles and responsibilities. Throughout the process, the Grading of 
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Recommendations Assessment, Development and Evaluation (GRADE) approach was followed. In 
particular, the different steps in the development of the guidelines included: 

•	formulation of the scope and key questions of the guidelines;

•	review of the pertinent literature; 

•	selection of priority health outcome measures; 

•	a systematic review of the evidence; 

•	assessment of certainty of the bodies of evidence resulting from systematic reviews; 

•	identification of guideline exposure levels; and

•	setting of the strength of recommendations. 

Based on the defined scope and key questions, these guidelines reviewed the pertinent literature 
in order to incorporate significant research undertaken in the area of environmental noise and 
health since the community noise guidelines and night noise guidelines for Europe were issued 
(WHO, 1999; WHO Regional Office for Europe, 2009). In total, eight systematic reviews of evidence 
were conducted to assess the relationship between environmental noise and the following health 
outcomes: cardiovascular and metabolic effects; annoyance; effects on sleep; cognitive impairment; 
hearing impairment and tinnitus; adverse birth outcomes; and quality of life, mental health and well-
being. A separate systematic review of evidence was conducted to assess the effectiveness of 
environmental noise interventions in reducing exposure and associated impacts on health.2 Once 
identified and synthesized, the quality of the evidence of the systematic reviews was assessed by 
the Systematic Review Team. Subsequently, the Guideline Development Group (GDG) formulated 
recommendations, guided by the Systematic Review Team’s assessment and informed by of a 
number of additional contextual parameters. To facilitate the formulation of recommendations, the 
GDG first defined priority health outcomes and then selected the most relevant health outcome 
measures for the outcomes. Consecutively, a process was developed to identify the guideline 
exposure levels with the help of the exposure–response functions provided by the systematic 
reviews. To reflect the nature of the research (observational studies) underpinning the relationship 
between environmental noise and health, the GRADE procedures were adapted to the requirements 
of environmental exposure studies where needed. 

Noise indicators
From a scientific point of view, the best noise indicator is the one that performs best in predicting the 
effect of interest. There are, however, a number of additional criteria that may influence the choice 
of indicator. For example, various indicators might be suitable for different health end-points. Some 
considerations of a more political nature can be found in the European Commision’s Position paper 
on EU noise indicators (EC, 2000). 

2 All systematic reviews are publicly available online in the International Journal of Environmental Research and Public 
Health. A detailed list of links to the individual reviews is provided in section 2.3.2 and in Annex 2 of these guidelines.
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The current guidelines are intended to be suitable for policy-making in the WHO European Region. 
They therefore focus on the most used noise indicators Lden and/or Lnight (see the glossary of acoustic 
terms for further details). They can be constructed using their components (Lday, Levening, Lnight and the 
duration in hours of Lnight), and are provided for exposure at the most exposed façade, outdoors. 
The Lden and Lnight indicators are those generally reported by authorities and are widely used for 
exposure assessment in health effect studies. 

Recommendations
Specific recommendations have been formulated for road traffic noise, railway noise, aircraft noise, 
wind turbine noise and leisure noise. Recommendations are rated as either strong or conditional. 

Strength of recommendation

•	A strong recommendation can be adopted as policy in most situations. The guideline is based 
on the confidence that the desirable effects of adherence to the recommendation outweigh the 
undesirable consequences. The quality of evidence for a net benefit – combined with information 
about the values, preferences and resources – inform this recommendation, which should be 
implemented in most circumstances.

•	A conditional recommendation requires a policy-making process with substantial debate and 
involvement of various stakeholders. There is less certainty of its efficacy owing to lower quality of 
evidence of a net benefit, opposing values and preferences of individuals and populations affected 
or the high resource implications of the recommendation, meaning there may be circumstances 
or settings in which it will not apply.

Alongside specific recommendations, several guiding principles were developed to provide generic 
advice and support for the incorporation of recommendations into a policy framework. They apply 
to the implementation of all of the specific recommendations.

Guiding principles: reduce, promote, coordinate and involve 

•	Reduce exposure to noise, while conserving quiet areas.

•	Promote interventions to reduce exposure to noise and improve health. 

•	Coordinate approaches to control noise sources and other environmental health risks. 

•	Inform and involve communities potentially affected by a change in noise exposure.

The recommendations, source by source, are as follows.
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              Road traffic noise

Recommendation Strength

For average noise exposure, the GDG strongly recommends reducing 
noise levels produced by road traffic below 53 decibels (dB) Lden, as road 
traffic noise above this level is associated with adverse health effects.

Strong 

For night noise exposure, the GDG strongly recommends reducing noise 
levels produced by road traffic during night time below 45 dB Lnight, as 
night-time road traffic noise above this level is associated with adverse 
effects on sleep. 

Strong

To reduce health effects, the GDG strongly recommends that policy-
makers implement suitable measures to reduce noise exposure from road 
traffic in the population exposed to levels above the guideline values for 
average and night noise exposure. For specific interventions, the GDG 
recommends reducing noise both at the source and on the route between 
the source and the affected population by changes in infrastructure. 

Strong

             

 Railway noise 

Recommendation Strength

For average noise exposure, the GDG strongly recommends reducing 
noise levels produced by railway traffic below 54 dB Lden, as railway noise 
above this level is associated with adverse health effects. 

Strong 

For night noise exposure, the GDG strongly recommends reducing noise 
levels produced by railway traffic during night time below 44 dB Lnight, as 
night-time railway noise above this level is associated with adverse effects 
on sleep.

Strong

To reduce health effects, the GDG strongly recommends that policy-
makers implement suitable measures to reduce noise exposure from 
railways in the population exposed to levels above the guideline values for 
average and night noise exposure. There is, however, insufficient evidence 
to recommend one type of intervention over another.

Strong
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            Aircraft noise 

Recommendation Strength

For average noise exposure, the GDG strongly recommends reducing noise 
levels produced by aircraft below 45 dB Lden, as aircraft noise above this 
level is associated with adverse health effects. 

Strong

For night noise exposure, the GDG strongly recommends reducing noise 
levels produced by aircraft during night time below 40 dB Lnight, as night-
time aircraft noise above this level is associated with adverse effects on 
sleep. 

Strong

To reduce health effects, the GDG strongly recommends that policy-makers 
implement suitable measures to reduce noise exposure from aircraft in the 
population exposed to levels above the guideline values for average and 
night noise exposure. For specific interventions the GDG recommends 
implementing suitable changes in infrastructure.

Strong

            Wind turbine noise

Recommendation Strength

For average noise exposure, the GDG conditionally recommends 
reducing noise levels produced by wind turbines below 45 dB Lden, as 
wind turbine noise above this level is associated with adverse health 
effects. 

Conditional

No recommendation is made for average night noise exposure Lnight of 
wind turbines. The quality of evidence of night-time exposure to wind 
turbine noise is too low to allow a recommendation. 

To reduce health effects, the GDG conditionally recommends that policy-
makers implement suitable measures to reduce noise exposure from 
wind turbines in the population exposed to levels above the guideline 
values for average noise exposure. No evidence is available, however, to 
facilitate the recommendation of one particular type of intervention over 
another.

Conditional
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               Leisure noise3

Recommendation Strength

For average noise exposure, the GDG conditionally recommends reducing 
the yearly average from all leisure noise sources combined to 70 dB LAeq,24h 
as leisure noise above this level is associated with adverse health effects. 
The equal energy principle3 can be used to derive exposure limits for other 
time averages, which might be more practical in regulatory processes. 

Conditional

For single-event and impulse noise exposures, the GDG conditionally 
recommends following existing guidelines and legal regulations to limit the 
risk of increases in hearing impairment from leisure noise in both children 
and adults.

Conditional

Following a precautionary approach, to reduce possible health effects, 
the GDG strongly recommends that policy-makers take action to prevent 
exposure above the guideline values for average noise and single-event 
and impulse noise exposures. This is particularly relevant as a large number 
of people may be exposed to and at risk of hearing impairment through the 
use of personal listening devices. There is insufficient evidence, however, to 
recommend one type of intervention over another.

Strong

Target audience 
The guidelines are published by the WHO Regional Office for Europe. In terms of their health 
implications, the recommended exposure levels can be considered applicable in other regions and 
suitable for a global audience, as a large body of the evidence underpinning the recommendations 
was derived not only from European noise effect studies but also from research in other parts of the 
world – mainly in America, Asia and Australia. 

3 The equal energy principle states that the total effect of sound is proportional to the total amount of sound energy 
received by the ear, irrespective of the distribution of that energy in time (WHO, 1999).



1

INTRODUCTION

1. Introduction
Environmental noise features among the top environmental risks to physical and mental health and 
well-being, with a substantial associated burden of disease in Europe (WHO Regional Office for 
Europe & JRC, 2011; Hänninen et al., 2014). It has negative impacts on human health and well-
being and is a growing concern among both the general public and policy-makers in Europe. 

WHO published community noise guidelines (CNG) and night noise guidelines (NNG) for Europe 
in 1999 and 2009, respectively (WHO, 1999; WHO Regional Office for Europe, 2009). Since then, 
significant new evidence has accumulated on the health effects of environmental noise. 

The need for updated health-based guidelines originates in part from commitments made at the 
Fifth Ministerial Conference on Environment and Health in Parma, Italy, in 2010, where Member 
States asked WHO to produce appropriate noise guidelines that would include additional noise 
sources such as personal electronic devices, toys and wind turbines (WHO Regional Office for 
Europe, 2010). Furthermore, European Union (EU) Directive 2002/49/EC relating to the assessment 
and management of environmental noise (the END – EC, 2002a) and related technical guidance 
from the European Environment Agency (EEA) both elaborated on the issue of environmental noise 
and the importance of up-to-date noise guidelines (EEA, 2010). 

The WHO Regional Office for Europe has therefore developed environmental noise guidelines for 
the European Region, proposing an updated set of public health recommendations on exposure 
to environmental noise. The main purpose of these guidelines is to provide recommendations for 
protecting human health from exposure to environmental noise originating from various sources: 
transportation (road traffic, railway and aircraft) noise, wind turbine noise and leisure noise. The 
guidelines focus on the WHO European Region and provide policy guidance to Member States that 
is compatible with the noise indicators used in the EU’s END. 

The following two key questions identify the issues addressed by the guidelines.

•	In the general population exposed to environmental noise, what is the exposure–response 
relationship between exposure to environmental noise (reported as various indicators) and the 
proportion of people with a validated measure of health outcome, when adjusted for confounders?

•	In the general population exposed to environmental noise, are interventions effective in reducing 
exposure to and/or health outcomes from environmental noise? 

1.1 The public health burden from environmental noise
Exposure to noise can lead to auditory and nonauditory effects on health. Through direct injury to 
the auditory system, noise leads to auditory effects such as hearing loss and tinnitus. Noise is also 
a nonspecific stressor that has been shown to have an adverse effect on human health, especially 
following long-term exposure. These effects are the result of psychological and physiological distress, 
as well as a disturbance of the organism’s homeostasis and increasing allostatic load (Basner et 
al., 2014). This is further outlined in the WHO narrative review of the biological mechanisms of 
nonauditory effects (Eriksson et al., 2018). 
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The evidence of the association between noise exposure and health effects is based on experimental 
work regarding biological plausibility and, in observational studies, consistency among study results, 
presence of an exposure–response relationship and the magnitude of the effect. Environmental 
noise risk assessment and risk management relies on established exposure–response relationships 
(Babisch, 2014).

In 2011 the WHO Regional Office for Europe and the European Commission (EC) Joint Research 
Centre (JRC) published a report on the burden of disease from environmental noise that quantified 
the healthy years of life lost in western Europeam countries as a result of environmental noise 
(WHO Regional Office for Europe & JRC, 2011). The burden of disease is calculated, in a single 
measure of disability-adjusted life-years (DALYs), as the sum of the years of life lost from premature 
mortality and the years lived with disability for people living with the disease or health condition or its 
consequences in the general population (WHO, 2014a). 

Sufficient information was deemed available to quantify the burden of disease from environmental 
noise for cardiovascular disease, cognitive impairment in children, sleep disturbance, tinnitus and 
annoyance. The report, based on a limited set of data, estimated that DALYs lost from environmental 
noise in western European countries are equivalent to 61 000 years for ischaemic heart disease (IHD), 
45 000 years for cognitive impairment in children, 903 000 years for sleep disturbance, 22 000 years 
for tinnitus and 654 000 years for annoyance (WHO Regional Office for Europe & JRC, 2011). These 
results indicate that at least one million healthy years of life are lost every year from traffic-related 
environmental noise in western Europe. Sleep disturbance and annoyance, mostly related to road 
traffic noise, constitute the bulk of this burden. Available assessments place the burden of disease 
from environmental noise as the second highest after air pollution (WHO Regional Office for Europe 
& JRC, 2011;  Hänninen et al., 2014; WHO 2014b). However, a lack of noise exposure data in the 
central and eastern parts of the WHO European Region means that it is not possible to assess the 
burden of disease from environmental noise for the whole Region.

1.2 The environmental noise policy context in the EU
The EU has been working to develop a harmonized noise policy for more than two decades. 1993 
saw the start of the EC’s Fifth Environment Action Programme, which stated that “no person should 
be exposed to noise levels which endanger health and quality of life” (EC, 1993). This was followed 
by a Green Paper on future noise policy (EC, 1996), which reinforced the importance of noise as 
one of the main environmental problems in Europe and proposed a new framework for noise policy 
development. 

The Sixth Environment Action Programme had as one of its objectives: “to achieve a quality of 
environment where the levels of man-made contaminants do not give rise to significant impacts 
on, or risks to, human health” (EC, 2002b). This paved the way for the Commission to adopt and 
implement the END in 2002 (EC, 2002a). The main aim of the Directive is “to define a common 
approach intended to avoid, prevent or reduce on a prioritized basis the harmful effects, including 
annoyance, due to exposure to environmental noise”. 
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The END obliges the EC to adapt its Annexes I–III (I on noise indicators in addition to Lden
4 and 

Lnight
5, II on noise assessment methods and III on methods for assessing harmful effects of noise) to 

technical and scientific progress. While work on revising Annex II was finalized in 2015 and common 
noise assessment methods were introduced (EC, 2015), revisions of Annex III to establish methods 
to assess the harmful effects of noise only started in 2015. Annex III would primarily define what 
exposure–response relationships should be used to assess the effect of noise on populations. EU 
Member States have already expressed the view that the recommendations from these environmental 
noise guidelines for the WHO European Region will guide the revision of Annex III. Beside this main 
directive, few other legislative documents cover different noise sources and other related issues in 
the EU (EEA, 2014: Annex I). 

The Seventh Environment Action Programme, which guides European environment policy until 2020 
(EC, 2014a), is committed to safeguarding the EU’s citizens from environment-related risks to health 
by ensuring that by 2020 “noise pollution in the Union has significantly decreased, moving closer to 
WHO-recommended levels”. A particular requirement for achieving this is “implementing an updated 
EU noise policy aligned with the latest scientific knowledge, and measures to reduce noise at source, 
and including improvements in city design”. 

In addition to the EU’s END, several national governments also have legislation and/or limit values 
that apply at national and/or regional levels (WHO Regional Office for Europe, 2012). The EEA, 
through its European Topic Centre on Land Use and Spatial Information, gathers noise exposure 
data and maintains the Noise Observation and Information Service for Europe, based on strategic 
noise maps provided by Member States (EEA, 2018). A total of 33 EEA countries, in addition to six 
cooperating countries in south-eastern Europe, report information on noise exposure to the EEA, 
following the requirements of the END. The quality and availability of noise exposure assessment 
differs between EU and non-EU Member States where, even if noise legislation has been harmonized 
with the Directive, noise mapping and action plans are still at the planning stage (EEA, 2014; 2017a; 
WHO Regional Office for Europe, 2012).

1.2.1 Definition of indicators in the END
The END specifies a number of noise indicators to be applied by Member States in noise mapping 
and action planning. The most important are Lden and Lnight.

The Lden indicator is an average sound pressure level over all days, evenings and nights in a year 
(EEA, 2010). This compound indicator was adopted by the EU in the END (EC, 2002a). The Lden in 
decibels (dB) is defined by a specific formula, where:

•	Lday is the A-weighted long-term average sound level as defined in ISO 1996-1: 2016, determined 
over all the day periods of a year; 

•	Levening is the A-weighted long-term average sound level as defined in ISO 1996-1: 2016, determined 
over all the evening periods of a year; and 

•	Lnight is the A-weighted long-term average sound level as defined in ISO 1996-1: 2016, determined 
over all the night periods of a year (ISO, 2016). 

4 Day-evening-night-weighted sound pressure level as defined in section 3.6.4 of ISO 1996-1:20161 (ISO, 2016). 
5 Equivalent continuous sound pressure level when the reference time interval is the night.
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The Lnight, according to the definition in the END, is an equivalent outdoor sound pressure level, 
measured at the most exposed façade, associated with a particular type of noise source during 
night time (at least eight hours), calculated over a period of a year (WHO Regional Office for Europe, 
2009). 

Annex I of the END gives technical definitions for Lden and Lnight, as well as supplementary noise 
indicators, which might be useful for monitoring special noise situations. For example, in the case 
of noisy but short-lived noise like shooting noise or noise emitted by trains, LA,max is often used. This 
is a measure of the maximum sound pressure reached during a defined measurement period. It is 
used to set noise limits and is sometimes considered in studies to determine certain health effects 
(such as awakening reactions).

1.3 Perceptions of environmental noise in the WHO European Region

1.3.1 Trends at the regional level
The general population greatly values the benefits of clean and quiet environments. In Europe, people 
perceive noise as an important issue that affects human health and well-being (EC, 2008; 2014b). 
In recent years, several Europe-wide surveys have examined the perception of noise as an issue 
among the population. Overall, these surveys ask about generic noise, referring to “neighbourhood 
noise” or “noise from the street”. This type of noise differs significantly in its definition from what is 
considered “environmental noise” in these guidelines. Nevertheless, in the absence of specific large 
surveys on perceptions of environmental noise as defined in these guidelines, the results provide 
insight into the public perception of this issue.

The European quality-of-life surveys, carried out every four years, are unique, pan-European surveys 
examining both the objective circumstances of lives of European citizens and how they feel about 
those circumstances and their lives in general. The last (fourth) survey was conducted in 2016–2017, 
involving nearly 37 000 citizens from all EU Member States and the five candidate countries (Albania, 
Montenegro, Serbia, the former Yugoslav Republic of Macedonia and Turkey). Respondents were 
asked whether they had major, moderate or no problems with noise in the immediate neighbourhood 
of their home. Almost one third (32%) reported problems with noise (ranging from 14% to 51% in 
individual countries), mainly in cities or city suburbs (49%) (Eurofound, 2017).

A 2010 survey of the then 27 countries in the EU, requested by the EC, showed that 80% of 
respondents (n = 26 602) believed that noise affects their health, either to some or to a great extent 
(EC, 2010). 

A Eurobarometer report on attitudes of European citizens towards the environment (EC, 2014b) 
compiled opinions on various environmental risks from almost 28 000 respondents in 28 EU countries. 
Results showed that for 15% of respondents, noise pollution is one of the top five environmental 
issues they are worried about. Furthermore, 17% of respondents said that they lack information 
about noise pollution.
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1.3.2 Trends at the national level
Data on perception of specific sources of environmental noise as a problem are not available for 
the entire WHO European Region. Nevertheless, some countries – including France, Germany, the 
Netherlands, Slovakia and the United Kingdom – conduct national surveys on noise annoyance, 
either regularly or on demand (Sobotova et al., 2006; Lambert & Philipps-Bertin, 2008; van Poll et 
al., 2011; Centraal Bureau voor de Statistiek, 2012; Notley et al., 2014; Umweltbundesamt, 2017). 

According to these large-scale surveys, road traffic noise is the most important source of annoyance, 
generally followed closely by neighbour noise. Aircraft noise can also be a substantial source of 
annoyance. Railway noise and industrial noise are enumerated less frequently. Only limited data are 
available on the population’s perception of newer sources of noise, such as wind turbines.

While perception surveys do not provide information on actual quantitative relationships between 
noise exposure and health outcomes, it is important to note that the results of such surveys 
represent people’s preferences and values regarding environmental noise. Despite limitations and 
an incomplete picture, the available data on perception of environmental noise as a public health 
problem show concern in Europe. People are not always aware of the health impacts of noise, 
especially of those related to long-term noise exposure at lower levels. Greater awareness of the 
issue may further increase positive values and preferences.

1.4 Target audience 
The environmental noise guidelines for the European Region serve as a reference for an audience 
made up of different groups, with varied areas of expertise including decision-making, research and 
advocacy. More specifically, this covers:

•	various technical experts and decision-makers at the local, national or international levels, with 
responsibility for developing and implementing regulations and standards for noise control, urban 
planning and housing, and other relevant environment and health domains; 

•	health impact assessment and environmental impact assessment practitioners and researchers; 

•	national and local authorities responsible for developing and implementing relevant measures and 
for risk communication; 

•	nongovernmental organizations and other advocacy groups involved in risk communication and 
general awareness-raising.

These guidelines are published by the WHO Regional Office for Europe. In terms of their health 
implications, the recommended exposure levels can be considered applicable in other regions and 
suitable for a global audience, as a large body of the evidence underpinning the recommendations 
was derived not only from European noise effect studies but also from research in other parts of the 
world – mainly in America, Asia and Australia.
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2. Development of the guidelines
2.1 Overview
The process of developing WHO guidelines follows a rigorous methodology and involves several 
groups with well defined roles and responsibilities (WHO, 2014c). These include: formulation of the 
scope and key questions of the guidelines; review of the pertinent literature; selection of priority health 
outcome measures; a systematic review of the evidence; an assessment of certainty of the bodies 
of evidence resulting from systematic reviews; identification of guideline exposure levels; and setting 
of the strength of recommendations. Throughout the process, the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) approach was followed (Morgan et al., 2016).

The development of environmental noise guidelines started in 2013. Following WHO’s procedures, 
the WHO Regional Office for Europe, through its European Centre for Environment and Health in 
Bonn, Germany, obtained planning approval and established a Steering Group and a Guideline 
Development Group (GDG). The former was primarily involved in initiating, structuring and 
executing the guideline development process; the latter was composed of leading experts and 
end-users, responsible for the process of scoping the guidelines and developing the evidence-
based recommendations. During the initiation meeting in October 2013 in Bonn, the GDG members 
defined the scope of the guidelines, decided on the key questions to be addressed, prioritized health 
outcomes and set a timeline for completion of the work. Furthermore, authors were appointed for 
background papers, systematic reviews and different guideline background chapters. 

In October 2014 a main evidence review meeting was held between the GDG and the Systematic 
Review Team in Bern, Switzerland, to discuss the evidence review drafts. In October 2014 and May 
2015 the GDG met in Bern and Bonn, respectively, to refine the scope and draft recommendations. 
The revision and finalization of the systematic reviews of evidence was completed in early 2017. 
Through a series of remote meetings and teleconferences, the GDG discussed and addressed 
the remaining outstanding issues and feedback from the peer review of the draft guidelines, and 
decided on the final formulation of the recommendations. The following sections describe the steps 
of the guideline development process in detail. 

2.2 Scope of the guidelines 
Defining the scope of the guidelines included the selection of noise sources to be considered, as 
well as situations in which people are exposed, and noise indicators used for the formulation of 
recommendations. These guidelines separately consider outdoor exposure to environmental noise 
from road traffic, railway traffic, aircraft, wind turbines as well as outdoor and indoor exposure during 
leisure activities (such as attending nightclubs, pubs, fitness classes, live sporting events, concerts 
or live music venues and listening to loud music through personal listening devices). The guidelines 
are source specific and not environment specific. They therefore cover all settings where people 
spend a significant portion of their time, such as residences, educational institutions, workplaces 
and public venues, although hospital noise is exempted from the list of public institutions owing to 
the unique characteristics of the population involved. 
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The GDG agreed not to develop specific recommendations for occupational and industrial noise. 
Industrial noise can affect both people working at an industrial site and those living in its vicinity. 
The guidelines do not consider workers’ exposure to noise in industrial environments, as these 
are regulated by workplace standards and may, in some cases, require the wearing of protective 
equipment or application of other preventive and protective measures. Further, the guidelines do 
not explicitly consider industrial noise as an environmental noise source, affecting people living in 
the vicinities of industrial sites. This is mainly due to the large heterogeneity and specific features of 
industrial noise, and the fact that exposure to industrial noise has a very localized character in the 
urban population. 

Likewise, the current guidelines do not provide specific recommendations for the prevention of 
health effects linked to neighbourhood noise. Neighbourhood noise may stem from various potential 
sources of noise (such as ventilation systems; church bells; animals; neighbours; commercial, 
recreational and occupational activities; or shooting/military). As the sources may be located in close 
proximity to where people live, they can cause considerable concern even at low levels (Omlin et al., 
2011). Several of these sources can also produce low-frequency noise, and as such, require indoor 
measurements for proper exposure assessment. In general, little scientific research is available on 
exposure and health outcomes related to neighbourhood noise.

Moreover, the guidelines do not include recommendations about any kind of multiple exposures. In 
everyday life people are often exposed to noise from several sources at the same time. In Germany, 
for example, 44% of the population are annoyed by at least two and up to five sources of noise 
(Umweltbundesamt, 2015). For some health outcomes, such as obesity, new evidence indicates 
that combined exposure to noise from several means of transportation is particularly harmful (Pyko 
et al., 2015; 2017). 

Research indicates that, alongside exposure to more than one source of noise, combined exposure 
to different factors – for example, noise and vibration or noise and air pollution – has gained 
increasing relevance in recent years (Sörensen et al., 2017). The EC estimates that the social cost 
of noise and air pollution is up to €1 trillion every year (EC, 2016a). WHO acknowledges the need 
to develop comprehensive models to quantify the effects of multiple exposures on human health. 
As the main body of evidence on environmental noise still focuses on source-specific impacts of 
noise on health outcomes and does not incorporate combined exposure effects of multiple noise 
sources or other pollutants, however, the current guidelines provide recommendations for each 
source of noise specifically. No attempt has been made to combine noise from multiple sources for 
any particular health outcome.

2.2.1 Key questions
The environmental noise guidelines for the WHO European Region seek to address two main 
questions, which define the issues addressed by the guideline recommendations.

•	In the general population exposed to environmental noise, what is the exposure–response 
relationship between exposure to environmental noise (reported as various indicators) and the 
proportion of people with a validated measure of health outcome, when adjusted for confounders?

•	In the general population exposed to environmental noise, are interventions effective in reducing 
exposure to and/or health outcomes from environmental noise? 
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2.2.2 Environmental noise indicators used in the guidelines
From a scientific point of view, the best noise indicator is the one that performs best in predicting the 
effect of interest. There are, however, a number of additional criteria that may influence the choice of 
indicator because, for example, various indicators might be suitable for different health end-points 
and some indicators are more practical to use or easier to calculate than others. Some of these 
considerations are of a more political nature, as mentioned in the EC’s Position paper on EU noise 
indicators (EC, 2000).

The current guidelines are intended to be suitable for policy-making primarily in the WHO European 
Region. They are therefore based on the most frequently used average noise indicators in Europe: 
Lden and Lnight. These are often reported by authorities and are used widely for exposure assessment 
in health effect studies and noise impact assessments in the Region. The Lden (also referred to as 
“DENL”) indicator can be calculated as the A-weighted average sound pressure level, measured 
over a 24-hour period, with a 10 dB penalty added to the average level in the night (23:00–07:00 or 
22:00–06:00), a 5 dB penalty added to the evening (19:00–23:00 or 18:00–22:00) and no penalty 
added to the daytime period (07:00–19:00 or 06:00–18:00). The penalties are introduced to indicate 
people’s extra sensitivity to noise during the evening and night. The Lnight indicator is the A-weighted 
average sound pressure level, measured over an eight-hour period during night time, usually between 
23:00 and 07:00 (EC, 2002a).

In these guidelines, Lden and Lnight refer to a measurement or calculation of noise exposure at the 
most exposed façade, outdoors, reflecting the long-term average exposure. Thus, Lden and Lnight 
represent all the single noise events due to a specific noise source that occur over a longer period 
of time, such as during a year. Moreover, most health outcomes considered in these guidelines are 
expected to occur as a result of long-term exposure. It is generally accepted that the most relevant 
parts of the whole day or night, which especially account for the time when a person is at home, are 
correctly attributed when using average indicators like Lden or Lnight. 

The majority of studies that form the body of evidence for the recommendations in these guidelines 
– among them large-scale epidemiological studies and socioacoustic surveys on annoyance and 
self-reported sleep disturbance – refer to noise exposure measured outdoors, usually at the most 
exposed façade of dwellings. Virtually all noise exposure prediction models in use today estimate 
free-field exposure levels outdoors, and most noise abatement regulations refer to outdoor levels 
as well. These are the practical reasons why the GDG decided not to recommend any guideline 
values for noise indoors. Nevertheless, in certain cases it could be helpful to estimate indoor levels 
based on outdoor values. The differences between indoor and outdoor levels are usually estimated 
at around 10 dB for open, 15 dB for tilted or half-open and about 25 dB for closed windows. When 
considering more accurate estimation of indoor levels, using a range of different predictors, the 
relevant scientific literature can be consulted (Locher et al., 2018). 

The GDG was aware of the fact that many countries outside the EU are not bound by the terms of the 
END (EC, 2002a) and/or use noise indicators other than Lden or Lnight in their noise regulations. They 
still can make use of these guidelines, however, because energy-based average noise indicators 
are usually highly correlated and “rule of thumb” transformations from one indicator to another are 
possible with acceptable uncertainty, as long as the conversion accounts for the long-term average 
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of populations, rather than individual exposure situations. Empirically derived generic conversion 
terms between a wide range of different noise indicators (including Lden, Ldn, Lday, Lnight and LAeq,24h; see 
the glossary of acoustic terms for further details), with their uncertainty estimates, were published 
recently (Brink et al., 2018). The GDG encourages the use of these conversions, should the need 
arise.

In many situations, average noise levels like the Lden or Lnight indicators may not be the best to explain 
a particular noise effect. Single-event noise indicators – such as the maximum sound pressure 
level (LA,max)

6 and its frequency distribution – are warranted in specific situations, such as in the 
context of night-time railway or aircraft noise events that can clearly elicit awakenings and other 
physiological reactions that are mostly determined by LA,max. Nevertheless, the assessment of the 
relationship between different types of single-event noise indicators and long-term health outcomes 
at the population level remains tentative. The guidelines therefore make no recommendations for 
single-event noise indicators.

Different noise sources – for example, road traffic noise and railway noise – can be characterized 
by different spectra, different noise level rise times of noise events, different temporal distributions 
of noise events and different frequency distributions of maximum levels. Because of the extensive 
differences in the characteristics of individual noise sources, these guidelines only consider source-
specific exposure–response functions (ERFs) and, therefore, formulate only source-specific 
recommendations.

2.3 Evidence base 
Based on the overall scope and key questions the current guidelines review the relevant literature in 
the area of environmental noise and health in order to incorporate significant research undertaken 
since the publication of previous guidelines. The process of evidence search and retrieval involved 
several steps. These include the identification, retrieval and synthesis of the evidence, followed by a 
systematic review and assessment (described in section 2.4). 

2.3.1 Identification, retrieval and synthesis of evidence 
As a first step, the GDG identified key health outcomes associated with environmental noise. Next, 
it rated the relevance of these health outcomes according to the following three categories:

•	critical for assessing environmental noise issues 

•	important, but not critical for assessing environmental noise issues 

•	unimportant.

The GDG rated the relevance based on the seriousness and prevalence of the outcomes and the 
anticipated availability of evidence for an association with noise exposure. The following health 
outcomes were selected as either critical or important for developing recommendations on the 
health impacts of environmental noise.

6  LA,max is the maximum time-weighted and A-weighted sound pressure level within a stated time interval starting at t1 and 
ending at t2, expressed in dB. 
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Critical health outcome    Important health outcome 

Cardiovascular disease     Adverse birth outcomes 

Annoyance7     Quality of life, well-being and mental health 

Effects on sleep     Metabolic outcomes 

Cognitive impairment 

Hearing impairment and tinnitus 

The GDG noted that research into the relationship between noise exposure and its effects on humans 
brings into focus several questions concerning the definition of health and the boundary between 
normal social reaction to noise and noise-induced ill health. As stated in WHO’s Constitution: “Health 
is a state of complete physical, mental and social well-being and not merely the absence of disease 
or infirmity” (WHO, 1946). Accordingly, documenting physical health does not present a complete 
picture of general health; and being undisturbed by noise in all activities, including sleep, constitutes 
an asset worthy of protection. Therefore, in accordance with the above definition, the GDG regarded 
(long-term) annoyance and impaired well-being, as well as self-reported sleep disturbance due to 
noise, as health outcomes.

Regarding sleep disturbance, the health outcome measures considered in these guidelines largely 
disregard “objective” indicators of sleep disturbance, such as the probability of awakening reactions 
or other polysomnography parameters. The main reason for this is the nature of the body of evidence 
on acute, objectively measured effects of noise during sleep. Studies of physiological effects of 
sleep and especially polysomnographic investigations are complex and resource-demanding; they 
therefore include only a small number of participants, who are often healthy young volunteers not 
representative of the general population. For these reasons, the majority of such studies do not 
meet the requirements for inclusion in the GRADE framework and full-scale meta-analysis, including 
adjustment for confounders. Furthermore, it is currently unclear how acute physiological reactions 
that affect the microstructure of sleep but are less well correlated with global sleep parameters, such 
as total sleep time, are related to long-term health impediments, especially considering the large 
interindividual differences in susceptibility to noise (Basner et al., 2011). 

As sleeping satisfies a basic need and the absence of undisturbed sleep can have serious effects 
on human health (WHO Regional Office for Europe, 2009), the GDG set self-reported sleep 
disturbance, in line with the WHO definition of health, as a primary health outcome. Even though 
self-reported sleep disturbance might differ considerably from objectively measured parameters of 
sleep physiology, it constitutes a valid indicator in its own right, as it reflects the effects on sleep 
perceived by an individual over a longer period of time (WHO Regional Office for Europe & JRC, 
2011). The importance of considering both annoyance and self-reported sleep disturbance as health 
outcomes is further supported by evidence indicating that they may be part of the causal pathway 
of noise-induced cardiovascular and metabolic diseases. This is further elaborated in the narrative 
review on biological mechanisms (Eriksson et al., 2018).

7 Noise annoyance is defined as a feeling of displeasure, nuisance, disturbance or irritation caused by a specific sound 
(Ouis, 2001). In the current guidelines, “annoyance” refers to long-term noise annoyance. 
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The second step in the evidence retrieval process constituted formulation of the key questions for 
the critical and important health outcomes and identification of the areas of evidence to be reviewed, 
following the PICOS/PECCOS approach defined in the WHO handbook for guideline development 
(WHO, 2014c). PICOS/PECCOS is an evidence-based technique that frames health care-related 
questions to facilitate the search for suitable studies that can provide answers to the questions at 
hand (Huang et al., 2006). The PICOS approach divides intervention questions into five elements: 
population, intervention, comparator, outcome and study design. In exposure studies, PICOS 
becomes PECCOS, which stands for population, exposure, comparator, confounder, outcome and 
study design. The specification of the elements of PICOS/PECCOS serves to construct the body 
of evidence that underpins each recommendation. Due to the complex nature of environmental 
noise, several distinct areas of evidence were defined to address each of the scoping questions 
comprehensively. 

For each of the critical and important health outcomes a systematic review was conducted (see 
also section 2.3.2). Health outcomes regarded as important were given less weight in the decision-
making process than critical ones. Inclusion and exclusion criteria to be regarded in the systematic 
evidence reviews were defined in accordance with the PICOS/PECCOS framework for the evaluation 
of evidence (see Table 1). All evidence that met the inclusion criteria was included in the systematic 
reviewing process. A detailed description of the types of measure for each of the health outcomes 
under consideration is provided in the protocol for conducting the systematic reviews (Héroux & 
Verbeek, 2018a). See Annex 2 for details of all background documents and systematic reviews used 
in preparation of these guidelines.

Table 1.  Inclusion and exclusion criteria for evidence reviews of health effects of environmental 
noise

Category Inclusion criteria Exclusion criteria
Populations •	Members of the general population 

•	Specific segments of the population particularly at risk 
(children or vulnerable groups)

•	People exposed to noise in occupational settings (if 
relevant with combined exposure to environmental 
noise)

•	Does not meet inclusion criteria

Exposure •	Noise exposure levels, either measured or calculated 
and expressed in dB values

•	Representative of the individual exposure of study 
participants (for most observational studies the dwelling 
location or home)

•	Calculated levels for transportation noise (road, rail, air) 
based on traffic data reflecting the use of roads, railway 
lines and in- and outbound flight routes at airports

•	Does not meet inclusion criteria; in 
particular:

- studies using hearing loss or 
hearing impairment as a proxy for 
(previous) noise exposure

- surveys assessing noise exposure 
or number of listening hours 
based on subjective ratings given 
by subjects in a questionnaire 

Confounders •	No inclusion criteria applied since the relationship 
between exposure to noise and a health outcome can 
be confounded by other risk factors; however, possible 
confounders taken into account were assessed for 
every study

•	No exclusion criteria applied; 
however, possible confounders 
taken into account were assessed 
for every study

[
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Category Inclusion criteria Exclusion criteria

Outcomes •	Adverse birth outcomes

•	Annoyance

•	Cardiovascular disease

•	Cognitive impairment 

•	Effects on sleep

•	Hearing impairment and tinnitus

•	Metabolic outcomes

•	Quality of life, mental health and well-being 

•	Does not meet inclusion criteria

Study types •	Cohort studies 

•	Case-control studies 

•	Cross-sectional studies 

•	Ecological studies (only for cardiovascular disease)

•	Does not meet inclusion criteria

Alongside the systematic reviews of the critical and important health outcomes, the GDG decided 
to review the evidence on health effects from noise mitigation measures and interventions to reduce 
noise levels in order to inform and complement the recommendations. 

Interventions on environmental noise were defined according to five broad categories based on the 
available intervention literature and the experience of decades of environmental noise management 
(see Table 2 and Brown & van Kamp, 2017). 

Table 2. Types of noise intervention 

Intervention 
type

Intervention 
category

Intervention subcategory

A Source intervention •	 change in emission levels of sources 

•	 time restrictions on source operations 

B Path intervention •	 change in the path between source and receiver

•	path control through insulation of receiver/receiver’s dwelling

C New/closed 
infrastructure

•	 opening of a new infrastructure noise source

•	 closure of an existing one

•	planning controls between (new) receivers and sources

D Other physical 
intervention

•	 change in other physical dimensions of dwelling/neighbourhood

E Behaviour change 
intervention

•	 change in individual behaviour to reduce exposure

•	 avoidance or duration of exposure

•	 community education, communication

The GDG recognized that nonacoustic factors are an important possible confounder in both ERFs 
between noise levels and critical health effects and the effects of acoustic interventions on health 
outcomes. Whereas the inclusion criteria for confounders were not specified in PECCOS for the 
systematic reviews of evidence, they were considered at the stage of assessing the quality of 

Table 1. contd.
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evidence, using the GRADE approach. Depending on the health effect under investigation, possible 
nonacoustic factors may include:

•	gender

•	age

•	education

•	subjective noise sensitivity

•	extroversion/introversion

•	general stress score

•	co-morbidity

•	length of residence

•	duration of stay at dwelling in the day

•	window orientation of a bedroom or living room towards the street

•	personal evaluation of the source

•	attitudes towards the noise source

•	coping capacity with respect to noise

•	perception of malfeasance by the authorities responsible

•	body mass index

•	smoking habits. 

In noise annoyance studies nonacoustic factors may explain up to 33% of the variance (Guski, 
1999). The higher the quality of evidence, the lower confounding effects of nonacoustic factors may 
be expected. Nevertheless, as with measurement errors, confounding cannot be avoided. 

Based on the retrieval and evaluation of the pertinent literature, the GDG decided to address the 
association of environmental noise from different sources and health outcomes separately and 
individually for each source of noise, and for critical and important health outcomes. 

In addition to the systematic reviews of the health effects of environmental noise, a narrative review 
of biological mechanisms of nonauditory effects was conducted (Eriksson et al., 2018). This covers 
literature related to pathways for nonauditory effects and provides supporting evidence on the 
association between environmental noise and health outcomes in humans, especially related to 
cardiovascular and metabolic diseases.

2.3.2 Systematic reviewing process
After the retrieval of the evidence based on the PICOS/PECCOS approach, systematic reviews 
were conducted for all critical and important health outcomes. To meet the demands of the diverse 
and broad nature of the evidence, it was agreed that systematic reviews could vary in type. For 
some areas of evidence, a novel and fully fledged systematic reviewing process was needed to 
summarize the existing evidence; for others, the reviewing process could build upon existing (and 
mostly published) systematic reviews and summaries of evidence. Thus, the process consisted of 
two phases.
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First, a comprehensive search was conducted for available systematic reviews and meta-analyses 
on environmental noise effects published after 2000. Each of the reviews was assessed for both 
relevance and quality. To be included in the evidence review process, studies from these reviews were 
required to meet a high quality standard, judged according to high scores of the AMSTAR checklist.8 

In cases where quality criteria were met but the review was older than two years (published before 
2012), the search of the systematic review was updated to include new papers. If no good quality 
systematic reviews were available, a new search for original papers was conducted. The Systematic 
Review Team decided how the results would affect the search strategy for individual studies as part 
of the second phase. This was based on the assessment of the quality of the systematic reviews 
and on the coherence between the main research questions of the systematic reviews and the 
scope of the work of the guidelines. 

In the second phase a search for individual papers was conducted, with the search strategy adapted 
according to the outcome of the first phase. As availability of systematic reviews and meta-analyses 
differed for the various health outcomes considered in the guidelines, this process varied for each 
evidence review. The search included cohort studies, case-control studies and cross-sectional 
studies of people exposed to environmental noise. Where relevant – for example, for the health 
outcome cardiovascular disease – the search also included ecological studies.

Due to the individualized retrieval of evidence for each of the systematic reviews, the time frames 
of the literature included varied. An indication of the temporal coverage of the studies included in 
different systematic review is provided in the relevant tables in Chapter 4.

A detailed description of the methodology used to conduct the systematic evidence reviews, 
including individual protocols for the reviews of health effects resulting from environmental noise and 
from noise interventions, is available (Héroux & Verbeek, 2018b). Furthermore, all systematic reviews 
conducted in the guideline development process are publicly available in the open-access journal 
International Journal of Environmental Research and Public Health: 

•	systematic review of transport noise interventions and their impacts on health (Brown & van Kamp, 
2017);

•	systematic review on environmental noise and adverse birth outcomes (Nieuwenhuijsen et al, 
2017);

•	systematic review on environmental noise and annoyance (Guski et al., 2017);

•	systematic review on environmental noise and cardiovascular and metabolic effects (van Kempen 
et al., 2018);

•	systematic review on environmental noise and cognition (Clark & Paunovic, 2018);

•	systematic review on environmental noise and effects on sleep (Basner & McGuire, 2018);

•	systematic review on environmental noise and permanent hearing loss and tinnitus (Śliwińska-
Kowalska & Zaborowski, 2017);

•	systematic review on mental health and well-being (Clark & Paunovic, in press).

8 AMSTAR is an instrument used to assess quality of evidence; it stands for “A MeaSurement Tool to Assess systematic 
Reviews” (Shea et al., 2007).  
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The original GRADE approach was developed specifically to rate the body of evidence resulting from 
a review of intervention studies. The initial quality level is set by study design: randomized control 
trials (RCTs) are considered high quality, whereas observational (nonrandomized) study designs are 
low quality. Then five factors are considered for downgrading the quality of the body of evidence 
resulting from RCTs or observational studies, and three factors are considered for upgrading the 
body of evidence resulting from observational studies alone. 

The following five factors are used for downgrading the quality of evidence by one or two levels:

•	study limitations or risk of bias in all studies that make up the body of evidence

•	inconsistency of results between studies

•	indirectness of evidence in the studies

•	imprecision of the pooled effect estimate

•	publication bias detected in a body of evidence.

2.4 From evidence to recommendations
Once the evidence had been identified and synthesized, the Systematic Review Team assessed 
its quality. Subsequently, the GDG formulated recommendations, guided by this assessment and 
consideration of a number of other factors recognized as important. To facilitate the formulation 
of recommendations, it first prioritized the health outcome measures of the critical and important 
outcomes. A process was developed to identify the guideline exposure levels from each of the ERFs 
provided by the systematic reviews of evidence. 

The following sections describe the assessment of the overall quality of the evidence based on the 
GRADE approach, selection of priority health outcome measurements, identification of guideline 
exposure levels and setting the strength of recommendations. 

2.4.1 Assessment of overall quality of a body of evidence: the GRADE approach 
As set out in the WHO handbook for guideline development (WHO, 2014c), the main framework 
for producing evidence-informed recommendations is the GRADE approach (Guyatt et al., 2008). 
This is used to assess the quality of a body of evidence synthesized in a systematic review. The 
assessment facilitates judgements about the certainty of effect estimates, which increases with the 
quality of the body of evidence. The quality can be rated high, moderate, low or very low (see Box 1). 

Box 1 GRADE interpretations of quality of evidence

•	High quality: further research is very unlikely to change the certainty of the effect estimate 

•	Moderate quality: further research is likely to have an important impact on the certainty of the 
effect estimate and may change the estimate

•	Low quality: further research is very likely to have an important impact on the certainty of the 
effect estimate and is likely to change the estimate

•	Very low quality: any effect estimate is uncertain
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The following three factors are used for upgrading the quality of evidence:

•	high magnitude of the pooled effect

•	direction of residual confounding and biases opposes an effect (i.e. when all plausible confounders 
are anticipated to reduce the estimated effect and there is still a significant effect)

•	exposure–response gradient.

The GRADE approach was originally developed for application in the field of clinical medicine, where 
the majority of studies are randomized trials. However, to assess health effects resulting from an 
exposure such as environmental noise, randomized controlled trials are not applicable, as it would 
be unethical to expose participants deliberately to possibly harmful risk factors. The limitations of the 
application of GRADE to environmental health have been recognized and discussed in the literature 
(Morgan et al., 2016). Other types of study design dominate the evidence base in the domain of 
environmental noise research, so it was necessary to adapt the original GRADE approach to the 
subject of the current guidelines, as follows. 

Instead of using the RCT study design as the starting-point for the quality rating, the study design 
most applicable and available for the field of research at hand was used. Thus, for evidence on 
the association between noise exposure and clinical health outcome measures, the rating of an 
evidence base consisting of cohort and case-control studies9 was initially rated high quality. Cross-
sectional studies and ecological studies were rated low quality and very low quality, respectively. 
This initial point of departure was only adapted for the evidence of the association between noise 
exposure and annoyance and sleep disturbance. Here, cross-sectional studies were rated high 
quality because annoyance and sleep disturbance are regarded as an immediate effect of exposure 
to environmental noise. Finally, in accordance with the original GRADE approach, the starting-point 
for evidence on the effect of interventions was rated low quality for observational studies. After 
determining the point of departure, the evidence base was rated down or up whenever one or more 
of the criteria for downgrading or upgrading (described above) were met. Each of the systematic 
reviews commissioned for these guidelines includes a detailed report on the assessment of the 
quality of the evidence. 

A detailed discussion of the adaptations of GRADE is provided in the separate methodology 
publication (Héroux & Verbeek, 2018b).

2.4.2 Selection of priority health outcomes
In line with the WHO handbook for guideline development (WHO, 2014c), the GDG selected the 
key health outcomes associated with environmental noise at the beginning of the evidence retrieval 
process, and the systematic reviews were commissioned accordingly. The selection of health 
outcomes was based on the available evidence for the association between environmental noise 
and the specific outcome, as well as public concern about the health outcome resulting from noise 
exposure. The following health outcomes were rated critical: cardiovascular disease, annoyance, 

9 In the context of the current guidelines, “cohort studies” refer to longitudinal studies in which the occurrence of the 
outcome of interest in an exposed group is compared to the occurrence of that outcome in a reference group with no 
or lower exposure over time. 
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effects on sleep, cognitive impairment and hearing impairment and tinnitus. Adverse birth outcomes, 
quality of life, well-being and mental health, and metabolic outcomes were rated important (see also 
section 2.3.1). 

Since all these health outcomes can be measured in various ways, the GDG evaluated each 
individually and prioritized different outcome measures for each in terms of their representativeness 
and validity. These measures were used to derive the guideline exposure levels; their prioritization 
was based on the impact of the disease and the disability weights (DWs) associated with the health 
outcome measure.10

The critical health outcomes, priority outcome measures identified and justifications for their selection 
are listed in Table 3. 

Table 3. Critical health outcomes, outcome measures identified and justifications for selection

Critical health 
outcome 

Critical health outcome measures 
(priority measures marked in bold)

Justification for selection 

Cardiovascular 
disease  
(Lden)

Self-reported or measured prevalence, 
incidence, hospital admission or mortality 
due to:

•	 ischaemic heart disease (IHD) 
(including angina pectoris and/or 
myocardial infarction)

•	hypertension

•	 stroke 

Except for self-reports, these are objective 
measures of the outcome, affect a large 
proportion of the population, have important 
health consequences and can lead to more severe 
diseases and/or mortality.

DW for IHD: 0.405.

DW for hypertension: 0.117. 

Effects on sleep 
(Lnight)

•	percentage of the population highly 
sleep-disturbed (%HSD), self-reported, 
assessed with a standardized scale

•	polysomnography measured outcomes 
(probability of additional awakenings)

•	 cardiac and blood pressure outcome 
measures during sleep

•	motility measured sleep outcomes in 
adults

•	 sleep disturbance in children

This is the most meaningful, policy-relevant 
measure of this health outcome. Self-reported 
sleep disturbances are a very common problem 
in the general population: they affect quality of life 
directly and may also lead to subsequent health 
impediments. Effects on sleep may be in the causal 
pathway to cardiovascular disease. This measure 
is not a proxy for physiological sleep quality 
parameters but is an important outcome in its own 
right.

DW for %HSD: 0.07.

Annoyance (Lden) •	percentage of the population highly 
annoyed (%HA), assessed with 
standardized scale

•	percentage annoyed, preferably 
assessed with standardized scale

This is the most objective measure of this health 
outcome. Large proportions of the population are 
affected by noise annoyance, even at relatively low 
exposure levels. Annoyance may be in the causal 
pathway to cardiovascular disease.

DW for %HA: 0.02.

10 DWs are ratings that vary between 0 and 1, in which 0 indicates no disability and 1 indicates the maximum amount of 
disability. The rates are derived from large population surveys in which people are asked to rank a specific disease for 
its impact on several abilities. The DWs have been proven useful in calculating the burden of disease.

[
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Cognitive 
impairment (Lden)

•	 reading and oral comprehension, 
assessed with tests

•	 impairment assessed with standardized 
tests

•	 short and long-term memory deficit

•	 attention deficit

•	 executive function deficit (working 
memory capacity)

This outcome measure is the most meaningful: it 
can affect vulnerable individuals (children) and have 
a significant impact later in life.

DW for impaired reading and oral comprehension: 
0.006.

Hearing 
impairment and 
tinnitus  
(LAeq

11
 and LAF,max

12)

•	permanent hearing impairment, 
measured by audiometry

•	permanent tinnitus

This outcome measure can affect vulnerable 
individuals (children) and have a significant impact 
later in life. It is the most objective measure for 
which there is an ISO standard (ISO, 2013), 
specifying how to estimate noise-induced hearing 
loss. 

DW for mild severity level (threshold at 25 dB) for 
childhood onset: 0.0150.

Table 4 provides a list of the important health outcomes along with the corresponding health 
outcome measures included in the systematic reviews. There was no prioritization of health outcome 
measures leading to justification of selection, since important health outcomes had less impact on 
the development of recommendations.11 12

Table 4. Important health outcomes and health outcome measures reviewed

Important health outcome Health outcome measures reviewed

Adverse birth outcomes  
(Lden)

•	pre-term delivery

•	 low birth weight

•	 congenital anomalies

Quality of life, well-being and 
mental health  
(Lden)

•	 self-reported health and quality of life

•	medication intake for depression and anxiety

•	 self-reported depression, anxiety and psychological distress

•	 interviewer-assessed depressive and anxiety disorders

•	 emotional and conduct disorders in children

•	 children’s hyperactivity

•	 other mental health outcomes

Metabolic outcomes  
(Lden)

prevalence, incidence, hospital admission or mortality due to:

•	 type 2 diabetes

•	 obesity

 

11  LAeq is an A-weighted, equivalent continuous sound pressure level during a stated time interval starting at t1 and ending 
at t2, expressed in dB, of a noise at a given point in space. 

12  LAF,max is the maximum time-weighted and A-weighted sound pressure level with FAST time constant within a stated 
time interval starting at t1 and ending at t2, expressed in dB. 

Critical health 
outcome 

Critical health outcome measures 
(priority measures marked in bold)

Justification for selection 

Table 3. contd.
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2.4.3 Identification of guideline exposure levels for each noise source

The GDG agreed to set guideline exposure levels based on the definition: “noise exposure levels 
above which the GDG is confident that there is an increased risk of adverse health effects”. The 
identification of guideline values for each of the specific noise sources involved five distinct steps: 

1. assessment of the validity of ERFs resulting from the systematic reviews of the effects of noise 
on each of the critical and important health outcomes; 

2. assessment of the lowest noise level measured in the studies included in each of the corresponding 
systematic reviews; 

3. assessment of the smallest risk or relative risk (RR) increase for each of the adverse health 
outcomes considered relevant; 

4. determination of the guideline exposure level based on the ERF, starting from the lowest level 
measured (see step 2) and associated with the smallest relevant risk increase for adverse health 
outcomes (see step 3);

5. comparison of the guideline exposure levels calculated for each of the critical health outcomes of 
one source (for example, incidence of IHD, incidence of hypertension, %HA, permanent hearing 
impairment and reading and oral comprehension for road traffic noise): selection of the guideline 
exposure level for each noise source was based on the priority health outcome measure with the 
lowest exposure level for that source. 

To define an “increased risk” to set the guideline exposure level, the GDG made a judgement about 
the smallest risk or RR of the adverse health effect it considered relevant for each of the priority 
health outcome measures. It is important to note that the relevant risk increases are benchmark 
values. The GDG agreed to set them in accordance with the guiding principles it had developed, 
to provide guideline values that illustrate an increased risk of adverse health effects. It used expert 
judgements for the determination of the benchmark values; these are elaborated further in section 
2.4.3.2. 

The guideline exposure levels presented are therefore not meant to identify effect thresholds (the 
lowest observed adverse effect levels for different health outcomes). This is a difference in approach 
from prior WHO guidelines, like the night noise guidelines for Europe (WHO Regional Office for 
Europe, 2009), which explicitly aimed to define levels indicating no adverse health effects. The 
approach to making choices about relevant risk increases is outlined below and summarized in 
Table 5. 

For IHD and hypertension, RR increases were considered; for annoyance and sleep disturbance, 
absolute risks of %HA and %HSD were considered; and for reading and oral comprehension an 
average delay of reading age was defined. For the cardiovascular outcomes, incidence measures 
were prioritized, although much of the epidemiological evidence was based on prevalence data 
– particularly for hypertension – where almost no longitudinal studies were available. Prevalence 
data are generally derived from cross-sectional studies, where the temporal aspects are difficult to 
determine. 
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Table 5. Priority health outcomes and relevant risk increases for setting guideline levels

Priority health outcome measure (associated 
DW)

Relevant risk increase considered for setting 
of guideline level

Incidence of IHD (DW: 0.405) 5% RR increase

Incidence of hypertension (DW: 0.117) 10% RR increase

%HA (DW: 0.02) 10% absolute risk

%HSD (DW: 0.07) 3% absolute risk 

Permanent hearing impairment (DW: 0.0150) No risk increase due to environmental noise

Reading and oral comprehension (DW: 0.006) One-month delay in terms of reading age

The DWs used to rank the priority critical health outcomes measures were retrieved from the rel-
evant literature. For cardiovascular disease as a group and for hypertension, the burden of disease 
from environmental noise values (WHO Regional Office for Europe & JRC, 2011) were not consid-
ered applicable by the GDG for these guidelines. Thus, for cardiovascular disease, the DW value 
(DW: 0.405) specifically applied to acute myocardial infarction in the publication outlining the data 
sources, methods and results of the global burden of disease in 2002 (Mathers et al., 2003) was re-
tained. Since hypertension is mainly viewed as an important risk factor and not as a health outcome, 
no general DW has been developed. The only other available DW value available is the DW of 0.117 
for hypertensive episodes in pregnancy (Mathers et al., 1999). In the absence of any general DW, 
the GDG agreed on a conservative approach and decided to use this value. 

The DWs for high sleep disturbance (DW: 0.07), high annoyance (DW: 0.02) and impaired reading 
and oral comprehension (DW: 0.006) were developed in the context of calculating the burden of 
disease from environmental noise (WHO Regional Office for Europe & JRC, 2011). The DW for hear-
ing impairment was not included in that publication, but it was available from the technical paper 
on the burden of disease from environmental noise (WHO, 2013); the DW for permanent hearing 
impairment ranged from 0.0031 to 0.3342, depending on severity level. Environmental noise (leisure 
noise) contributes to the cumulative total noise exposure throughout the life-course, which may lead 
to permanent hearing impairment and cause more severe disability in the later years of life. As a 
result, the GDG selected a DW of 0.0150 for moderate severity level (“has difficulty following a con-
versation in a noisy environment, but no other hearing problems”). For cognitive impairment, the DW 
was derived from the estimates of the burden of disease from environmental noise (WHO Regional 
Office for Europe & JRC, 2011). This was at a very conservative value (DW: 0.006) for noise-related 
impairment of children’s cognition, equivalent to a DW for contemporaneous cognitive deficit in the 
context of a range of cognitive impairments in children ranging from 0.468 for Japanese encephalitis 
to 0.024 for iron deficiency anaemia (Lopez et al., 2006).

2.4.3.1 Development of ERFs

The systematic reviews of evidence provided either an ERF or other noise exposure value/metric that 
could be related to a risk increase of the health outcome measure. These ERFs were used to develop 
guideline exposure levels; however, only those functions where noise exposure demonstrated a 
statistically significant effect were used. 

To obtain the starting level of the ERFs derived in the systematic reviews, a weighted average of 
the lowest exposure values measured in the individual studies included in the meta-analyses was 
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calculated. The weighting used the inverse of the variance of the effect estimate of the study. Thus, 
the lowest exposure value of studies with a small variance (usually with the largest sample size) 
contributed the most to the assumed onset of the ERF.

2.4.3.2 Relevant risk increase of adverse health effects

The following sections describe in detail the rationale for the selection of the relevant relative risk (RR) 
increase percentage for each of the priority health outcome measures considered.

Cardiovascular disease: IHD and hypertension

High-quality epidemiological evidence described in the systematic review on cardiovascular and 
metabolic effects of environmental noise indicates that exposure to road traffic noise increases the 
risk of IHD (van Kempen et al., 2018). The GDG was confident that health risks result from exposure 
at an RR increase in the order of 5–10% in the incidence of IHD. This is similar to the reasoning 
in the WHO air quality guidelines for fine particulate matter (PM2.5) (WHO, 2006). To determine a 
relevant risk increase for IHD, the GDG took as a starting-point the RR increase of 5% measured 
in epidemiological studies of environmental noise or air pollution. Taking into account the incidence 
of IHD and the seriousness of the disease, it considered lowering the RR increase for IHD to 1%, 
as a 5% RR increase might imply a comparatively high absolute risk from a population perspective. 
To decide on the final benchmark value for IHD, several aspects were considered: the number of 
people in a population affected by IHD; whether health risks caused by noise would make up a large 
part of the incidence of the disease; other examples of health risks of similar magnitude leading to 
preventive action. For IHD, in an average EU country with 20 million inhabitants, an RR increase of 
5% for IHD would lead to several thousand extra cases attributable to noise yearly. This corresponds 
to a proportion of cases of IHD attributable to noise exposure of less than 10%, which is still relatively 
small. After extensive discussion at the very end of the guideline development process, the GDG 
decided to adhere to 5% as the relevant risk increase.

Hypertension is a common condition and is an important risk indicator for IHD and other 
cardiovascular diseases. Thus, the hypertension risk increase can be transformed into a risk increase 
for cardiovascular disease. To derive a relevant risk increase, the GDG focused on the incidence of 
hypertension, owing to the nature and quality of epidemiological evidence. Since hypertension is 
less serious than IHD, and not all people with hypertension will progress to cardiovascular disease, 
the relevant risk increase in the incidence of hypertension needed to be higher than that for IHD. 
Therefore, the GDG agreed on an RR increase of 10% for hypertension.

Self-reported sleep disturbance and annoyance 

The GDG initially considered 5%HSD and 10%HA due to noise as relevant absolute risks, not be 
exceeded at the guideline level. After discussion, however, members agreed that these absolute 
risks were too large, since a considerable proportion of the population would still be affected; they 
decided to lower the relevant risk from 5% being highly sleep-disturbed to 3%. In doing so, the GDG 
referred to the WHO night noise guidelines (WHO, 2009), which concluded that while there was 
insufficient evidence that physiological effects at noise levels below 40 dB Lnight are harmful to health, 
there were observed adverse health effects at levels starting from 40 dB Lnight. At 40 dB, about 3–4% 
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(depending on the noise source) of the population still reported being highly sleep-disturbed due to 
noise, which was considered relevant to health. The GDG considered it important that this level is 
consistent with the previous health-based approach adopted by the WHO night noise guidelines, 
and agreed that the absolute risk associated with the guideline value selected should not exceed 
3%HSD to be health protective.

For annoyance, which is considered a less serious health effect than self-reported sleep disturbance 
(as indicated by the respective DWs), the relevant risk remained at 10%HA. This means the absolute 
risk associated with the guideline value selected should be closest to, but not above 10%HA, to be 
health protective.

Cognitive impairment: reading and oral comprehension

Acquiring skills in reading and oral comprehension at a young age is important for further development: 
a delay in acquiring these skills can have an impact later in life (Wilson & Lonigan, 2010). This impact 
cannot be predicted very accurately, but the GDG considered a delay of one month a relevant 
absolute risk.

Permanent hearing impairment 

The literature on hearing impairment as a result of occupational noise exposure is extensive. A 
noise exposure level beyond 80 dB during 40 years of working a 40 hour work week can give rise 
to permanent hearing impairment. Given that environmental exposure to noise is much lower than 
these levels and that noise-related hearing impairments are not reversible, the GDG considered 
that there should be no risk of hearing impairment due to environmental noise and considered any 
increased risk of hearing impairment relevant.

2.4.4 Strength of the recommendations
Finally, having determined the guideline exposure levels based on the ranking of prioritized health 
outcome measures, setting the strength of the recommendation was set as the final step of the 
guideline development process.  This was also guided by the GRADE methodology (Alonso-Coello 
et al., 2016a; 2016b). According to this approach, strength of recommendation can be set as either 
strong or conditional (WHO, 2014c).

•	A strong recommendation can be adopted as policy in most situations. The guideline is based 
on the confidence that the desirable effects of adherence to the recommendation outweigh 
the undesirable consequences. The quality of evidence for a net benefit – combined with 
information about the values, preferences and resources – inform this recommendation, which 
should be implemented in most circumstances.

•	A conditional recommendation requires a policy-making process with substantial debate and 
involvement of various stakeholders. There is less certainty of its efficacy owing to lower quality 
of evidence of a net benefit, opposing values and preferences of individuals and populations 
affected or the high resource implications of the recommendation, meaning there may be 
circumstances or settings in which it will not apply.
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The GDG evaluated the strength of the recommendations based on these parameters, following a 
two-step procedure. Initially, the strength of each recommendation was set as strong or conditional 
based on an assessment of the quality of evidence. The GDG then identified and assessed contextual 

The GRADE approach defines a number of parameters that should be assessed to determine 
the strength of recommendations: quality of evidence, balance of benefits and harms, values and 
preference related to the outcomes of interventions to exposure, resources implications, priority of 
the problem, equity and human rights, acceptability and feasibility (Box 2; Morgan et al., 2016).

Box 2 Parameters determining the strength of a recommendation

Quality of evidence  further represents the confidence in the estimates of effect of the 
evaluated evidence, across outcomes critical and important to decision-making. The higher the 
quality of evidence, the greater the likelihood of a strong recommendation.

Balance of benefits and harms requires an evaluation of the absolute effects of both benefits 
and harms (or downsides) of the intervention or exposure and their importance. The greater net 
benefit or net harm associated with an intervention or an exposure, the greater the likelihood of 
a strong recommendation in favour or against an intervention or exposure.

Values and preferences related to the outcomes of an intervention or exposure set out 
the relative importance assigned to health outcomes by those affected by them; how such 
importance varies within and across populations; and whether this importance or variability 
is surrounded by uncertainty. The less uncertainty or variability there is about the values and 
preferences of people experiencing the critical or important outcomes, the greater the likelihood 
of a strong recommendation.

Resource implications take into consideration how resource-intensive and how cost-
effective and substantially beneficial an intervention or exposure is. The more advantageous 
or clearly disadvantageous the resource implications are, the greater the likelihood of a strong 
recommendation either for or against the intervention or exposure.

The priority of the problem is determined by its importance and frequency (the burden of 
disease, disease prevalence or baseline risk). The greater the importance of the problem, the 
greater the likelihood of a strong recommendation.

Equity and human rights considerations are an important aspect of the process. The greater 
the likelihood that the intervention will reduce inequities, improve equity or contribute to the 
realization of one or several human rights as defined under the international legal framework, the 
greater the likelihood of a strong recommendation.

Acceptability plays a prominent role: the greater the acceptability of an option to all or most 
stakeholders, the greater the likelihood of a strong recommendation.

Feasibility overlaps with values and preferences, resource considerations, existing 
infrastructures, equity, cultural norms, legal frameworks and many other considerations. The 
greater the feasibility of an option from the standpoint of all or most stakeholders, the greater 
the likelihood of a strong recommendation.
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parameters that might have a contributory role (see Box 2 above). Based on this qualitative evaluation, 
the initial recommendation strength was either adapted or confirmed. It is important to note that while 
the initial parameter “quality of evidence” was informed by comprehensive systematic reviewing 
processes, the remaining contextual parameters were assessed by the informed qualitative expert 
judgement of the GDG. 

Furthermore, the GDG agreed to decision-making rules, applied when formulating the 
recommendations. An evidence rating of low quality or very low quality would lead only to a conditional 
recommendation. Setting a strong recommendation was only considered if the evidence was at 
least moderate quality. The final recommendations were formulated based on the consideration 
of all the parameters and decision rules adopted by the GDG. A detailed exploration of all the 
recommendations is set out in Chapter 3. 

2.5 Individuals and partners involved in the guideline development process 
The process of WHO guideline development is conducted by several groups with clearly defined 
roles and responsibilities. Comprising WHO staff members, experts and stakeholders, these are the 
Steering Group, the GDG, the Systematic Review Team and the External Review Group. 

The Steering Group includes WHO staff members with different affiliations but whose work 
experience is relevant to the topic of environmental noise and associated health outcomes. It is 
involved at all stages of planning, selecting members of the GDG and External Review Group, 
reviewing evidence and developing potential recommendations at the main expert meetings, as well 
as ongoing consultation on revisions following peer review. Details of the members of the Steering 
Group are listed in Table A1.1 in Annex 1.

The GDG consists of a group of content experts gathered to investigate all aspects of evidence 
contributing to the recommendations, including expertise in evidence-based guideline development. 
This Group defined the key questions and priorities of the research, chose and ranked outcomes 
and provided advice on any modifications of the scope as established by the Steering Group. The 
members also outlined the systematic review methods; appraised the evidence used to inform 
the guidelines; and advised on the interpretation of this evidence, with explicit consideration of the 
overall balance of benefits and harms. Ultimately the GDG formulated the final recommendations, 
taking into account the diverse values and preferences of individuals and populations affected. It 
also determined the strength of the results and responded to external peer reviews. The complete 
list of GDG members and their specific roles, affiliations and areas of expertise are listed in Table 
A1.2 in Annex 1.

The Systematic Review Team includes experts in the field of environmental health, commissioned 
by WHO staff to undertake systematic reviews of evidence. The GDG recommended a number of 
authors to conduct the evidence reviews and summary chapters, based on their expertise. Details 
of the members of the Systtematic Review Team are included in Table A1.3 in Annex 1.

The External Review Group is composed of technical content experts and end-users as well 
as stakeholders, and is balanced geographically and by gender. The experts and end-users were 
selected for their expertise in the field, and the Group also included representatives of professional 
groups and industry associations, who will be implementing the guidelines. Members were asked to 
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review the material at different stages of the development process. The list of technical experts and 
stakeholders is provided in Tables A1.4 and A1.5, respectively, in Annex 1.

Management of conflict of interest is an integral part of WHO’s guideline development procedure. All 
members of the GDG and authors of the evidence reviews completed WHO declaration of interest 
forms. These were reviewed by the WHO Secretariat for potential conflicts of interest. A number of 
conflicts of interest were declared in the forms, but following a standardized management review 
it was not found necessary to exclude any members of the GDG or authors from their respective 
roles. Members of the External Review Group (technical experts only) were also asked to complete 
the form when invited to participate.

In addition, at the start of the meeting of the GDG all members of the GDG received a briefing about 
the nature of all types of conflict of interest (financial, academic/intellectual and nonacademic) and 
were asked to declare to the meeting any conflicts they might have. No member of the GDG or the 
Systematic Review Team was excluded from his/her respective role. A summary of the conflict of 
interest management is presented in Annex 3.

The GDG set its own rules on how it would work and how contentious issues should be resolved 
– for instance, by means of a vote. The main decision-making mechanism involved reaching 
consensus; if a vote was required, the experts involved in developing the underlying evidence for 
the specific recommendation were excluded from voting, and an agreement was reached via a two 
thirds majority of the rest of the group. 

2.6 Previously published WHO guidelines on environmental noise
Prior to this publication, WHO published community noise guidelines (CNG) in 1999 (WHO, 1999) 
and night noise guidelines for Europe (NNG) in 2009 (WHO Regional Office for Europe, 2009).

2.6.1 CNG
The scope of WHO’s efforts to develop the CNG in 1999 was similar to that for the current guidelines. 
The objective was then formulated as: “to consolidate scientific knowledge of the time on the health 
impacts of community noise and to provide guidance to environmental health authorities and 
professionals trying to protect people from the harmful effects of noise in nonindustrial environments” 
(WHO, 1999). The guidelines were based on studies carried out up to 1995 and a few meta-analyses 
from some years later. 

The health risk to humans from exposure to environmental noise was evaluated and guideline values 
derived. At that time WHO had not yet developed its guideline development process, on which the 
current guidelines are based (WHO, 2014c). The main differences in content are that the previous 
guidelines were expert-based and provided more global coverage and applicability, such as issues 
of noise assessment and control that were addressed in detail. They included a discussion on noise 
sources and measurement, including the basic aspects of source characteristics, sound propagation 
and transmission. Adverse health effects of noise were characterized, and combined noise sources 
and their effects were considered. Furthermore, the guidelines included discussions of strategies 
and priorities in the management of indoor noise levels, noise policies and legislation, environmental 
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noise impact and enforcement of regulatory standards; although there were no chapters on wind 
turbine noise and leisure noise.

2.6.2 NNG
In 2009 the WHO Regional Office for Europe published the NNG to provide scientifically based 
advice to Member States for the development of future legislation and policy action in the area of 
assessment and control of night noise exposure. 

The NNG complement the previous CNG, incorporating the advancement of research on noise and 
sleep disturbance up to 2006. The working group of experts reviewed available scientific evidence 
on the health effects of night noise and derived health-based guideline values. Again, WHO had 
not yet introduced its evidence-based recommendations policy and the NNG were mainly expert-
based. They considered the scientific evidence on the threshold of night noise exposure indicated 
by Lnight as defined in the END (EC, 2002a), and the experts concluded that a Lnight value of 40 dB 
should be the target of the NNG (for all sources) to protect the public, including the most vulnerable 
groups such as children, chronically ill and elderly people. Further, an Lnight value of 55  dB was 
recommended as an interim target for countries that could not follow the guidelines in the short term 
for various reasons or where policy-makers chose to adopt a stepwise approach.

2.6.3 Differences from the prior noise guidelines
The current guidelines differ from the older ones, recommending levels of exposure unlike those 
previously outlined (especially by the NNG). The following major differences between the previous 
and current guidelines explain the novel set of recommended values.

•	The development process for the current guidelines adhered to a new, rigorous, evidence-based 
methodology, as outlined in the WHO handbook for guideline development (WHO, 2014c). WHO 
adopted these internationally recognized standards to ensure high methodological quality and a 
transparent, evidence-based decision-making process in the guideline development. 

•	The current guidelines consider cardiovascular disease a critical health outcome measure. 

•	They also consider a broader set of health outcomes, including adverse birth outcomes, diabetes, 
obesity and mental well-being. Wherever applicable, incidence, prevalence and mortality were 
considered separately.

•	The current guidelines cover two new noise sources: wind turbines and leisure noise.

•	Critical and important health outcomes are considered separately for each of the noise sources. 

•	The guideline development process included the health effects of intervention measures to mitigate 
noise exposure from different noise sources for the first time. 

•	The style of recommendations differs: the current guidelines include an exact exposure value 
for every health outcome regarded as critical, for each noise source. Guideline recommendation 
values were set for each of the noise sources separately, based on the exact exposure values and 
a prioritization scheme, developed with the help of DWs.

•	The current guidelines apply a 1 dB increment scheme, whereas prior guidelines (CNG and NNG) 
formulated or presented recommendations in 5 dB steps. 
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•	In comparison to the 1999 CNG, which defined environment-specific exposure levels, the current 
guidelines are source specific. They recommend values for outdoor exposure to road traffic, railway, 
aircraft and wind turbine noise, and indoor as well as outdoor exposure levels for leisure noise.

•	Except for leisure noise, all exposure levels recommended in the current guidelines are average 
sound pressure levels for outdoor exposure. 

•	The current guidelines make use of the noise indices defined in the END: Lden and Lnight. 

The definition of “community noise” used in the CNG in 1999 was also adapted. The GDG agreed to 
use the term “environmental noise” instead, and offered an operational definition of: “noise emitted 
from all sources except sources of occupational noise exposure in workplaces”.

The current environmental noise guidelines for the European Region supersede the CNG from 
1999. Nevertheless, the GDG recommends that all CNG indoor guideline values and any values not 
covered by the current guidelines (such as industrial noise and shopping areas) should remain valid. 

Furthermore, the current guidelines complement the NNG from 2009. Two main aspects of the NNG 
constitute this complementarity: the different guiding principles and the comprehensive investigation 
of the immediate physiological effects of environmental noise on sleep. As guiding principles the 
NNG defined effect thresholds or “lowest observed adverse health effect levels” for both immediate 
physiological reactions during sleep (i.e. awakening reactions or body movements during sleep) and 
long-term adverse health effects (i.e. self-reported sleep disturbance). These guideline exposure 
levels defined a level below which no effects were expected to occur (corresponding to 30 dB Lnight) 
and proceeded to define the level where adverse effects start to occur (corresponding to 40 dB Lnight), 
with the aim of protecting the whole population, including – to some extent – vulnerable groups. The 
development of the NNG values relied on evidence-based expert judgement. In contrast, the current 
guidelines formulate recommendations more strictly based on the available evidence and following 
the guiding principle to identify exposure values based on a relevant risk increase of adverse health 
effects. Thus, the recommended guideline values might not lead to full protection of the population, 
including all vulnerable groups. The GDG stresses that the aim of the current guidelines is to define 
an exposure level at which effects certainly begin. 

Secondly, the NNG comprehensively investigate the immediate short-term effects of environmental 
noise during sleep, including physiological reactions such as awakening reactions and body 
movements. They also provided threshold information about single-event noise indicators (such 
as the LA,max). In contrast, the current guideline values for the night time are only based on the 
prevalence of self-reported sleep disturbance and do not take physiological effects into account. 
The causal link between immediate physiological reactions and long-term adverse health effects is 
complex and difficult to prove. Thus, the current guidelines are restricted to long-term health effects 
during night time and therefore only include recommendations about average noise indicators: 
Lnight. Nevertheless, the evidence review on noise and sleep (Basner & McGuire, 2018) includes an 
overview of single-event exposure–effect relationships.
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3. Recommendations
This chapter presents specific recommendations on guideline exposure levels and/or interventions 
to reduce exposure and/or improve health for individual sources of noise: road traffic, railway, 
aircraft, wind turbines and leisure noise. The strength of each recommendation is provided (strong 
or conditional) and a short rationale for how each of the guideline levels was achieved is given. 

The GDG discussed extensively the best way to present guideline exposure levels – either as the 
exact values or in 5 dB steps – and the approach to rounding the values to the nearest integer. 
The 5 dB increment, rounded down from the exact exposure value to the nearest 5 dB level, was 
initially chosen as being commonly applied in noise legislation and used in prior guidelines (WHO, 
1999; EC, 2002a; WHO Regional Office for Europe, 2009). It was also used to meet the principle 
of precaution, since imprecision in the exposure assessment in the field of epidemiology tends to 
attenuate the actual effects in the population. 

Use of 5 dB increments resulted in uneven magnitude of rounding down, however, raising concerns 
of arbitrariness. It became apparent that inclusion of both exact values and the 5 dB rounded-
down values might be confusing and could affect the applicability of the guidelines. Hence, the 
GDG ultimately decided that formulating recommendations based on the exact calculated values, 
rounded only to the nearest integer, would ensure more clarity and transparency. Furthermore, it 
noted that adhering to a 5 dB roster might not reflect the progress in the precision of exposure 
assessment methods in recent decades, which would justify application of a 1 dB step. 

The GDG acknowledged that the recommendations might be presented as the exact guideline 
exposure levels only, leaving the use of 5 dB bands to the potential policy decisions to formulate 
or revise noise legislation, which are beyond the scope of this publication. The WHO guideline 
values are public health-oriented recommendations, based on scientific evidence on health effects 
and on an assessment of achievable noise levels. They are strongly recommended and as such 
should serve as the basis for a policy-making process in which policy options are quantified and 
discussed. It should be recognized that in that process additional considerations of costs, feasibility, 
values and preferences should also feature in decision-making when choosing reference values 
such as noise limits for a possible standard or legislation. 

In addition to the source-specific recommendations in the following sections, a short rationale for the 
decision-making process by the GDG for developing a particular recommendation is provided, as 
well as an overview of the evidence considered. This includes a recapitulation of the specific PICOS/
PECCOS question (see section 2.3.1), along with a summary of evidence for each of the critical and 
important health effects from exposure to each of the noise sources, and for the effectiveness of 
interventions. 

Furthermore, a description is provided of the other factors considered according to the GRADE 
dimensions for the assessment of the strength of recommendations (see section 2.4.4). While 
the quality of evidence is central to determining this, the process of moving from evidence to 
recommendations involves several other considerations. These include values and preferences, 
balance of benefits and harms, consideration of the priority of the problem, resource implications, 
equity and human rights aspects, acceptability and feasibility (WHO, 2014c).
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In accordance with the prioritization process (see section 2.4.3), the GDG set a guideline exposure 
level of 53.3 dB Lden for average exposure, based on the relevant increase of the absolute %HA. 
It was confident that there was an increased risk for annoyance below this noise exposure level, 
but probably no increased risk for other priority health outcomes. In accordance with the defined 
rounding procedure, the value was rounded to 53 dB Lden. As the evidence on the adverse effects of 
road traffic noise was rated moderate quality, the GDG made the recommendation strong. 

             3.1 Road traffic noise

Recommendations

For average noise exposure, the GDG strongly recommends reducing noise levels 
produced by road traffic below 53 dB Lden, as road traffic noise above this level is 
associated with adverse health effects.

For night noise exposure, the GDG strongly recommends reducing noise levels produced 
by road traffic during night time below 45 dB Lnight, as road traffic noise above this level is 
associated with adverse effects on sleep.

To reduce health effects, the GDG strongly recommends that policy-makers implement 
suitable measures to reduce noise exposure from road traffic in the population exposed 
to levels above the guideline values for average and night noise exposure. For specific 
interventions, the GDG recommends reducing noise both at the source and on the route 
between the source and the affected population by changes in infrastructure.

3.1.1 Rationale for the guideline levels for road traffic noise 
The exposure levels were derived in accordance with the prioritization process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to road traffic noise, the process can be summarized as follows (Table 6). 

Summary of priority health outcome evidence Benchmark level Evidence quality

Incidence of IHD
The 5% relevant risk increase occurs at a noise exposure level 
of 59.3 dB Lden. The weighted average of the lowest noise levels 
measured in the studies was 53 dB Lden and the RR increase per 
10 dB is 1.08.

5% increase of RR High quality 

Incidence of hypertension
One study met the inclusion criteria. There was no significant increase 
of risk associated with increased noise exposure in this study.

10% increase of RR Low quality 

Prevalence of highly annoyed population
There was an absolute risk of 10% at a noise exposure level of 
53.3 dB Lden.

10% absolute risk Moderate quality 

Permanent hearing impairment No increase No studies met the 
inclusion criteria

Reading skills and oral comprehension in children One-month delay Very low quality 

Table 6. Average exposure levels (Lden) for priority health outcomes from road traffic noise
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Next, the GDG assessed the evidence for night noise exposure and its effect on sleep disturbance 
(Table 7).

Table 7. Night-time exposure levels (Lnight) for priority health outcomes from road traffic noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance 
3% of the participants in studies were highly sleep-disturbed at 
a noise level of 45.4 dB Lnight 

3% absolute risk Moderate quality 

Based on the evidence of the adverse effects of road traffic noise on sleep disturbance, the GDG 
defined a guideline exposure level of 45.4 dB Lnight. The exact exposure value was rounded to 45 dB 
Lnight. As the evidence was rated moderate quality, the GDG made the recommendation strong.

The GDG also considered the evidence for the effectiveness of interventions. The results showed 
that: 

•	addressing the source by improving the choice of appropriate tyres, road surface, truck restrictions 
or by lowering traffic flow can reduce noise exposure;

•	path interventions such as insulation and barrier construction reduce noise exposure, annoyance 
and sleep disturbance;

•	changes in infrastructure such as construction of road tunnels lower noise exposure, annoyance 
and sleep disturbance;

•	other physical interventions such as the availability of a quiet side of the residence reduce noise 
exposure, annoyance and sleep disturbance. 

Given that it is possible to reduce noise exposure and that best practices already exist for the 
management of noise from road traffic, the GDG made a strong recommendation.

3.1.1.1  Other factors influencing the strength of recommendations 

Other factors considered in the context of recommendations on road traffic noise included those 
related to values and preferences, benefits and harms, resource implications, equity, acceptability 
and feasibility; moreover, nonpriority health outcomes (the incidence of stroke and diabetes) were 
considered. Ultimately, the assessment of all these factors did not lead to a change in the strength 
of the recommendations. Further details are provided in section 3.1.2.3.

3.1.2 Detailed overview of the evidence
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on road traffic noise. It is presented and summarized separately for each of 
the critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of interventions is addressed consecutively. 

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).
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3.1.2.1 Evidence on health outcomes

The key question posed was: in the general population exposed to road traffic noise, what is the 
exposure–response relationship between exposure to road traffic noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied (see section 2.3.1) and 
the main findings is set out in Tables 8 and 9.

Table 8. PICOS/PECCOS scheme of critical health outcomes for exposure to road traffic noise

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by road traffic (average/night time)

Comparison Exposure to lower levels of noise produced by road traffic (average/night time)

Outcome(s) For average noise exposure: 
1. cardiovascular disease
2. annoyance
3. cognitive impairment
4. hearing impairment and tinnitus
5. adverse birth outcomes
6. quality of life, well-being and mental health
7. metabolic outcomes

For night noise exposure: 
1. effects on sleep

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of 
evidence

Cardiovascular disease

Lden Incidence of IHD RR = 1.08 (95% 
confidence interval 
(CI): 1.01–1.15) per 
10 dB increase

53 dB 67 224  
(7)

High (upgraded for 
dose-response)

Lden Incidence of 
hypertension 

RR = 0.97 (95% CI: 
0.90–1.05) per 10 dB 
increase

N/A 32 635  
(1)

Low (downgraded 
for risk of bias and 
because only one 
study was available)

Annoyance

Lden %HA Odds ratio 
(OR) = 3.03 (95% CI: 
2.59–3.55) per 10 dB 
increase

40 dB 34 112  
(25)

Moderate (downgraded 
for inconsistency)

Cognitive impairment

Lden Reading and oral 
comprehension

Not estimated N/A Over 2844  
(1)

Very low (downgraded 
for inconsistency)

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –

Table 9. Summary of findings for health effects from exposure to road traffic noise (Lden)
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Cardiovascular disease 

IHD

A total of three cohort (Babisch & Gallacher, 1990; Babisch et al., 1988; 1993a; 1993b; 1999; 
2003; Caerphilly and Speedwell Collaborative Group, 1984; Sörensen et al., 2012a; 2012c) and 
four case-control studies (Babisch, 2004; Babisch et al., 1992; 1994; 2005a; Selander et al., 2009; 
Wiens, 1995) investigated the relationship between road traffic noise and the incidence of IHD. 
These involved a total of 67 224 participants, including 7033 cases. As identified in Fig. 1, the overall 
RR derived from the meta-analysis was 1.08 (95% CI: 1.01–1.15) per 10 dB Lden increase in noise 
levels, across a noise range of 40 dB to 80 dB. This evidence was rated high quality.

The data were supported by one ecological study conducted with 262 830 participants, including 
418 cases, which also reported a statistically significant estimate (Grazuleviciene et al., 2004; 
Lekaviciute, 2007). In this study, a positive but nonsignificant association was found: RR of 1.12 
(95% CI: 0.85–1.48) per 10 dB Lden increase in noise. This evidence was rated very low quality.

Notes: The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95% CI. 
For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Fig. 1. The association between exposure to road traffic noise (Lden) and incidence of IHD

Study (N) 

Cohort studies
Caerphilly (2369)
Speedwell (2330)

DCH_men (24 294)
DCH_women (26 319)

Pooled (4)

Case-control studies
BCC-1 (243)

BCC-2 (4035)
NAROMI_men (3054)

NAROMI_women (1061)
SHEEP (3518)

Pooled (5)

Pooled, overall (9)

Ecological studies
KAUNUS-1 (262 830)

Estimated RR per 10 dB

0.333            1.000          3.000 
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Notes:  The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the pooled random effect estimates and 95% CI. 
For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Mortality from IHD was also investigated in one case-control (Selander et al., 2009) and two cohort 
studies (Beelen et al., 2009; Gan et al., 2012), which involved 532 268 participants, including 6884 
cases. The quantitative relationship between road traffic noise and mortality from IHD was RR = 1.05 
(95% CI: 0.97–1.13) per 10 dB Lden increase in noise levels (see Fig. 3). This evidence was rated 
moderate quality.

Furthermore, additional evidence was available from eight cross-sectional studies that investigated 
the relationship between road traffic noise and prevalence of IHD (Babisch & Gallacher, 1990; Babisch 
et al., 1988; 1992; 1993a; 1993b; 1994; 1999; 2003; 2005a; 2008; 2012a; 2012b; Caerphilly and 
Speedwell Collaborative Group, 1984; Floud et al., 2011; 2013a; 2013b; Heimann et al., 2007; 
Jarup et al., 2005; 2008; Lercher et al., 2008; 2011; van Poll et al., 2014; Wiens, 1995). These 
studies involved a total of 25 682 participants, including 1614 cases. The overall RR was 1.24 (95% 
CI: 1.08–1.42) per 10 dB Lden increase in road traffic noise levels. The range in noise levels in the 
studies under evaluation was 30–80 dB. The results of the meta-analysis are presented in Fig. 2. 
This evidence was rated low quality.

Estimated RR per 10 dB

Fig. 2. The association between exposure to road traffic noise  (Lden) and prevalence of IHD

Study (N) 

Prevalence of IHD

HYENA (4712)

AWACS.1 (9386)

Caerphilly (2512)

Speedwell (2348)

BCC3 (2375)

BBT_TOTAL (2706)

ALPNAP (1643)

Pooled (7)

0.333       1.000            3.000 
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Notes:  The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95% CI. 
For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Hypertension

One cohort study into the relationship between road traffic noise and incidence of hypertension was 
identified; it involved 32 635 participants, including 3145 cases (Sörensen et al., 2011; 2012c). The 
study found a nonsignificant effect size of 0.97 (95% CI: 0.90–1.05) per 10 dB Lden increase in noise 
levels, which does not support an increased risk of hypertension due to exposure to road traffic 
noise. Because of the risk of bias and the availability of only one study, this evidence was rated low 
quality.

In addition, 26 cross-sectional studies were identified that looked at the association between road 
traffic noise and prevalence of hypertension (Babisch et al., 1988; 1992; 1994; 2005a; 2008; 2012a; 
2012b; 2013a; 2013b; 2014b; 2014c; Barregard et al., 2009; Bjork et al., 2006; Bluhm et al., 2007; 
Bodin et al., 2009; Caerphilly and Speedwell Collaborative Group, 1984; Chang et al., 2011; 2014; 
de Kluizenaar et al., 2007a; 2007b; Dratva et al., 2012; Eriksson et al., 2012; Foraster et al., 2011; 
2012; 2013; 2014a; 2014b; Fuks et al., 2011; Hense et al., 1989; Herbold et al., 1989; Jarup et al., 
2005; 2008; Knipschild et al., 1984; Lercher et al., 2008; 2011; Maschke, 2003; Maschke & Hecht, 

Fig. 3. The association between exposure to road traffic noise (Lden) and mortality from IHD

Estimated RR per 10 dB

0.333         1.000                3.000 
  

Study (N) 

Case-control studies

SHEEP (2320)
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CANADA1_women (221 882)

Pooled (3)

Pooled, overall (4)
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Notes: The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black dots correspond to 
the estimated RR per 10 dB and 95% CI. The white circle represents the summary estimate and 95% CI. For 
further details on the studies included in the figure please refer to the systematic review on environmental noise and 
cardiovascular and metabolic effects (van Kempen et al., 2018).

2005; Maschke et al., 2003; Oftedal et al., 2011; 2014; Selander et al., 2009; van Poll et al., 2014; 
Wiens, 1995; Yoshida et al., 1997). In total, these studies involved 154 398 participants, including 
18 957 cases. The overall RR for prevalence of hypertension was 1.05 (95% CI: 1.02–1.08) per 
10 dB Lden increase in noise levels. The noise range of the studies under evaluation was 20–85 dB. 
The overall evidence was rated very low quality. 

Fig. 4 shows the association between road traffic noise and incidence and prevalence of hypertension.

Estimated RR per 10 dB

Fig. 4. The association between exposure to road traffic noise (Lden)  and hypertension
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Stroke

One cohort study into the relationship between road traffic noise and incidence of stroke was 
identified (Sörensen et al., 2011; 2012b; 2014). It involved 51 485 participants, including 1881 
cases, and found an RR of 1.14 (95% CI: 1.03–1.25) per 10 dB Lden increase in noise levels, across 
a range of around 50–70 dB. The evidence was rated moderate quality. 

Two cross-sectional studies on road traffic noise and prevalence of stroke involved 14  098 
participants, including 151 cases (Babisch et al., 2005a; 2008; 2012a; 2012b; 2013a; Floud et al., 
2011; 2013a; 2013b; Jarup et al., 2005; 2008; van Poll et al., 2014) yielded an estimated RR of 1.00 
(95% CI: 0.91–1.10) per 10 dB Lden increase in noise levels. This evidence was rated very low quality.

Furthermore, three cohort studies investigated the relationship between road traffic noise and 
mortality due to stroke (Beelen et al., 2009; Gan et al., 2012; Sörensen et al., 2011; 2012b; 2014). 
These involved 581  517 participants, including 2634 cases, and their pooled estimate was a 
statistically nonsignificant RR = 0.87 (95% CI: 0.71–1.06) per 10 dB Lden increase in road traffic noise 
levels. This evidence was rated moderate quality.

Fig. 5 presents the results of the meta-analysis for road traffic noise and measures of stroke.

Notes:  The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the summary estimate and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Estimated RR per 10 dB

Fig. 5. The association between exposure to road traffic noise (Lden) and stroke
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Children’s blood pressure

Six cross-sectional studies investigated the change in systolic and diastolic blood pressure in 
children exposed to road traffic noise in residential settings (Belojevic & Evans, 2011; 2012; Bilenko 
et al., 2013; Liu et al., 2013; 2014; Regecova & Kellerova, 1995; van Kempen et al., 2006). In total, 
4197 children were included in these studies; the number of cases was not reported. For each 
increase in 10 dB Lden in noise levels, there was a statistically nonsignificant increase in systolic and in 
diastolic blood pressure of 0.08 mmHg (95% CI: −0.48–0.64) and 0.47 mmHg (95% CI: −0.30–1.24), 
respectively. The overall evidence was rated very low quality.

Furthermore, five cross-sectional studies investigated the association between systolic and diastolic 
blood pressure in children and exposure to road traffic noise in educational settings (Belojevic & 
Evans, 2011; 2012; Bilenko et al., 2013; Clark et al., 2012; Paunovic et al., 2013; Regecova & 
Kellerova, 1995; van Kempen et al., 2006). In total, 4520 children were included in these studies; the 
number of cases was not reported. Systolic blood pressure decreased statistically nonsignificantly, 
at −0.60 mm (95% CI: −1.51–0.30) per 10 dB Lden increase in road traffic noise levels. Diastolic blood 
pressure increased statistically nonsignificantly, at 0.46 mm (95% CI: −0.60–1.53) per 10 dB Lden 
increase in road traffic noise levels. For both relationships, the evidence was rated very low quality.

Annoyance

A vast amount of research proves the association between road traffic noise and annoyance. In total, 
17 road traffic noise studies were identified that were used to model ERFs of the relationship between 
Lden and %HA (Babisch et al., 2009; Brink, 2013; Brink et al., 2016; Brown et al., 2014; 2015; 
Champelovier et al., 2003; Heimann et al., 2007; Lercher et al., 2007; Medizinische Universitaet 
Innsbruck, 2008; Nguyen et al., 2012a; Pierette et al., 2012; Sato et al., 2002; Shimoyama et al., 
2014). These incorporated data from 34 112 study participants. The estimated data points of each of 
the studies are plotted in Fig. 6, alongside an aggregated ERF including the data from all the individual 
studies (see the black line for “WHO full dataset”). The lowest category of noise exposure considered 
in any of the studies, and hence included in the systematic review, is 40  dB, corresponding to 
approximately 9%HA. The benchmark level of 10%HA is reached at 53.3 dB Lden (see Fig 6). 

Table 10 shows the %HA in relation to exposure to road traffic noise. The calculations are based on 
the regression equation %HA = 78.9270–3.1162 × Lden + 0.0342 × Lden

2 derived from the systematic 
review (Guski et al., 2017). Even though there is a large evidence base substantiating the association 
of average road traffic noise and noise annoyance, the overall evidence had to be rated low quality. 
The main reasons for downgrading included limitations regarding the acoustical data provided, 
the nature of study design (most of the studies in the realm of annoyance research follow a cross-
sectional approach), the inconsistency of results and the variety in the questions asked.

Nevertheless, the general quality of the evidence was substantiated with the help of additional 
statistical analyses that apply classic health outcome measures to estimate noise annoyance. When 
comparing road traffic noise exposure at 50 dB and 60 dB, the analyses revealed evidence rated 
moderate quality for an association between road traffic noise and %HA for an increase per 10 dB 
(OR = 2.74; 95% CI: 1.88–4.00). Moreover, there was evidence rated high quality for the increase 
of %HA per 10 dB increase in sound exposure, when data on all sound classes were included 
(OR = 3.03; 95% CI: 2.59–3.55). 



39

RECOMMENDATIONS

Notes: The ERF by Miedema & Oudshoorn (2001) is added in red for comparison. 
 The size of the data points corresponds to the number of participants in the respective study (size = SQRT(N)/10). 
 If two results from different studies fall on the same data point, the last point plotted may mask the former one. 
 The black curve is derived from aggregated secondary data, while the red one is derived from individual data.
 There is no indication of 95% CIs of the WHO full dataset, as a weighting based on the total number of participants 

for each 5 dB Lden sound class could not be calculated; weighting based on all participants of all sound classes 
proved to be unsuitable. The range of data included is illustrated by the distribution of data points.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Lden (dB)

Fig. 6. Scatterplot and quadratic regression of the relationship between road traffic noise 
(Lden) and annoyance (%HA)
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Cognitive impairment

Evidence rated very low quality was available for the association between road traffic noise and 
reading and oral comprehension, assessed by tests. The review identified two papers that reported 
the results of the cross-sectional road traffic and aircraft noise exposure and children’s cognition and 
health (RANCH) study, which examined exposure–effect relationships (Clark et al., 2006; Stansfeld 
et al., 2005). The study of over 2000 children aged 9–10 years, attending 89 schools around three 
major airports in the Netherlands, Spain and the United Kingdom did not find an exposure–effect 
relationship between road traffic noise exposure at primary school, which ranged from 31 to 71 dB 
LAeq,16h, and children’s reading comprehension.

Few studies have investigated other health outcome measures related to cognition. Evidence rated 
low quality was available for an association between road traffic noise and cognitive impairment 
assessed through standardized tests (Cohen et al., 1973; Lukas et al., 1981; Pujol et al., 2014; 
Shield & Dockrell, 2008). There was evidence rated very low quality for an association between 
road traffic noise and long-term memory (Matheson et al., 2010; Stansfeld et al., 2005). No studies 
examined effects on short-term memory.

There was evidence rated very low quality, however, that road traffic noise does not have a 
considerable effect on children’s attention (Cohen et al., 1973; Stansfeld et al., 2005). Further, there 
was evidence rated low quality that road traffic noise does not have a substantial effect on executive 
function (working memory), with studies consistently reporting no association (Clark et al., 2012; 
Matheson et al., 2010; Stansfeld et al., 2005; van Kempen et al., 2010; 2012).

Hearing impairment and tinnitus

No studies were found, and therefore no evidence was available for the association between road 
traffic noise and hearing impairment and tinnitus.

Sleep disturbance

For road traffic noise and self-reported sleep outcomes (awakenings from sleep, the process of 
falling asleep and sleep disturbance), 12 studies were identified that included a total of 20 120 

Table 10. The association between exposure to road traffic noise (Lden) and annoyance (%HA) 

Lden (dB) %HA 
40 9.0

45 8.0

50 8.6

55 11.0

60 15.1

65 20.9

70 28.4

75 37.6

80 48.5
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participants (Bodin et al., 2015; Brown et al., 2015; Hong et al., 2010; Phan et al., 2010; Ristovska et 
al., 2009; Sato et al., 2002; Shimoyama et al., 2014); these were cross-sectional studies, conducted 
in healthy adults. The health outcome was measured by self-reporting via general health and noise 
surveys that included questions about sleep in general, and other questions about how noise affects 
sleep (see Table 11).

Noise 
metric

Priority 
health 
outcome 
measure

Quantitative risk 
for adverse health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight  %HSD OR: 2.13 (95% CI: 
1.82–2.48) per 10 dB 
increase

43 dB 20 120  
(12)

Moderate (downgraded 
for study limitations, 
inconsistency; upgraded for 
dose-response, magnitude 
of effect)

Table 11. Summary of findings for health effects from exposure to road traffic noise (Lnight) 

Lnight (dB) %HSD 95% CI
40 2.0 0.9–3.15

45 2.9 1.40–4.44

50 4.2 2.14–6.27

55 6.0 3.19–8.84

60 8.5 4.64–12.43

65 12.0 6.59–17.36

Table 12. The association between exposure to road traffic noise (Lnight) and sleep disturbance 
(%HSD) 

The model in the systematic review (Basner & McGuire, 2018) was based on outdoor Lnight levels 
between 40 dB and 65 dB only; 40 dB was chosen as the lower limit because of possible inaccuracies 
of predicting lower noise levels. The range of noise exposure reported in the studies reviewed was 
37.5–77.5 dB Lnight. About 2% (95% CI: 0.90–3.15) of the population was characterized as highly 
sleep-disturbed at Lnight levels of 40 dB. The %HSD at other, higher levels of road traffic noise is 
presented in Table 12. The association between road traffic noise and the probability of being highly 
sleep-disturbed was OR: 2.13 (95% CI: 1.82–2.48) per 10 dB increase in noise. This evidence was 
rated moderate quality.

Additional analyses were conducted for other health outcome measures related to sleep, which 
provided supporting evidence on the overall relationship between road traffic noise and sleep 
disturbance. When the noise source was not specified in the question, the relationship between road 
traffic noise and self-reported sleep outcomes was still positive but no longer statistically significant, 
with an OR of 1.09 (95% CI: 0.94–1.27) per 10 dB increase (Bodin et al., 2015; Brink, 2011; Frei et 
al., 2014; Halonen et al., 2012). This evidence was rated very low quality. 
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There was evidence rated moderate quality for an association between road traffic noise and sleep 
outcomes measured with polysomnography (probability of additional awakenings) with an OR of 
1.36 (95% CI: 1.19–1.55) per 10 dB increase in indoor LAS,max 

13 (Basner et al., 2006; Elmenhorst et 
al., 2012). Further, evidence rated low quality showed an association between road traffic noise and 
sleep outcomes measured as motility in adults (Frei et al., 2014; Griefahn et al., 2000; Oehrstroem 
et al., 2006a; Passchier-Vermeer et al., 2007; Pirrera et al., 2014). Finally, there was evidence rated 
very low quality for an association between road traffic noise and both self-reported and motility-
measured sleep disturbance in children (Ising & Ising, 2002; Lercher et al., 2013; Oehrstroem et al., 
2006a; Tiesler et al., 2013).

3.1.2.2 Evidence on interventions 

This section summarizes the evidence underlying the recommendation on the effectiveness of 
interventions for road traffic noise exposure. The key question posed was: in the general population 
exposed to road traffic noise, are interventions effective in reducing exposure to and/or health 
outcomes from road traffic noise? A summary of the PICOS/PECCOS scheme applied and the main 
findings is set out in Tables 13 and 14.  

Table 13. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to road 
traffic noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measures that aim to change noise exposure and associated health effects; 

(b) a measures that aim to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measures designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

13  LAS,max is the maximum time-weighted and A-weighted sound pressure level with SLOW time constant within a stated 
time interval starting at t1 and ending at t2, expressed in dB. 
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Note: a This figure does not include number of participants from the studies by Langdon & Griffiths (1982) and Baughan & 
Huddart (1993), as the exact number of respondents was not reported.

Type of intervention Number of 
participants 
(studies)

Effect of intervention Quality of 
evidence

Annoyance

Type A – source interventions
(change in traffic flow rate, improved 
road resurfacing, truck restriction 
strategy, complex set of barriers, 
road surfaces and other measures)

6096a

(9)

•	Changes in noise level ranged from 
around −15 dB to +15.5 dB (various 
noise metrics).

•	Most studies found that the intervention 
resulted in a change in annoyance.

Moderate
(downgraded for 
study limitations; 
upgraded for 
dose-response)

Type B – path interventions
(dwelling insulation, barrier 
construction, building intervention) 

2970  
(7)

•	Changes in noise level ranged from 
−3 dB to −13 dB (various noise 
metrics).

•	All studies found that the intervention 
resulted in a change in annoyance, as 
estimated by an ERF.

Moderate
(downgraded for 
study limitations; 
upgraded for 
dose-response)

Type C – changes in infrastructure
(new road tunnel infrastructure)

1211  
(2)

•	Noise levels reduced by an average of 
−12 dB (LAeq,24h).

•	Both studies found lower annoyance 
responses post intervention, with no 
change in the controls.

Moderate
(downgraded for 
study limitations; 
upgraded for 
dose-response)

Type D – other physical 
interventions (availability of quiet 
side to the dwelling, existence of 
nearby green space)

26 786  
(6)

•	Because of large variability in noise 
levels between most and least exposed 
façade (quiet side), access to quiet side 
and/or green space resulted in less 
annoyance.

Very low
(downgraded for 
study limitations) 

Sleep disturbance

Type B – path interventions 
(1: façade insulation; 
 2: enlargement of motorway lanes 

but with dwelling insulation, 
barriers and quiet pavement)

1158  
(2)

•	 1: façade insulation resulted in a 
reduction of 7 dB for indoor noise level.

•	 2: enlargement led to reduction in 
the extent of population exposure at 
higher noise levels (55–65 dB) with an 
increase in lower levels (45–55 dB)

•	Both path interventions resulted in 
changes in sleep outcomes 

Moderate
(downgraded for 
study limitations)

Type C – changes in infrastructure
(new road tunnel infrastructure)

166  
(2)

•	Noise levels reduced by an average of 
−12 dB (LAeq,24h).

•	Both studies found lower sleep 
disturbance indicators/ 
improvement in sleep post intervention, 
with no change in the controls.

Moderate
(downgraded for 
study limitations)

Type D – other physical 
interventions
(availability of quiet side to the 
dwelling)

100  
(1)

•	An absence of quiet façade resulted in 
increased reporting of difficulty in falling 
asleep.

Very low
(downgraded for 
study limitations, 
inconsistency)

Cardiovascular disease

Type D – other physical 
interventions
(availability of quiet side to the 
dwelling)

9203  
(4)

•	 Three studies found changes (including 
in self-reported hypertension) with and 
without a quiet side. One study found 
no change.

Very low
(downgraded for 
study limitations)

Table 14. Summary of findings for road traffic noise interventions by health outcome
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Type A – source interventions 

Most of the nine source intervention studies – Baughan & Huddart (1993), Brown (1987; 2015), Brown 
et al. (1985), Griffiths & Raw (1987; 1989), Kastka (1981), Langdon & Griffiths (1982), Pedersen et al. 
(2013; 2014), Stansfeld et al. (2009b) – showed an effect in annoyance due to changes in road traffic 
flow rates. In some cases these were combined with other measures like improved road resurfacing, 
truck restrictions or complex control measures, including barriers or road surfaces. A majority of the 
changes resulted in reductions of noise levels. 

Regarding the strength of association between exposure and annoyance outcome, all intervention 
studies demonstrated that the response was of at least the magnitude estimated by a steady-
state ERF. The limited available evidence on long-term effects shows that this excess response 
undergoes some attenuation but is largely maintained over several years. In spite of the high risk of 
bias in all studies, the evidence in the systematic review was initially assessed as high quality, due 
to an upgrade because of the dose-response effect. However, the GDG decided to downgrade 
this assessment in an effort to maximize consistency with the grading approach of the remaining 
systematic reviews. It was therefore rated moderate quality.

Type B – path interventions 

Seven path intervention studies – Amundsen et al. (2011; 2013), Bendtsen et al. (2011), Gidloef-
Gunnarsson et al. (2010), Kastka et al. (1995), Nilsson & Berglund (2006), Vincent & Champelovier 
(1993) – explored the effects on annoyance by interventions related to dwelling insulation, barrier 
constructions and a combination of both, as well as a full-scale building intervention. With the help 
of pre/post designs, the studies assessed changes in noise exposure achieved by the interventions 
over different periods of time. In six studies the path intervention was associated with a change in 
annoyance outcomes. Four of these showed that the annoyance response to the change was in 
the same direction and of at least the same magnitude estimated by the ERF. In spite of the high 
risk of bias in all studies, the evidence in the systematic review was initially assessed as high quality, 
due to an upgrade because of the dose-response effect. However, the GDG decided to downgrade 
this assessment in an effort to maximize consistency with the grading approach of the remaining 
systematic reviews. The evidence was therefore rated moderate quality. 

Two of the studies (Amundsen et al., 2013; Bendtsen et al., 2011) assessed path interventions 
and sleep disturbance. The results showed a reduction in the %HSD after the interventions were 
conducted. One of the studies included a two-year follow-up, revealing the persistence of the effect. 
Risk of bias was assessed as high in both studies. The evidence was rated moderate quality.

Type C – new/closed infrastructure interventions 

Two infrastructural intervention studies (Gidloef-Gunnarsson et al., 2013; Oehrstroem, 2004; 
Oehrstroem & Skanberg, 2000) evaluated the impact on annoyance of major reductions in road 
traffic flows, combined with other environmental improvements. One was a new road tunnel 
infrastructure, resulting in substantial traffic and noise levels reductions for residents near the 
previously heavy-traffic road. Both studies were pre/post designs using repeated measures of 
annoyance outcomes. Following the reduction in noise levels (around −12 dB LAeq,24h), both studies 
demonstrated a statistically significant lower degree of annoyance, while there was no change in 
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the control group. Both also reported that the after-scores in the studies matched those estimated 
by the ERF, but both reported excess response, meaning that the response to change was in the 
direction estimated by the ERF but much steeper. In spite of the high risk of bias in all studies, the 
quality of the evidence in the systematic review was initially assessed as high, due to an upgrade 
because of the dose-response effect. However, the GDG decided to downgrade this assessment in 
an effort to maximize consistency with the grading approach of the remaining systematic reviews. 
The evidence was therefore rated moderate quality.

Two studies investigated the impact of new tunnels that removed traffic flow from surface roads 
on sleep disturbance (Oehrstroem, 2004; Oehrstroem & Skanberg, 2000; 2004). Subjective and 
objective measures of sleep quality were assessed before and after the intervention. Both studies 
demonstrated a statistically significant lower reporting of various sleep disturbance indicators 
post intervention. One study reported statistically significantly reduced time spent in bed after the 
intervention, which, according to the authors, could suggest increased sleep efficiency. Risk of bias 
was assessed as high, so this evidence was rated moderate quality.

Type D – other physical infrastructure interventions 

No intervention studies were available to assess impacts on annoyance of other physical interventions. 
The only relevant studies (Babisch et al., 2012; de Kluizenaar et al, 2011; 2013; Gidloef-Gunnarsson 
& Oehrstroem 2007; van Renterghem & Botteldooren, 2012; 2010) did not provide direct evidence 
of an intervention. Instead, they provided indirect evidence on the magnitude of the likely effect of 
certain interventions (e.g. using the quiet side of the dwelling, green space in the neighbourhood) 
by comparing responses from groups with and without the intervention/feature of interest. All 
studies found an effect of the presence of the dimension investigated; in all but one, the effect was 
statistically significant. Risk of bias was assessed as high in all studies, so the evidence was rated 
very low quality.

One study investigated a subjective assessment of difficulty in falling asleep (van Renterghem & 
Botteldooren, 2012), before and after the intervention. The difference in the proportion of participants 
reporting difficulty falling asleep “at least sometimes” between homes with and without a quiet side 
was statistically significant. Absence of a quiet façade resulted in increased reporting of this sleep 
parameter. Confounding was adjusted for in the analyses of the ERFs, including noise sensitivity, 
window-closing behaviour and front-façade Lden. Risk of bias was assessed as high, so the evidence 
was rated very low quality.

Four studies that assessed the effect of other physical interventions on cardiovascular disease were 
identified (Babisch et al., 2012; 2014a; Bluhm et al., 2007; Lercher et al., 2011). Three of these 
found changes, including self-reported hypertension, with and without a quiet side of the dwelling; 
in two the difference was statistically significant. The risk of bias in these studies was generally high, 
so the evidence was rated very low quality.

3.1.2.3 Consideration of additional contextual factors

As the foregoing overview has shown, ample evidence about the adverse health effects of long-term 
exposure to road traffic noise exists. Based on the quality of the available evidence, the GDG set 
the strength of the recommendation on road traffic noise at strong. As a second step, it qualitatively 
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assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These considerations mainly concerned the balance of harms and 
benefits, values and preferences, equity, and resource use and implementation. 

When assessing the balance of harms and benefits of interventions to reduce exposure to road 
traffic noise, the GDG initially noted that road traffic is the most widespread source of noise pollution, 
measured in terms of the number of affected people both within and outside urban areas. The EEA 
estimates that more than 100 million people in Europe are exposed to Lden levels above 55 dB; for 
night-time road traffic noise, over 72 million Europeans are exposed to Lnight levels above 50 dB 
(Blanes et al., 2017).14 The amount of road traffic noise emitted is unlikely to decrease significantly: 
both transport demand, including for passenger cars (EC, 2016b), and the number of city inhabitants 
(Eurostat, 2016) are expected to increase. Considering the significant burden of disease attributable 
to exposure to road traffic noise (WHO Regional Office for Europe & JRC, 2011), the GDG expects 
substantial health benefits to evolve from implementing the recommendations to reduce population 
exposure to road traffic noise. Depending on the intervention measures used (such as restrictions 
of traffic), possible harms could include effects on the transportation of goods and on individual 
mobility of the population. Both can have impacts on local, national and international economies. 
Overall, the GDG estimated that the benefits gained from minimizing adverse health effects due to 
road traffic noise exposure outweigh the possible (economic) harms. 

Considering values and preferences, it has been established that people appreciate quiet areas as 
beneficial for their health and well-being, especially in urban areas (Shepherd et al., 2013; Gidloef-
Gunnarsson & Oehrstroem, 2007; Oehrstroem et al., 2006b). Nevertheless, the GDG recognized 
that the convenience of individual mobility with the help of passenger cars is valued overall by 
large parts of the population in the EU, as illustrated by the sustained high volume of passenger 
kilometres driven in Europe (EEA, 2016a; 2017a). In general, values and preferences are expected 
to vary throughout society, as exposure to environmental noise and continuous road traffic noise is 
not equally distributed: those of individuals directly affected by long-term road traffic exposure are 
likely to differ from those that are not affected. Individuals with a higher average sound pressure level 
of road traffic noise are, for example, more willing to pay to reduce their noise exposure (Bristow et 
al., 2014). 

In light of the dimension of equity, the GDG highlighted the fact that the risk of exposure to road 
traffic noise is not equally distributed throughout society. People with lower socioeconomic status 
and other disadvantaged groups often live in more polluted and louder areas, including in proximity 
to busy roads (EC, 2016a). Moreover, socioeconomic factors are not only related to differences in 
exposure to environmental factors such as noise but are also associated with increased vulnerability 
and poorer coping capacities (Karpati et al., 2002). 

With resource use and implementation considerations, the GDG recognized that no comprehensive 
cost–benefit analysis for the WHO European Region yet exists, so this assessment is based on 
informed expert judgement regarding the feasibility of implementing the recommendation for the 
majority of the population. As the systematic review of environmental noise interventions and their 

14 These are gap-filled figures based on the reported data and including the situation both within and outside cities, as 
defined by the END. 
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associated impact on health shows, various effective measures exist to reduce noise exposure from 
road traffic and improve health (Brown & van Kamp, 2017). The resources needed to implement 
these measures vary as they rely on the type of intervention and the context. The GDG pointed out 
the following four major solutions, which are known to be cost-effective: choice of appropriate tyres, 
use of low-noise road surfaces, building of noise barriers and installation of soundproof windows 
(CSES et al., 2016). Other types of intervention include limitations of speed or type of traffic allowed 
on roads.

Regarding feasibility of implementation, the GDG was convinced that many of the solutions can be 
planned as part of regular maintenance processes and accelerated fleet and road modernization. 
In particular, appropriate tyres and road surfaces are only slightly more expensive than existing 
products, and various countries have already considered or adopted similar interventions to 
reduce noise levels (Ohiduzzaman et al., 2016; Sirin, 2016). This indicates that solutions to achieve 
recommended noise levels can be implemented and carry a reasonable cost on a societal level. 
The GDG noted, however, that the feasibility of implementing measures can be hindered by the 
fact that costs and benefits are not evenly distributed. In most cases, the health benefits gained 
by interventions that reduce long-term road traffic exposure accrue to citizens, whereas the costs 
are borne by road users, private companies and public authorities. Furthermore, the GDG expects 
challenges in the implementation of all long-term measures that include changes in behaviour of 
the population, such as increased use of car-sharing or public transport. Even though the overall 
costs are expected to be significant, because of the large number of people affected, the benefit of 
implementation of the recommendation to minimize the risk of adverse health effects due to road 
traffic noise for a majority of the population exceeds the resources needed. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains strong. 

Other nonpriority adverse health outcomes

As an additional consideration, although not priority health outcomes and coming from a single 
study, the GDG noted the evidence rated moderate quality for an association between road traffic 
noise and the prevalence of diabetes (van Kempen et al., 2018). The noise levels in the study 
identified ranged from around 50 dB to 70 dB Lden, so the recommendation proposed is thought to be 
protective enough for this health outcome. Thus, it did not lead to a change in the recommendation.

Additional considerations or uncertainties

Individual noise annoyance judgements of residents are to a large extent moderated by personal 
variables (such as noise sensitivity and coping capacity). However, further situational factors that apply 
to many residents should be taken into account when analysing noise annoyance from road traffic 
noise, as they may moderate the relationship. These include the type(s) of road being considered 
(highways, urban main roads, secondary roads and so on) and the related traffic composition (share 
of cars, motorcycles and heavy and loud trucks) and pattern (fluctuation, frequency, intermittency). 
Moreover, the location of settlements and/or individual dwellings, proximity to the road, and location 
and availability of a quiet façade can also influence the relationship when predicting health outcomes 
such as annoyance.
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3.1.3 Summary of the assessment of the strength of the recommendations
Table 15 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the road traffic noise recommendations. 

Factors influencing 
the strength of 
recommendation

Decision

Quality of evidence Average exposure (Lden)

Health effects
•	Evidence for a relevant RR increase for incidence of IHD at 59 dB Lden was 

rated high quality.
•	Evidence for the incidence of hypertension was rated low quality.
•	Evidence for a relevant absolute risk of annoyance at 53 dB Lden was rated 

moderate quality.
•	Evidence for a relevant RR increase for reading and oral comprehension was 

rated very low quality.

Interventions
•	Evidence on effectiveness of interventions to reduce noise exposure and/or 

health outcomes from road traffic noise is of varying quality.

Night-time exposure (Lnight)

Health effects
•	Evidence for a relevant absolute risk of sleep disturbance related to night noise 

exposure from road traffic at 45 dB Lnight was rated moderate quality. 

Interventions
•	Evidence on effectiveness of interventions to reduce noise exposure and/or 

sleep disturbance from road traffic noise is of varying quality. 

Balance of benefits versus 
harms and burdens

Health benefits can be gained from markedly reducing exposure of the 
population to road traffic noise; benefits outweigh the harms of interventions to 
reduce continuous road traffic noise. 

Values and preferences Quiet areas are valued by the population, especially by those affected by 
continuous noise exposure. Some variability is possible between those who 
benefit from interventions to reduce road traffic noise and those who finance the 
interventions. 

Equity Risk of exposure to road traffic noise is not equally distributed. 

Resource use and implications No comprehensive cost–effectiveness analysis data are available; nevertheless, a 
wide range of solutions exists and several are being implemented, showing that 
effective interventions are both feasible and economically reasonable. 

Decisions on recommendation 
strength 

•	Strong for guideline level for average noise exposure (Lden) 

•	Strong for guideline value for average night noise exposure (Lnight)

•	Strong for specific interventions to reduce noise exposure

Table 15. Summary of the assessment of the strength of the road traffic noise recommendation
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      3.2 Railway noise

Recommendations

Summary of priority health outcome evidence Benchmark 
level

Evidence quality

Incidence of IHD
No studies were available and therefore incidence of IHD could not be 
used to assess the exposure level.

5% increase of RR No studies met the 
inclusion criteria/no 
studies available

Incidence of hypertension 
One study met the inclusion criteria. There was no significant increase of 
risk associated with increased noise exposure in this study.

10% increase of RR Low quality 

Prevalence of highly annoyed population
There was an absolute risk of 10% at a noise exposure level of 53.7 dB Lden.

10% absolute risk Moderate quality 

Permanent hearing impairment No increase No studies met the 
inclusion criteria/no 
studies available

Reading skills and oral comprehension in children One-month delay No studies met the 
inclusion criteria/no 
studies available

Table 16. Average exposure levels (Lden) for priority health outcomes from railway noise 

For average noise exposure, the GDG strongly recommends reducing noise levels 
produced by railway traffic below 54 dB Lden, as railway noise above this level is associated 
with adverse health effects. 

For night noise exposure, the GDG strongly recommends reducing noise levels produced 
by railway traffic during night time below 44 dB Lnight, as railway noise above this level is 
associated with adverse effects on sleep. 

To reduce health effects, the GDG strongly recommends that policy-makers implement 
suitable measures to reduce noise exposure from railways in the population exposed to 
levels above the guideline values for average and night noise exposure. There is, however, 
insufficient evidence to recommend one type of intervention over another. 

3.2.1 Rationale for the guideline levels for railway noise
The exposure levels were derived in accordance with the prioritizing process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to railway noise, the process can be summarized as follows (Table 16).

In accordance with the prioritization process (see section 2.4.3), the GDG set a guideline exposure 
level of 53.7 dB Lden for average exposure, based on the relevant increase of the absolute %HA. 
In accordance with the defined rounding procedure, the value was rounded to 54 dB Lden. As the 
evidence on the adverse effects of railway noise was rated moderate quality, the GDG made the 
recommendation strong. 
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Next, the GDG assessed the evidence for night noise exposure and its effect on sleep disturbance 
(Table 17).

Based on the evidence of the adverse effects of railway noise on sleep disturbance, the GDG 
defined a guideline exposure level of 43.7 dB Lnight. The exact exposure value was rounded to 44 dB 
Lnight. As the evidence was rated moderate quality, the GDG made the recommendation strong.

The GDG also considered the evidence for the effectiveness of interventions. The results showed 
that: 

•	intervening at the source by applying rail grinding procedures can reduce noise annoyance;

•	behavioural interventions such as informing the community about noise interventions can reduce 
noise annoyance. 

In light of the strong evidence about the adverse health effects, the GDG followed a precautionary 
approach and made a strong recommendation for interventions on railway noise, as it was confident 
that interventions are realizable and that best practices already exist for the management of noise 
from railways. Since the empirical evidence on the effectiveness of different types of intervention 
was rated either low or very low quality, the GDG felt that no recommendation could be made on 
the preferred type of intervention, and agreed not to recommend any specific type of intervention 
over another. 

3.2.1.1 Other factors influencing the strength of recommendations 

Other factors considered in the context of recommendations on railway noise included those related 
to values and preferences, benefits and harms, resource implications, equity, acceptability and 
feasibility; moreover, nonpriority health outcomes were considered. The assessment of all these 
factors – especially the values and preferences involved in railway noise – did not lead to a change 
in the strength of the recommendations. Further details are provided in Section 3.2.2.3.

3.2.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on railway noise. It is presented and summarized separately for each of the 
critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of interventions is addressed consecutively. 

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance

3% of the participants in studies were highly sleep-disturbed 
at a noise level of 43.7 dB Lnight 

3% absolute risk Moderate quality 

Table 17. Night-time exposure levels (Lnight) for priority health outcomes from railway noise
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Note: a Results are partly derived from population-based studies.

3.2.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to railway noise, what is the 
exposure–response relationship between exposure to railway noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 18 and 19. 

Table 18. PICOS/PECCOS scheme of critical health outcomes for exposure to railway noise 

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by railway traffic (average/night time)

Comparison Exposure to lower levels of noise produced by railway traffic (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 19. Summary of findings for health effects from exposure to railway noise (Lden)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)a

Quality of evidence

Cardiovascular disease

Lden Incidence of IHD – – – –

Lden Incidence of 
hypertension 

RR = 0.96 (95% CI: 
0.88–1.04) per 10 
dB increase

N/A 7249  
(1)

Low (downgraded for risk 
of bias and availability of 
only one study)

Annoyance

Lden %HA OR = 3.53 (95% 
CI: 2.83–4.39) per 
10 dB increase

34 10 970  
(10)

Moderate (downgraded 
for inconsistency, 
directness; upgraded for 
dose-response)

Cognitive impairment

Lden Reading and oral 
comprehension

– – – –

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –
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Notes:  The dotted vertical line corresponds to no effect of exposure to railway noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the pooled random effect estimates and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Hypertension

One cohort study on the relationship between railway noise and hypertension was identified; it 
assessed the incidence among people living in Denmark (Sörensen et al., 2011; 2012a). The study 
involved 7249 participants, including 3145 cases. The authors did not find an association between 
railway noise exposure and incidence of hypertension, with RR = 0.96 (95% CI: 0.88–1.04) per 
10 dB Lden increase. This evidence was rated low quality.

Cardiovascular disease

IHD

No evidence was available on the relationship between railway noise and the incidence of or mortality 
from IHD. Four cross-sectional studies were identified, however, that assessed the prevalence of 
IHD in a total of 13 241 participants, including 283 cases (Heimann et al., 2007; Lercher et al., 2008; 
2011; van Poll et al., 2014). The overall risk was not statistically significantly increased: the RR was 
1.18 (95% CI: 0.82–1.68) per 10 dB Lden increase, with inconsistency across studies (see Fig. 7). The 
evidence was rated very low quality.

Fig. 7. The association between exposure to railway noise (Lden) and prevalence of IHD

Estimated RR per 10 dB

0.111         0.333        1.000          3.000          9.000         27.000 
  

Study (N) 

Prevalence of IHD
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Pooled (3)
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Fig. 8. The association between exposure to railway noise (Lden) and hypertension
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In addition, five cross-sectional studies assessed the prevalence of hypertension in 15  850 
participants, including 2059 cases (Barregard et al., 2009; Eriksson et al., 2012; Lercher et al., 
2008; 2011; van Poll et al., 2014). The overall RR increase was not statistically significant, at 1.05 
(95% CI: 0.88–1.26) per 10 dB Lden increase. Moreover, there was inconsistency among the results 
across studies. The evidence was rated very low quality.

Fig. 8 presents the studies investigating the relationship between railway noise and different measures 
of hypertension.

Notes:  The dotted vertical line corresponds to no effect of exposure to railway noise. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the summary estimate and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Stroke

As for IHD, no evidence was available on the relationship between railway noise and incidence 
of or mortality from stroke. However, one cross-sectional study was identified that assessed the 
prevalence of stroke in 9365 participants, including 89 cases (van Poll et al., 2014). The overall 
risk was not statistically significantly increased, with RR = 1.07 (95% CI: 0.92–1.25) per 10 dB Lden 
increase. The evidence was rated very low quality.
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Children’s blood pressure

No evidence was available for the association between railway noise and the systolic and/or diastolic 
blood pressure of children in residential and/or educational settings.

Annoyance

In total, 10 studies with ERFs on the association between railway noise and annoyance were 
included in analyses (Champelovier et al., 2003; Gidloef-Gunnarsson et al., 2012; Lercher et al., 
2007; 2008; Sato et al., 2004; Schreckenberg, 2013; Yano et al., 2005; Yokoshima et al., 2008). 
The studies incorporated individual data from 10 970 participants. The estimated data points of 
each of these studies are plotted in Fig. 9, alongside an aggregated ERF including the data from 
all the individual studies (see the black line for “WHO dataset, Rail”). The lowest category of noise 
exposure considered in any of the studies, and hence included in the systematic review is 40 dB, 
corresponding to approximately 1.5%HA. The 10% benchmark for %HA is reached at 53.7 dB Lden 
(see Fig. 9).

Notes: The ERF by Miedema & Oudshoorn (2001) is added in red for comparison.
 There is no indication of 95% CIs of the WHO dataset curve, as a weighting based on the total number of participants 

for each 5 dB Lden sound class could not be calculated; weighting based on all participants of all sound classes 
proved to be unsuitable. The range of data included is illustrated by the distribution of data points.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Fig. 9. Scatterplot and quadratic regression of the relationship between railway noise (Lden)
and annoyance (%HA) 
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Lden (dB) %HA 
40 1.5

45 3.4

50 6.6

55 11.3

60 17.4

65 25.0

70 33.9

75 44.3

80 56.1

Table 20. The association between exposure to railway noise (Lden)  and annoyance (%HA)

Table 20 shows the %HA for railway noise exposure. The calculations are based on the regression 
equation %HA = 38.1596–2.05538 × Lden + 0.0285 × Lden

2 derived from the systematic review (Guski 
et al., 2017). The overall evidence was rated moderate quality. Additional statistical analyses of 
annoyance outcomes supported these findings. When comparing railway noise exposure at 50 dB 
and 60  dB, the analyses revealed evidence rated moderate quality for an association between 
railway noise and %HA for an increase per 10  dB (OR  =  3.40; 95% CI: 2.05–5.62). Moreover, 
evidence rated high quality was available for the increase in %HA per 10 dB increase in sound 
exposure, when data on all sound classes were included (OR = 3.53; 95% CI: 2.83–4.39). 

Cognitive impairment

Studies of railway noise on children’s reading and oral comprehension were lacking. Nevertheless, 
other measures of cognition yielded evidence rated very low quality for an association between 
railway noise and children with poorer performance on standardized assessment tests (Bronzaft, 
1981; Bronzaft & McCarthy, 1975). Evidence for the association between railway noise and children 
having poorer long-term memory (Lercher et al., 2003) was rated very low quality. No studies 
examined effects on short-term memory. 

There was no clear relation between railway noise and attention in children (Lercher et al., 2003), and 
this evidence was rated very low quality.

Hearing impairment and tinnitus

No studies were found, and therefore no evidence was available on the association between railway 
noise and hearing impairment and tinnitus.

Sleep disturbance

For railway noise and self-reported sleep outcomes (awakenings from sleep, the process of falling 
asleep and sleep disturbance), five studies were identified that included a total of 7133 participants 
(Bodin et al., 2015; Hong et al., 2010; Sato et al., 2004; Schreckenberg, 2013). The studies 
were cross-sectional and conducted on healthy adults. The health outcome was measured by 
self-reporting via general health surveys and noise surveys that included questions about sleep in 
general, and other questions about how noise affects sleep (Table 21).
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Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight %HSD OR: 3.06 (95% CI: 
2.38–3.93) per 10 
dB increase

33 dB 7133  
(5)

Moderate (downgraded 
for study limitations, 
inconsistency; upgraded for 
dose-response, magnitude 
of effect)

Table 21. Summary of findings for health effects from exposure to railway noise (Lnight)

The model in the systematic review (Basner & McGuire, 2018) was based on outdoor Lnight levels 
between 40 dB and 65 dB only; 40 dB was chosen as the lower limit because of possible inaccuracies 
in predicting lower noise levels. The range of noise exposure reported in the studies was 27.5–82.5 dB 
Lnight. About 2% (95% CI: 0.79–3.48) of the population was characterized as highly sleep-disturbed 
for Lnight levels of 40 dB. The %HSD at other, higher levels of railway noise is presented in Table 17. 
The association between railway noise and the probability of being sleep-disturbed was OR: 3.1 
(95% CI: 2.4–3.9) per 10 dB increase in noise. This evidence was rated moderate quality.

Table 22. The association between exposure to railway noise (Lnight) and sleep disturbance 
(%HSD)

Lnight  (dB) %HSD 95% CI
40 2.1 0.79–3.48

45 3.7 1.63–5.71

50 6.3 3.12–9.37

55 10.4 5.61–15.26

60 17.0 9.48–24.37

65 26.3 15.20–37.33

Additional analyses were conducted for sleep quality measures, which provided supporting evidence 
on the overall relationship between railway noise and sleep. When the noise source was not specified 
in the question, the relationship between railway noise and self-reported sleep outcomes was still 
positive but no longer statistically significant, with an OR of 1.27 (95% CI: 0.89–1.81) per 10  dB 
increase (Bodin et al., 2015; Brink, 2011; Frei et al., 2014). This evidence was rated very low quality. 

There was evidence rated moderate quality for an association between railway noise and the probability 
of additional awakenings, measured with polysomnography, with an OR of 1.35 (95% CI: 1.21–1.52) 
per 10 dB increase in indoor LAS,max (Elmenhorst et al., 2012). Finally, evidence rated low quality was 
available for an association between railway noise and sleep outcomes measured as motility in adults 
(Griefahn et al., 2000; Hong et al., 2006; Lercher et al., 2010; Passchier-Vermeer et al., 2007), and 
rated very low quality for an association between railway noise and both self-reported and motility-
measured sleep disturbance in children (Ising & Ising, 2002; Lercher et al., 2013; Tiesler et al., 2013).

3.2.2.2 Evidence on interventions 

This section summarizes the evidence underlying the recommendation on the effectiveness of 
interventions for railway noise exposure (Tables 23 and 24). The key question posed was: in the 
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Note: a According to Lam & Au (2008), this records the number of invitation letters sent; the response rate was not reported.

general population exposed to railway noise, are interventions effective in reducing exposure to and/
or health outcomes from railway noise? A summary of the PICOS/PECCOS scheme applied and the 
main findings is set out in Tables 23 and 24.

Table 23. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to 
railway noise 

PICO Description
Population General population

Intervention(s) The interventions can be defined as:
(a) a measure that aims to change noise exposure and associated health effects; 
(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 

health; or 
(c) a measure designed to reduce health effects, but that may not include a reduction in noise 

exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 24. Summary of findings for railway noise interventions by health outcome

Type of intervention Number of 
participants  
(studies)

Effect of intervention Quality of 
evidence

Annoyance

Type A – source 
interventions
(rail grinding)

81  
(1)

•	Changes in noise level as a consequence of the 
intervention ranged from around −7dB to −8 dB. 

•	Most studies found changes in annoyance 
outcomes, persisting more than 12 months after 
the intervention.

Very low
(downgraded for 
study limitations, 
inconsistency, 
imprecision)

Type C – changes in 
infrastructure
(new rail infrastructure)

6000a  
(1)

•	A very small increase in total noise exposure 
was found (most had <+1 dB change; some had 
+2–4 dB change).

•	Original noise from road traffic overwhelmed the 
train noise for effectively all participants.

Very low
(downgraded for 
study limitations, 
inconsistency, 
imprecision)

Type E – behaviour 
change interventions
(informing the 
community about a 
noise intervention)

411  
(1)

•	Exposure levels were not reported; emission 
levels reduced by 1–2 dB.

•	A reduction in annoyance of the community as a 
result of the intervention was reported.

Very low
(downgraded for 
study limitations, 
inconsistency, 
imprecision)
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Three studies on railway noise interventions met the criteria to be included in the evidence base. 
All studies consisted of a pre/post design and reported annoyance outcomes at people’s dwellings 
(Lam & Au, 2008; Moehler et al., 1997; Schreckenberg et al., 2013). They could be categorized as 
a source intervention, a new/closed infrastructure intervention and a communication intervention. 
In two of the studies, the changes in exposure after the intervention were only small, although there 
were significant effects on noise annoyance. The study on source interventions and annoyance 
revealed that a change of −10 dB in noise exposure led to a significant reduction in annoyance, which 
persisted over a period of 12 months after the intervention. As confounding was not addressed, and 
railway noise was not the dominant sound source in the studies, the evidence was rated very low 
quality. 

3.2.2.3 Consideration of additional contextual factors 

As the foregoing overview has shown, sufficient evidence about the adverse health effects of long-
term exposure to railway noise exists. Based on the quality of the available evidence, the GDG 
set the strength of recommendation on railway noise at strong. As a second step, it qualitatively 
assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These contextual considerations mainly concerned the balance of 
harms and benefits, values and preferences, and resource use and implementation. 

When assessing the balance of harms and benefits of interventions to reduce exposure to railway 
noise and minimize noise-associated adverse health effects, the GDG recognized that railway 
transportation is the second most dominant source of environmental noise in Europe. Based on 
EEA estimates, the number of people exposed to Lden above 55 dB and Lnight above 50 dB from 
railway noise is 17 million and 15 million, respectively (Blanes et al., 2017).15 In light of the burden of 
disease from environmental noise, and railway noise in particular, the GDG agreed that the health 
benefits from a reduction of long-term railway noise exposure (especially during night time) to the 
recommended values would be significant. Considering possible harms related to adaptation of the 
recommended values, the GDG noted that reliance on railway transportation has increased in recent 
years in Europe and is expected to increase further, as an important component of the shift towards 
a greener economy. At a societal level, an environmental and economic benefit from the use of rail 
transportation is expected: trains contribute to lower environmental pollution and carbon emission 
than road transportation. Therefore, there is a need to balance the expected health benefits from 
reduced continuous railway noise exposure and the overall positive effects on the health of the 
population from increased reliance on the comparatively environmentally friendly mode of railway 
transportation. Overall, the GDG agreed that even though fewer people are exposed to railway noise 
than road traffic noise, it remains a major source of localized noise pollution; therefore, considerable 
benefits are gained by reducing exposure to railway noise. 

When exploring values and preferences, the GDG acknowledged that, in general, people value 
rail as an alternative and more sustainable transportation method than air or road traffic (EEA, 
2016a; 2016b; 2017b). Furthermore, the values and preferences in relation to implementation of 
the recommendation are expected to vary: those of individuals living in the vicinity of railway tracks 
are expected to differ from those of the rest of the population not exposed to railway noise on a 
long-term basis. Economic depreciation of housing and fear of adverse health effects were assumed 

15 These are gap-filled figures based on the reported data and including the situation both within and outside cities, as 
defined by the END. 
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to be two main aspects influencing the evaluation of affected individuals. This especially applies 
to areas where new railway tracks are being built, as this results in considerable change for local 
inhabitants. Moreover, the GDG acknowledged that preferences might also vary in the policy-making 
domain across different countries as the implementation of the recommendations would mean a 
renunciation of the so-called “railway bonus”.16

On resource use and implementation considerations, the GDG pointed out that no comprehensive 
cost–benefit analysis for the WHO European Region has yet been conducted, so this assessment 
is based on informed qualitative expert judgement regarding the feasibility of implementing 
the recommendation for the majority of the population. The systematic review of environmental 
noise interventions and their associated impact on health shows that various measures to reduce 
continuous noise from railway traffic exist, although knowledge about their effectiveness remains 
limited (Brown & van Kamp, 2017). The GDG noted that the resources needed to implement different 
measures may vary considerably, as they depend on the situation and the type of intervention 
required. Implementation of some measures is expected to be most feasible during the development 
of new railway tracks; such as rail pads, bi-bloc sleepers, small noise barriers and – in extreme 
cases – tunnels, cuttings or earthwork barriers. Other interventions include acoustic rail grinding, 
noise barriers built alongside the tracks, construction of quieter locomotives and wagons and 
replacement of brakes on freight trains. The GDG assumed that most of these solutions could be 
planned as part of regular maintenance or, for instance, by speeding up fleet modernization and 
track modernization. Even though not broadly implemented, the solutions mentioned above have 
already been considered or adopted to reduce noise levels from railway noise exposure. Some EU 
countries (such as Germany), have programmes to replace old brake blocks from freight trains with 
newer, quieter ones and to ban all freight trains with old brake blocks from 2020 (Umweltbundesamt, 
2017). This illustrates that solutions to achieve recommended noise levels can be implemented at a 
reasonable cost. Overall, the GDG agreed that the benefit of implementation of the recommendation 
to minimize the risk of adverse health effects due to railway noise for a majority of the population 
exceeds the (monetary) resources needed.

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains strong. 

Additional considerations or uncertainties

The GDG acknowledged that the main body of evidence for the recommendations on railway noise 
for average exposure was based on annoyance studies, conducted mainly in Asia and Europe. 
Studies are few for other priority health outcomes, and the evidence was generally rated low/very 
low quality. There is therefore uncertainty about the effects on health outcomes. Nevertheless, as a 
precautionary approach, a strong recommendation is made for average exposure to Lden, as a broad 
evidence base exists for health effects from exposure to other sources of transportation noise. 
However, the GDG stressed the importance of further research into health effects due to long-term 
exposure to railway noise. 

Moreover, situational factors should be taken into account when analysing annoyance from railway 
noise. In particular, ground-borne vibrations are sometimes an additional exposure variable in railway 

16 The “railway bonus” is a correction factor commonly applied in the noise abatement policy domain in recent decades. 
It subsidizes the noise rating level for railway transportation by a predefined factor (Schuemer & Schuemer-Kohrs, 
1991). 
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noise situations – especially in the case of annoyance – which may be difficult to separate from noise 
effects. In the set of 11 studies included in the systematic review on railway noise and annoyance, 
only two explicitly mentioned ground-borne vibrations as an additional source of annoyance. 

Overall, the low-carbon, low-polluting nature of railway transport, especially using electric trains, 
means that rail is favoured over road and air traffic. However, night-time railway traffic on busy lines, 
including freight traffic, can be a significant source of sleep disturbance. Thus, guideline values 
should be set to encourage the development of rail traffic in Europe while at the same time giving 
adequate protection to residents from sleep disturbance. 

3.2.3 Summary of the assessment of the strength of the recommendations
Table 25 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the railway noise recommendations. 

Table 25. Summary of the assessment of the strength of the recommendation

Factors influencing 
the strength of 
recommendation

Decision

Quality of evidence Average exposure (Lden)

Health effects

•	Evidence for a relevant absolute risk of annoyance at 54 dB Lden was rated moderate 
quality.

•	Evidence for a relevant RR increase of the incidence of hypertension was rated low 
quality. One study met the inclusion criteria but did not find a significant increase. 

Interventions

•	Evidence that different types of intervention reduce noise annoyance from railways 
was rated very low quality.

Night-time exposure (Lnight)

Health effects

•	Evidence for a relevant absolute risk of sleep disturbance related to night noise 
exposure from railways at 44 dB Lnight was rated moderate quality. 

Interventions

•	No evidence was available on the effectiveness of interventions to reduce noise 
exposure and/or sleep disturbance from railway noise.

Balance of benefits versus 
harms and burdens

Railway noise is a major source of localized pollution. The health benefits of adapting 
the recommendation outweigh the harms. Nevertheless, it is important to consider the 
relevance of railways as an environmentally friendly mode of transportation.

Values and preferences Quiet areas are valued by the population; especially by those affected by continuous 
noise exposure. Some variability is expected among those directly affected by railway 
noise and those not affected. 

Resource implications No comprehensive cost–effectiveness-analysis data are available, although a 
wide range of interventions exists, indicating that measures are both feasible and 
economically reasonable.

Decisions on 
recommendation strength 

•	Strong for guideline value for average noise exposure (Lden). 

•	Strong for guideline value for night noise exposure (Lnight).

•	Strong for specific interventions to reduce noise exposure.
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               3.3 Aircraft noise

Recommendations

For average noise exposure, the GDG strongly recommends reducing noise levels 
produced by aircraft below 45 dB Lden, as aircraft noise above this level is associated with 
adverse health effects.

For night noise exposure, the GDG strongly recommends reducing noise levels produced 
by aircraft during night time below 40 dB Lnight, as aircraft noise above this level is 
associated with adverse effects on sleep.

To reduce health effects, the GDG strongly recommends that policy-makers implement 
suitable measures to reduce noise exposure from aircraft in the population exposed 
to levels above the guideline values for average and night noise exposure. For specific 
interventions the GDG recommends implementing suitable changes in infrastructure.

3.3.1 Rationale for the guideline levels for aircraft noise 
The exposure levels were derived in accordance with the prioritization process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to aircraft noise, the process can be summarized as follows (Table 26).

Table 26. Average exposure levels (Lden) for priority health outcomes from aircraft noise 

Summary of priority health outcome evidence Benchmark level Evidence 
quality 

Incidence of IHD 

A relevant risk increase from exposure to aircraft noise occurs 
at 52.6 dB Lden. The weighted average of the lowest noise levels 
measured in the studies was 47 dB Lden and the corresponding RR in 
the meta-analysis was 1.09 per 10 dB.

5% increase of RR Very low quality 

Incidence of hypertension 

One study met the inclusion criteria. There was no significant increase 
of risk associated with increased noise exposure in this study.

10% increase of RR Low quality 

Prevalence of highly annoyed population

There was an absolute risk of 10% at a noise exposure level of 
45.4 dB Lden.

10% absolute risk Moderate quality 

Permanent hearing impairment No increase No studies met the 
inclusion criteria

Reading skills and oral comprehension in children 

A relevant risk increase was found at 55 dB Lden.

One-month delay Moderate quality 
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Based on the evidence of the adverse effects of aircraft noise on sleep disturbance, the GDG 
defined a guideline exposure level of 40.0 dB Lnight. It should be stressed that this recommendation 
for average aircraft noise levels at night far exceeds the benchmark of 3%HSD defined as relevant 
risk increase, but since no reliable acoustic data below this level were available, the GDG decided 
not to lower the guideline exposure level further, as an extrapolation of the exposure–response 
relationship to achieve these values would have been unavoidable. As the evidence was rated 
moderate quality, the GDG made the recommendation strong.

The GDG also considered the evidence for the effectiveness of interventions. The results showed 
that changes in infrastructure (opening and/or closing of runways, or flight path rearrangements) 
can lead to a reduction in aircraft noise exposure, as well as a decline in cognitive impairment in 
children and a reduction in annoyance. Moreover, examples of best practice already exist for the 
management of noise from aircraft, so the GDG made a strong recommendation.

3.3.1.1 Other factors influencing the strength of recommendations

Other factors considered in the context of recommendations on aircraft traffic noise included those 
related to values and preferences, benefits and harms, resource implications, equity, acceptability 
and feasibility; moreover, nonpriority health outcomes were considered. Ultimately, the assessment 
of all these factors did not lead to a change in the strength of the recommendations. Further details 
are provided in section 3.3.2.3.

Based on the evaluation of evidence on relevant risk increases from the prioritized health outcomes, 
the GDG set a guideline exposure level of 45.4  dB Lden for average exposure to aircraft noise, 
based on the absolute %HA. It was confident that there was an increased risk for annoyance 
below this exposure level, but probably no relevant risk increase for other priority health outcomes. 
In accordance with the defined rounding procedure, the value was rounded to 45 dB Lden. As the 
evidence on the adverse effects of aircraft noise was rated moderate quality, the GDG made the 
recommendation strong. 

Next, the GDG considered the evidence for night noise exposure and its effect on sleep disturbance 
(Table 27).

Table 27. Night-time exposure levels (Lnight) for priority health outcomes from aircraft noise 

Summary of priority health outcome evidence Benchmark level Evidence 
quality

Sleep disturbance

11% of participants were highly sleep-disturbed at a noise level of 
40 dB Lnight.

3% absolute risk Moderate quality 
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3.3.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on aircraft noise. It is presented and summarized separately for each of the 
critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of interventions is addressed consecutively.

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

3.3.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to aircraft noise, what is the 
exposure–response relationship between exposure to aircraft noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 28 and 29.

Table 28. PICOS/PECCOS scheme of critical health outcomes for exposure to aircraft noise 

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by aircraft traffic (average/night time)

Comparison Exposure to lower levels of noise produced by aircraft traffic (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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Cardiovascular disease

IHD

No cohort or case-control studies on the relationship between aircraft noise and IHD are available. 
However, two ecological studies were identified that provide information on the relationship between 
aircraft noise and incidence (hospital admission) of IHD (Correia et al., 2013; Hansell et al., 2013). 
These involved a total of 9 619 082 participants, including 158 977 cases. The RR was 1.09 (95% 
CI: 1.04–1.15) per 10 dB Lden increase, and the lowest exposure range was ≤51 dB and <45 dB. 
Given the weights in the meta-analysis of these two studies, the weighted average starting level was 
calculated as 47 dB. The evidence was rated very low quality. 

Two cross-sectional studies were identified that assessed the prevalence of IHD in people living in 
cities located around airports in Europe. The studies involved 14 098 participants, including 340 
cases (Babisch et al., 2005b; 2008; 2012a; 2012b; 2013a; Floud et al., 2011; 2013a; 2013b; Jarup 
et al., 2005; 2008; van Poll et al., 2014). The overall risk was RR = 1.07 (95% CI: 0.94–1.23) per 
10 dB Lden increase. The evidence was rated low quality.

With regard to the relationship between aircraft noise and mortality due to IHD, one cohort study 
(Huss et al., 2010) and two ecological studies (Hansell et al., 2013; van Poll et al., 2014) were 
identified. The cohort study identified 4 580 311 participants, including 15 532 cases, living in 
Switzerland, and the authors found an RR of 1.04 (95% CI: 0.98–1.11) per 10 dB Lden increase in 
noise. The evidence was rated low quality. The two ecological studies identified a total of 3 897 645 

Table 29 .Summary of findings for health effects from exposure to aircraft noise (Lden)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)a

Quality of evidence

Cardiovascular disease

Lden Incidence of IHD RR = 1.09 (95% CI: 
1.04–1.15) per 10 
dB increase

47 dB 9 619 082a  
(2)

Very low (downgraded 
for risk of bias; upgraded 
for dose-response)

Lden Incidence of 
hypertension 

RR = 1.00 (95% CI: 
0.77–1.30) per 10 
dB increase

N/A 4712  
(1)

Low (downgraded for 
risk of bias and because 
only one study available)

Annoyance

Lden %HA OR = 4.78 (95% 
CI: 2.27–10.05) per 
10 dB increase

33 dB 17 094  
(12)

Moderate (downgraded 
for inconsistency)

Cognitive impairment

Lden Reading and oral 
comprehension

1–2-month delay 
per 5 dB increase

Around 55 dB (4) Moderate (downgraded 
for inconsistency)

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –

Note: a Results are partly derived from population-based studies.



65

RECOMMENDATIONS

Fig. 10. The association between exposure to aircraft noise (Lden) and IHD

Estimated RR per 10 dB

Study (N) 

Prevalence of IHD
HYENA (4712)

AWACS-1 (9386)

Pooled (2)

Incidence iof IHD
USAairports (6 027 363)

LSAS (3 591 719)
Pooled (2)

Mortality due to IHD
Ecological studies

LSAS (3 591 719)

AWACS-2 (305 926)

Pooled (2)

Cohort studies

SNC (4 580 311)

0.333                    1.000                           3.000  
  

Notes:  The dotted vertical line corresponds to no effect of exposure to aircraft noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95% 
CI. For further details on the studies included in the figure please refer to the systematic review on environmental 
noise and cardiovascular and metabolic effects (van Kempen et al., 2018).

participants, including 26 066 cases in the Netherlands and the United Kingdom. The overall RR 
was 1.04 (95% CI: 0.97–1.12) per 10 dB Lden increase in noise, and the evidence was rated very 
low quality. 

Fig. 10 summarizes the results for the relationship between aircraft noise and different measures of 
IHD.

Hypertension

One cohort study was identified that assessed the relationship between aircraft noise and 
hypertension in people living in Sweden (Bluhm et al., 2004; 2009; Eriksson et al., 2007; 2010). 
The study involved 4712 participants, including 1346 cases. The authors found a nonstatistically 
significant effect size of RR = 1.00 (95% CI: 0.77–1.30) per 10 dB Lden increase. This evidence was 
rated moderate quality.

Furthermore, nine cross-sectional studies assessed the prevalence of hypertension in 60  121 
participants, including 9487 cases (Ancona et al., 2010; Babisch et al., 2005b; 2008; 2012a; 2012b; 
2013a; Breugelmans et al., 2004; Evrard et al., 2013; 2015; Houthuijs & van Wiechen, 2006; Jarup 
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et al., 2005; 2008; Matsui, 2013; Matsui et al., 2001; 2004; Rosenlund et al., 2001; van Kamp et al., 
2006; van Poll et al., 2014). The overall RR was 1.05 (95% CI: 0.95–1.17) per 10 dB Lden increase, 
with inconsistency across studies. The evidence was rated low quality. 

Fig. 11 summarizes the results for both prevalence and incidence of hypertension.

Fig. 11. The association between exposure to aircraft noise (Lden) and hypertension in cross-
sectional and cohort studies

Study (N) 
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Estimated RR per 10 dB

Notes:  The dotted vertical line corresponds to no effect of aircraft noise exposure. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the pooled summary estimate and 95% CI. 

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Stroke

No cohort or case-control studies on the relationship between aircraft noise and incidence (hospital 
admission) of stroke were available, but two ecological studies were conducted in cities around 
airports in the United Kingdom and United States of America, involving 9 619 082 participants, 
including 97 949 cases (Correia et al., 2013; Hansell et al., 2013). An overall RR of 1.05 (95% CI: 
0.96–1.15) per 10 dB Lden increase in noise was found. The evidence was rated very low quality. 
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Fig. 12. The association between exposure to aircraft noise (Lden) and stroke

Estimated RR per 10 dB
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Notes:  The dotted vertical line corresponds to no effect of exposure to aircraft noise. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the summary estimate and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Two cross-sectional studies were identified that assessed the prevalence of stroke in 14  098 
participants, including 151 cases (Babisch et al., 2005b; 2008; 2012a; 2012b; 2013a; Floud et al., 
2011; 2013a; 2013b; Jarup et al., 2005; 2008; van Poll et al., 2014). The overall RR was 1.02 (95% 
CI: 0.80–1.28) per 10 dB Lden increase. The evidence was rated very low quality.

On the relationship between aircraft noise and mortality due to stroke, one cohort study (Huss et 
al., 2010) and two ecological studies (Hansell et al., 2013; van Poll et al., 2014) were identified. 
The cohort study identified 4 580 311 participants, including 25 231 cases, living in Switzerland; 
the authors found an RR of 0.99 (95% CI: 0.94–1.04) per 10 dB Lden increase in noise. The overall 
evidence was rated moderate quality. The two ecological studies identified a total of 3 897 645 
participants, including 12 086 cases, in the Netherlands and the United Kingdom. The overall RR 
was 1.07 (95% CI: 0.98–1.17) per 10 dB Lden increase in noise. The evidence was rated very low 
quality. 

Fig. 12 summarizes the results for the relationship between aircraft noise and different measures of 
stroke.
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Fig. 13. Scatterplot and quadratic regression of the relationship between aircraft noise (Lden) 
and annoyance (%HA)

Notes: ERFs by Miedema & Oudshoorn (2001, red), and Janssen & Vos (2009, green) are added for comparison.
 There is no indication of 95% CIs of the WHO dataset curve, as a weighting based on the total number of 

participants for each 5 dB Lden sound class could not be calculated; weighting based on all participants of all 
sound classes proved to be unsuitable. The range of data included is illustrated by the distribution of data points.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Children’s blood pressure

For the association between aircraft noise and blood pressure in children, two cross-sectional 
studies were conducted in Australia, the Netherlands and the United Kingdom, including a total 
of 2013 participants (Clark et al., 2012; Morrell et al., 1998; 2000; van Kempen et al., 2006). The 
change in both systolic and diastolic blood pressure was assessed, in residential and/or educational 
settings. There was serious inconsistency in the results and therefore no overall estimate of the 
effect was developed. The evidence was rated very low quality.

Annoyance

A vast amount of evidence proves the association between aircraft noise and annoyance. In total, 12 
aircraft noise studies were identified that were used to model ERFs of the relationship between Lden and 
%HA (Babisch et al., 2009; Bartels et al., 2013; Breugelmans et al., 2004; Brink et al., 2008; Gelderblom 
et al., 2014; Nguyen et al., 2011; 2012a;  2012b; Sato & Yano, 2011; Schreckenberg & Meis, 2007). 
These include data from 17 094 study participants. The estimated data points of each of the studies are 
plotted in Fig. 13, alongside an aggregated ERF including the data from all the individual studies (see 
the black line for “Regr WHO full dataset”). The lowest category of noise exposure considered in any 
of the studies, and hence included in the systematic review, is 40 dB, corresponding to approximately 
1.2%HA. The benchmark level of 10%HA is reached at approximately 45 dB Lden (see Fig. 13). 
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Table 30 shows the %HA in relation to exposure to aircraft traffic noise. It is based on the regression 
equation %HA = −50.9693 + 1.0168 × Lden + 0.0072 × Lden

2 derived from the systematic review 
(Guski et al., 2017). As the majority of the studies are cross-sectional, the evidence was rated 
moderate quality. 

The general quality of the evidence was further substantiated with the help of additional statistical 
analyses that apply classical health outcome measures to estimate noise annoyance. When 
comparing aircraft noise exposure at 50 dB and 60 dB, the analyses revealed evidence rated high 
quality for an association between aircraft noise and %HA for an increase per 10 dB (OR = 3.40; 
95% CI: 2.42–4.80). Moreover, there was evidence rated high quality for the increase of %HA per 
10 dB increase in sound exposure, when data on all sound classes were included (OR = 4.78; 95% 
CI: 2.27–10.05). 

Table 30. The association between exposure to aircraft noise (Lden) and annoyance (%HA)

Lden (dB) %HA 
40 1.2

45 9.4

50 17.9

55 26.7

60 36.0

65 45.5

70 55.5

Cognitive impairment

Evidence rated moderate quality was available for an association between aircraft noise and reading 
and oral comprehension, assessed by standardized tests. This is based on a narrative review of 14 
studies that examined aircraft noise exposure effects on reading and oral comprehension (Clark et 
al., 2006; 2012; 2013; Evans & Maxwell, 1997; Haines et al., 2001a; 2001b; 2001c; Hygge et al., 
2002; Klatte et al., 2014; Matsui et al., 2004; Seabi et al., 2012; 2013; Stansfeld et al., 2005; 2010). 
Of these studies, 10 were cross-sectional, and only four had a longitudinal and/or intervention 
design (Clark et al., 2013; Haines et al., 2001c; Hygge et al., 2002; Seabi et al., 2013). Most of the 
studies (10 of 14) demonstrated a statistically significant association or at least demonstrated a 
trend between higher aircraft noise exposure and poorer reading comprehension.

This relationship is supported by evidence on other health outcome measures related to cognition. 
Evidence rated moderate quality was available for an association between aircraft noise and children 
with poorer performance on standardized assessment tests (Eagan et al., 2004; FICAN, 2007; 
Green et al., 1982; Sharp et al., 2014). There was also evidence rated moderate quality on aircraft 
noise being associated with children having poorer long-term memory (Haines et al., 2001b). No 
studies examined the effects on short-term memory.

However, there was no substantial effect (evidence rated low quality) of aircraft noise on children’s 
attention (Haines et al., 2001a; Hygge et al., 2002; Matsui et al., 2004; Stansfeld et al., 2005; 
2010), or on executive function (working memory) (evidence rated very low quality), with studies 
consistently suggesting no association for aircraft noise (Clark et al., 2012; Haines et al., 2001a; 
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Haines et al., 2001b; Klatte et al., 2014; Matheson et al., 2010; Stansfeld et al., 2005; 2010; van 
Kempen et al., 2010; 2012).

Hearing impairment and tinnitus

No studies were found, and therefore no evidence was available on the association between aircraft 
noise and hearing impairment and tinnitus.

Sleep disturbance

For aircraft noise and self-reported sleep outcomes, six studies were identified that included a total of 
6371 participants (Nguyen et al., 2009; 2010; 2011; 2012c; 2015; Schreckenberg et al., 2009; Yano 
et al., 2015). The majority of studies were cross-sectional by design and were conducted in otherwise 
healthy adults. The model was based on outdoor Lnight levels between 40 dB and 65 dB only; the 
lower limit of 40 dB was set because of inaccuracies in predicting lower noise levels (Table 31).

Table 31. Summary of findings for health effects from exposure to aircraft noise (Lnight)

Noise 
metric

Priority 
health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across 
studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight %HSD OR: 1.94 (95% CI: 
1.61–2.33) per 10 
dB increase

35 dB 6371  
(6)

Moderate (downgraded for 
study limitations, inconsistency; 
upgraded for dose-response, 
magnitude of effect)

The range of noise exposure reported in studies was 37.5–62.5 dB. Over 11% (95% CI: 4.72–17.81) 
of the population was characterized as highly sleep-disturbed at Lnight levels of 40 dB. The %HSD at 
other, higher levels of aircraft noise is presented in Table 27. The table is derived from the regression 
model in the systematic review specified as %HSD = 16.79–0.9293 × Lnight + 0.0198 × Lnight

2. The 
health outcome was measured in the studies by self-reporting, focusing on questions asking about 
awakenings from sleep, the process of falling asleep and/or sleep disturbance, where the question 
referred specifically to how noise affects sleep. The same relationship between aircraft noise and 
reporting being sleep-disturbed (all questions combined) can also be expressed as an OR of 1.94 
(95% CI: 1.61–2.33) per 10 dB increase in noise. This evidence was rated moderate quality.

Table 32. The association between exposure to aircraft noise (Lnight) and sleep disturbance 
(%HSD)

Lnight %HSD 95% CI
40 11.3 4.72–17.81

45 15.0 6.95–23.08

50 19.7 9.87–29.60

55 25.5 13.57–37.41

60 32.3 18.15–46.36

65 40.0 23.65–56.05
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Additional analyses were included in the systematic review and provided supporting evidence on the 
association between aircraft noise and sleep. When the noise source was not specified in the survey 
question, the relationship between aircraft noise and self-reported sleep outcomes was still positive, 
although no longer statistically significant (OR: 1.17 (95% CI: 0.54–2.53) per 10 dB increase) (Brink, 
2011). This evidence was rated very low quality. 

Further, there was evidence rated moderate quality for an association between aircraft noise and 
polysomnography-measured outcomes (probability of additional awakenings), with an OR of 1.35 
(95% CI: 1.22–1.50) per 10 dB increase in indoor LAS,max (Basner et al., 2006). Evidence rated low 
quality was also available for an association between aircraft noise and motility-measured sleep 
outcomes in adults (Passchier-Vermeer et al., 2002).

3.3.2.2 Evidence on interventions 

The following section summarizes the evidence underlying the recommendation on the effectiveness 
of interventions for aircraft noise exposure. The key question posed was: in the general population 
exposed to aircraft noise, are interventions effective in reducing exposure to and/or health outcomes 
from aircraft noise? A summary of the PICOS/PECCOS scheme applied and the main findings is set 
out in Tables 33 and 34.

Seven studies examining different types of interventions on aircraft noise met the inclusion criteria to 
become part of the evidence base of the systematic review. Six of these investigated infrastructure 
interventions (Breugelmans et al., 2007; Brink et al., 2008; Fidell et al., 2002; Hygge et al., 2002), 
and one assessed a path intervention (Asensio et al., 2014). The majority of studies focused on 
annoyance as a health outcome, but two also included effects on sleep and one investigated the 
effects of path interventions on cognitive development in children.

Table 33. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to 
aircraft noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measure that aims to change noise exposure and associated health effects; 

(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measure designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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Table 34. Summary of findings for aircraft noise interventions by health outcome

Type of intervention Number of 
participants 
(studies)

Effect of intervention Quality of evidence

Annoyance

Type B – path interventions

(retrofitting dwellings close 
to airports with acoustic 
insulation)

689  
(1)

•	Change in noise levels was not 
reported.

•	 The study found a drop in annoyance 
following the insulation intervention

Very low

(downgraded for study 
limitations, inconsistency, 
precision)

Type C – changes in 
infrastructure

(opening and/or closing 
of runways, or flight path 
rearrangements)

2101  
(3)

•	 There was a wide range of changes in 
noise levels (from −12 dB to +13.7 dB; 
most between ±1 dB and 2 dB; different 
noise indicators used).

•	All studies found changes in annoyance 
outcomes as a result of the intervention.

Moderate

(downgraded for study 
limitations; upgraded for 
dose-response)

Sleep disturbance

Type C – changes in 
infrastructure

(flight path changes)

1707  
(2)

•	Changes in noise levels were mostly 
between ±1 dB and 2 dB.

•	Both studies found changes in sleep 
disturbance outcomes as a result of the 
intervention.

Low

(downgraded for study 
limitations)

Cognitive development of children

Type C – changes in 
infrastructure

(opening and/or closing 
of runways, or flight path 
rearrangements)

326  
(1)

•	Changes in noise levels of +9 dB at the 
new airport and of −14 dB at the old 
airport were reported.

•	 The study found various cognitive 
effects on children (for both the 
reduction and the increase in exposure). 
Effects disappeared when the old airport 
closed, emerging after the new airport 
opened.

Moderate

(downgraded for 
inconsistency)

The largest body of research concentrated on the opening and closing of runways, leading to 
subsequent changes in flight paths (Breugelmans et al., 2007; Brink et al., 2008; Fidell et al., 2002). 
It showed that changes in noise exposure as a consequence of rearrangement of flight paths, 
step changes or increase or removal of over-flights resulted in statistically significant changes of 
the annoyance ratings of residents living in the vicinity of airports. The studies investigated both 
increases and reductions in exposure. Moreover, all the studies provided evidence that the change 
in response to noise exposure was an excess response to the intervention. As all the studies either 
adjusted for confounding or ruled out confounding by design, and the risk of bias was high in two 
studies but low in one, the evidence was rated moderate quality. 

Two of these studies also investigated the effects of interventions on sleep disturbance. The results 
indicated that the percentage of sleep disturbance changed in association with the change in noise 
exposure caused by flight path adaptations (Breugelmans et al., 2007; Fidell et al., 2002). Both 
studies adjusted for confounding, but the risk of bias was assessed as high. Thus, the evidence 
was rated low quality.

One study examined the impact of rearranging flight paths on the cognitive effects on children 
(Hygge et al., 2002), showing various effects (for both the reduction and the increase in exposure). 
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The study ruled out confounding by study design and the risk of bias was assessed as low. The 
evidence was therefore rated moderate quality.

Alongside infrastructure interventions, a Spanish study presented evidence on path interventions 
(Asensio et al., 2014), showing a drop in annoyance following an insulation intervention. The study 
did not control for confounding and the risk of bias was assessed as high. The evidence was 
therefore rated very low quality. 

3.3.2.3 Consideration of additional contextual factors 

As the foregoing overview has shown, substantial evidence about the adverse health effects of 
long-term exposure to aircraft noise exists. Based on the quality of the available evidence, the GDG 
set the strength of the recommendation of aircraft noise at strong. As a second step, it qualitatively 
assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These considerations mainly concerned the balance of harms and 
benefits, values and preferences, equity, and resource use and implementation. 

When assessing the balance of harms and benefits from implementing the recommendations on 
aircraft exposure, the GDG acknowledged that the number of people affected was lower than for 
road traffic or railway noise, since aircraft noise only affects the areas surrounding airports and under 
flight paths. Data from the EEA show that the estimated number of people in Europe exposed to Lden 
levels above 55 dB and Lnight levels above 50 dB is 3 million and 1.2 million, respectively (Blanes et al., 
2017).17  Nevertheless, it remains a major source of localized noise pollution and has been predicted 
to increase (EASA et al., 2016). Furthermore, aircraft noise is regarded as more annoying than the 
other sources of transportation noise (Schreckenberg et al., 2015; Miedema & Oudshoorn, 2001); it 
is therefore associated with a significant burden on public health, and the GDG expects substantial 
health benefits for the population to evolve from implementing the recommendations to reduce 
exposure to aircraft traffic noise. Furthermore, the GDG noted that, depending on the intervention 
measure implemented (such as a night flight ban), additional health benefits could evolve, resulting 
from a simultaneous reduction in air pollution (EC, 2016a). The GDG also acknowledged that 
intervention measures like night flight bans might also reduce carbon emission, thereby positively 
influencing the shift towards a greener and more sustainable economy. Possible harms in relation to 
the applied noise abatement strategy, on the other hand, could include effects on the transportation 
of goods, as well as individual mobility of the population. Both could have impacts on local, national 
and international economies. Overall, the GDG estimated that the benefits gained from minimizing 
adverse health effects due to aircraft noise exposure outweigh the possible (economic) harms.

Considering values and preferences, the GDG noted that negative attitudes towards aircraft noise 
are especially prevalent in affected individuals who can see and hear aircraft from their house, or 
who fear that living in proximity of airports will have an impact on their health (Schreckenberg et 
al., 2015) or property value (economic loss) (Bristow et al., 2014). A lack of trust in the airport and 
government authorities can enhance these negative attitudes towards airports and aircraft noise 
(Borsky, 1979; Schreckenberg, 2017). Furthermore, the GDG recognized that values and preferences 
of individuals living in the vicinity of different airports may vary, as the infrastructural characteristics 

17  These are gap-filled figures based on the reported data and including the situation both within and outside cities, as 
defined by the END. 
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of airports have a significant effect on the evaluation of residents. Airports with a stable number 
of aircraft movements in the near past and no intention to change the number in the future can 
give rise to a different evaluation of values and preferences than airports with relatively sustained 
increases in the number of aircraft movements. This can result from the fact that opening new 
runways or increasing the number of flights usually means considerable change in the environment 
for inhabitants of the affected area. It has been postulated that the change of exposure itself may be 
an annoying factor, and this may explain why aircraft noise annoyance is generally higher than that 
for other sources of transportation noise at a comparable noise level (Brown & van Kamp, 2009). The 
GDG acknowledged that, in general, air travel is an important means of transportation relevant for 
businesses, the public and the economy. In Europe, aviation is projected to be the fastest-growing 
sector from passenger transport demand, by 2050 (EEA, 2016a). The general population tends 
to value the convenience of travel by air. Moreover, the GDG pointed out that exposure to aircraft 
noise is not equally distributed throughout society. The preferences of people living in the vicinity of 
airports are expected to differ from those of the general population that does not experience the 
same noise burden. This might facilitate variance in the values and preference of the population, as 
those benefiting from the services and revenues generated by an airport may regard noise reduction 
measures as an additional, unnecessary extra cost, while those living around an airport and affected 
by aircraft noise may be in favour of noise reductions, since this concerns their health and well-
being. Despite these differences, however, the GDG was confident that a majority of the population 
would value the minimization of adverse health effects and therefor welcome the implementation of 
the recommendations. 

Regarding the dimension of equity, the GDG highlighted that the risk of exposure to aircraft noise is 
not equally distributed throughout society. Members of society with a lower socioeconomic status 
and other disadvantaged groups often live in more polluted and louder areas, including in close 
proximity to airports (EC, 2016a). In addition to the increased risk of exposure to environmental 
noise, socioeconomic factors are also associated with increased vulnerability and poorer coping 
capacities (Karpati et al., 2002). 

With resource use and implementation considerations, the GDG acknowledged that the economic 
evaluation of the health impacts of environmental noise is most elaborate and extensive for aircraft 
noise (Berry & Sanchez, 2014). Nevertheless, no comprehensive cost–benefit analysis for the WHO 
European Region yet exists, so this assessment is based on informed qualitative expert judgement 
regarding the feasibility of implementing the recommendation for the majority of the population. The 
systematic review of interventions and their associated impact on environmental noise and health 
shows that various measures to reduce continuous noise from aircraft exist. Moreover, the quality 
of the evidence was judged to be moderate (Brown & van Kamp, 2017). The GDG noted that the 
resources needed to implement different intervention measures may vary considerably, because 
they depend on the situation and the type of intervention required. The distribution of costs also 
differs from that for other modes of transportation, since exposure to aircraft noise is localized in a 
more agglomerated way, and overall the population affected is smaller compared to other modes of 
transportation. The GDG furthermore recognized that multiple cost-effective intervention strategies 
exist (EC, 2016b). Prohibition or discouragement strategies against citizens moving to the direct 
proximity of airports, for example, can be implemented in the context of urban planning. Likewise, 
diverting flight paths above less-populated areas can lead to a reduction in exposure. In principle, 
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such intervention measures do not involve any direct costs, although safety concerns may limit the 
feasibility of these strategies. Passive noise abatement measures like the installation of soundproof 
windows at the dwelling were also regarded as feasible and economically reasonable by the GDG, 
as these are implemented at several airports already. In relation to active abatement measures, the 
GDG acknowledged the “balanced approach” elaborated by International Civil Aviation Organization, 
which states that noise reduction should take place first at the source. As indicated by the Clean 
Sky Programme, this could, for example, entail shifting towards the introduction of new aircraft. This 
broad European research programme estimates that, depending on type, the shift to newly produced 
aircraft could lead to a reduction of approximately 55–79% of the area affected by aircraft noise, 
and consequently the population exposed. As this solution has been put forward by the aviation 
sector, it is considered feasible. Overall, this indicates that solutions to achieve recommended noise 
levels can be implemented and at reasonable costs. The GDG agreed that implementation of the 
recommendation to minimize the risk of adverse health effects due to aircraft noise for a majority of 
the population would require a reasonable amount of (monetary) resources. It noted, however, that 
the feasibility of implementing the measures could be hindered by the fact that costs and benefits 
are not equally distributed. In most cases, the health benefits citizens gain from interventions that 
reduce aircraft exposure are borne by private companies and public authorities. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains strong.

Other nonpriority adverse health outcomes

Although not a priority health outcome and coming from a single study, the GDG noted the evidence 
rated moderate quality for the statistically significant association between aircraft noise and the 
change in waist circumference (Eriksson et al., 2014). The range of noise levels in the study identified 
was 48 to 65 dB Lden, and therefore the recommendation would also be protective enough for this 
health outcome.

In the context of aircraft noise, when considering the impacts of exposure on cognitive impairment 
in children, these guideline recommendations also apply particularly to the school setting. Noise 
exposure at primary school and at home is often highly correlated; however, the evidence base 
considered comes mainly from studies designed around sampling at school and not residences. 

Additional considerations or uncertainties

There is additional uncertainty when characterizing exposure using the acoustical description of 
aircraft noise by means of Lden or Lnight. Use of these average noise indicators may limit the ability 
to observe associations between exposure to aircraft noise and some health outcomes (such 
as awakening reactions); as such, noise indicators based on the number of events (such as the 
frequency distribution of LA,max) may be better suited. However, such indicators are not widely used.

The GDG acknowledged that the guideline recommendation for Lnight may not be fully protective of 
health, as it implies that around 11% (95% CI: 4.72–17.81) of the population may be characterized 
as highly sleep-disturbed at the recommended Lnight level. This is higher than the 3% absolute risk 
considered for setting the guideline level. However, the high calculation uncertainty in predicting 
noise levels lower than 40 dB prevented the GDG from recommending a lower level. Furthermore, 
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lower levels would probably require a ban on night or early morning flights altogether, which is not 
feasible in many situations, given that the general population tends to value the convenience of air 
travel.

3.3.3 Summary of the assessment of the strength of recommendation
Table 35 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the aircraft noise recommendations. 

Table 35. Summary of the assessment of the strength of the recommendation

Factors influencing 
the strength of 
recommendation

Decision

Quality of evidence Average exposure (Lden)

Health effects

•	Evidence for a relevant RR increase of the incidence of IHD at 52 dB Lden was 
rated very low quality.

•	Evidence for a relevant RR increase of the incidence of hypertension was rated 
low quality. 

•	Evidence for a relevant absolute risk of annoyance at 45 dB Lden was rated 
moderate quality.

•	Evidence for a relevant RR increase of impaired reading and oral comprehension 
at 55 dB Lden was rated moderate quality.

Interventions

•	Evidence on effectiveness of interventions to reduce noise exposure and/or 
health outcomes from aircraft noise was of varying quality.

Night-time exposure (Lnight)

Health effects

•	Evidence for a relevant absolute risk of sleep disturbance related to night noise 
exposure from aircraft at 40 dB Lnight was rated moderate quality. 

Interventions 
•	Evidence on effectiveness of changes in infrastructure (flight path changes) to 

reduce sleep disturbance from aircraft noise was rated low quality.

Balance of benefits versus 
harms and burdens

Aircraft noise is a major source of localized noise pollution. The health benefits of 
adapting the recommendations are expected to outweigh the harms. 

Values and preferences Quiet areas are valued by the population, especially by those affected by 
continuous aircraft noise exposure. Some variability is expected among those 
directly affected by aircraft noise and those not affected. 

Equity Risk of exposure to aircraft noise is not equally distributed.

Resource implications No comprehensive cost–effectiveness analysis data are available; nevertheless, a 
wide variety of interventions exist (some at very low cost), indicating that measures 
are both feasible and economically reasonable.

Decisions on recommendation 
strength

•	Strong for guideline value for average noise exposure (Lden)

•	Strong for guideline value for night noise exposure (Lnight)

•	Strong for specific interventions to reduce noise exposure
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          3.4 Wind turbine noise

Recommendations

For average noise exposure, the GDG conditionally recommends reducing noise levels 
produced by wind turbines below 45 dB Lden, as wind turbine noise above this level is 
associated with adverse health effects. 

To reduce health effects, the GDG conditionally recommends that policy-makers 
implement suitable measures to reduce noise exposure from wind turbines in the 
population exposed to levels above the guideline values for average noise exposure. No 
evidence is available, however, to facilitate the recommendation of one particular type of 
intervention over another.

3.4.1 Rationale for the guideline levels for wind turbine noise
The exposure levels were derived in accordance with the prioritizing process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to wind turbine noise, the process can be summarized as follows (Table 36).

Table 36. Average exposure levels (Lden) for priority health outcomes from wind turbine noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Incidence of IHD 

Incidence of IHD could not be used to assess the exposure level.

5% increase of RR No studies were available

Incidence of hypertension

Incidence of hypertension could not be used to assess the 
exposure level.

10% increase of RR No studies were available

Prevalence of highly annoyed population

Four studies were available. An exposure–response curve of the 
four studies revealed an absolute risk of 10%HA (outdoors) at a 
noise exposure level of 45 dB Lden.

10% absolute risk Low quality 

Permanent hearing impairment No increase No studies were available

Reading skills and oral comprehension in children One-month delay No studies were available

In accordance with the prioritization process, the GDG set a guideline exposure level of 45.0 dB Lden 
for average exposure, based on the relevant increase of the absolute %HA. The GDG stressed that 
there might be an increased risk for annoyance below this noise exposure level, but it could not state 
whether there was an increased risk for the other health outcomes below this level owing to a lack 
of evidence. As the evidence on the adverse effects of wind turbine noise was rated low quality, the 
GDG made the recommendation conditional.

Next, the GDG considered the evidence for night noise exposure to wind turbine noise and its effect 
on sleep disturbance (Table 37). 
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Table 37. Night-time exposure levels (Lnight) for priority health outcomes from wind turbine 
noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance 

Six studies were available; they did not reveal consistent results 
about effects of wind turbine noise on sleep.

3% absolute risk Low quality 

Based on the low quantity and heterogeneous nature of the evidence, the GDG was not able to 
formulate a recommendation addressing sleep disturbance due to wind turbine noise at night time. 

The GDG also looked for evidence about the effectiveness of interventions for wind turbine noise 
exposure. Owing to a lack of research, however, no studies were available on existing interventions 
and associated costs to reduce wind turbine noise. 

Based on this assessment, the GDG therefore provided a conditional recommendation for average 
noise exposure (Lden) to wind turbines and a conditional recommendation for the implementation 
of suitable measures to reduce noise exposure. No recommendation about a preferred type of 
intervention could be formulated; nor could a recommendation be made for an exposure level for 
night noise exposure (Lnight), as studies were not consistent and in general did not provide evidence 
for an effect on sleep.

3.4.1.1 Other factors influencing the strength of recommendation

Other factors considered in the context of recommendations on wind turbine noise included those 
related to values and preferences, benefits and harms, resource implications, equity, acceptability 
and feasibility. Ultimately, the assessment of all these factors did not lead to a change in the strength 
of recommendation, although it informed the development of a conditional recommendation on the 
intervention measures. Further details are provided in section 3.4.2.3.

3.4.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on wind turbine noise. It is presented and summarized separately for each of 
the critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of intervention is addressed consecutively. 

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

It should be noted that, due to the time stamp of the systematic reviews, some more recent studies 
were not included in the analysis. This relates in particular to several findings of the Wind Turbine 
Noise and Health Study conducted by Health Canada (Michaud, 2015). Further, some studies were 
omitted, as they did not meet the inclusion criteria, including, for instance, studies using distance to 
the wind turbine instead of noise exposure to investigate health effects. The justification for including 
and excluding studies is given in the systematic reviews (Basner & McGuire, 2018; Brown et al., 



79

RECOMMENDATIONS

2017; Clark & Paunovic, 2018; in press; Guski et al., 2017; Niewenhuijsen et al.,2017; Śliwińska-
Kowalska & Zaborowski, 2017; van Kempen et al., 2018; see Annex 2 for further details).

3.4.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to wind turbine noise, what is the 
exposure–response relationship between exposure to wind turbine noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 38 and 39.

Table 38. PICOS/PECCOS scheme of critical health outcomes for exposure to wind turbine 
noise

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by wind turbines (average/night time)

Comparison Exposure to lower levels of noise produced by wind turbines (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 39. Summary of findings for health effects from exposure to wind turbine noise (Lden)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of 
evidence

Cardiovascular disease

Lden Incidence of IHD – – – –

Lden Incidence of 
hypertension

– – – –

Annoyance

Lden %HA Not able to 
pool because of 
heterogeneity

30 dB 2481  
(4)

Low (downgraded 
for inconsistency and 
imprecision)

Cognitive impairment

Lden Reading and oral 
comprehension

– – – –

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –
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Cardiovascular disease 

For the relationship between wind turbine noise and prevalence of hypertension, three cross-sectional 
studies were identified, with a total of 1830 participants (van den Berg et al., 2008; Pedersen, 2011; 
Pedersen & Larsman, 2008; Pedersen & Persson Waye, 2004; 2007). The number of cases was 
not reported. All studies found a positive association between exposure to wind turbine noise and 
the prevalence of hypertension, but none was statistically significant. The lowest levels in studies 
were either <30 or <32.5 Lden. No meta-analysis was performed, since too many parameters were 
unknown and/or unclear. Due to very serious risk of bias and imprecision in the results, this evidence 
was rated very low quality (see Fig. 14). 

The same studies also looked at exposure to wind turbine noise and self-reported cardiovascular 
disease, but none found an association. No evidence was available for other measures of 
cardiovascular disease. As a result, only evidence rated very low quality was available for no 
considerable effect of audible noise (greater than 20 Hz) from wind turbines or wind farms on self-
reported cardiovascular disease (see Fig. 15). 

Notes:  The dotted vertical line corresponds to no effect of exposure to wind turbine noise. The black dots correspond to 
the estimated RR per 10 dB and 95% CI. For further details on the studies included in the figure please refer to the 
systematic review on environmental noise and cardiovascular and metabolic effects (van Kempen et al., 2018).

Fig. 14. The association between exposure to wind turbine noise (sound pressure level in dB) 
and hypertension

Estimated RR per 10 dB

Study (N) 

SWE-00 (351)

SWE-05 (754)

NL-07 (725)

0.333                  1.000                      3.000                   9.000  
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Fig. 15. The association between exposure to wind turbine noise (sound pressure level) and 
self-reported cardiovascular disease

Estimated RR per 10 dB

Study (N) 

SWE-00 (351)

SWE-05 (754)

NL-07 (725)

0.012       0.037            0.111           0.333           1.000             3.000   9.000 
  

Notes:  The dotted vertical line corresponds to no effect of exposure to wind turbine noise.The black circles correspond to 
the estimated RR per 10 dB (sound pressure level) and 95% CI. For further details on the studies included in the 
figure please refer to the systematic review on environmental noise and cardiovascular and metabolic effects (van 
Kempen et al., 2018).

Annoyance

Two publications containing descriptions of four individual studies were retrieved (Janssen et al., 
2011; Kuwano et al., 2014). All four studies used measurements in the vicinity of the respondents’ 
addresses; the noise exposure metrics used in the three original studies (Pedersen, 2011; Pedersen 
& Persson Waye, 2004; 2007) included in Janssen et al. (2011) were recalculated into Lden. The noise 
levels in the studies ranged from 29 dB to 56 dB. Different scales were used to assess annoyance, 
with slightly different definitions of “highly annoyed” and explicit reference to outdoor annoyance 
in the data used for the Janssen et al. (2011) curve. Construction of the ERFs provided in the two 
publications differed and they were therefore not further combined in a meta-analysis. Fig. 16 shows 
the %HA from the two publications. The 10% criterion for %HA is reached at around 45 dB Lden 
(where the two curves coincide). There was a wide variability in %HA between studies, with a range 
of 3–13%HA at 42.5 dB and 0–32%HA at 47.5 dB. The %HA in the sample is comparatively high, 
given the relatively low noise levels. There is evidence rated low quality for an association between 
wind turbine noise and annoyance, but this mainly applies to the association between wind turbine 
noise and annoyance and not to the shape of the quantitative relationship. 
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Fig. 16. Overlay of the two wind turbine annoyance graphs
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Further statistical analyses of annoyance yield evidence rated low quality for an association between 
wind turbine noise and %HA when comparing an exposure at 42.5 dB and 47.5 dB, with a mean 
difference in %HA of 4.5 (indoors) and 6.4 (outdoors). There is also evidence rated moderate quality 
for a correlation between individual noise exposure and annoyance raw scores (r = 0.28).

Notes:  Overlay of the two wind turbine outdoor annoyance graphs adapted from Janssen et al. (2011, red) and Kuwano 
et al. (2014, blue). The Kuwano et al. curve is based on Ldn; no correction for Lden has been applied.18

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Cognitive impairment, hearing impairment and tinnitus, adverse birth outcomes

No studies were found, and therefore no evidence was available on the relationship between wind 
turbine noise and measures of cognitive impairment; hearing impairment and tinnitus; and adverse 
birth outcomes. 

Sleep disturbance

Six cross-sectional studies on wind turbine noise and self-reported sleep disturbance were identified 
(Bakker et al., 2012; Kuwano et al., 2014; Michaud, 2015; Pawlaczyk-Luszczynska et al., 2014; 
Pedersen & Persson Waye, 2004; 2007). Noise levels were calculated using different methods, and 
different noise metrics were reported. Three of the studies asked how noise affects sleep; the other 
three evaluated the effect of wind turbine noise on sleep using questions that explicitly referred to 
noise (Table 40).

18 Ldn is the day-night-weighted sound pressure level as defined in section 3.6.4 of ISO 1996-1:2016. 
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Table 40. Summary of findings for health effects from exposure to wind turbine noise (Lnight)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of effects in 
studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight %HSD 1.60 (95% CI: 
0.86–2.94) per 10 
dB increase

31 dB 3971  
(6)

Low

(downgraded for study 
limitations, inconsistency, 
precision)

The risk of bias was assessed as high for all six studies, as effects on sleep were measured by self-
reported data. There were a limited number of subjects at higher exposure levels. A meta-analysis 
was conducted for five of the six studies, based on the OR for high sleep disturbance for a 10 dB 
increase in outdoor predicted sound pressure level. The pooled OR was 1.60 (95% CI: 0.86–2.94). 
The evidence was rated low quality.

3.4.2.2 Evidence on interventions 

This section summarizes the evidence underlying the recommendation on the effectiveness of 
interventions for wind turbine noise exposure. The key question posed was: in the general population 
exposed to wind turbine noise, are interventions effective in reducing exposure to and/or health 
outcomes from wind turbine noise? A summary of the PICOS/PECCOS scheme applied is set out 
in Table 41.

Table 41. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to wind 
turbine noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measure that aims to change noise exposure and associated health effects; 

(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measure designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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No studies were found, and therefore no evidence was available on the effectiveness of interventions 
to reduce noise exposure from wind turbines.

3.4.2.3 Consideration of additional contextual factors

As the foregoing overview has shown, very little evidence is available about the adverse health 
effects of continuous exposure to wind turbine noise. Based on the quality of evidence available, 
the GDG set the strength of the recommendation on wind turbine noise to conditional. As a second 
step, it qualitatively assessed contextual factors to explore whether other considerations could have 
a relevant impact on the recommendation strength. These considerations mainly concerned the 
balance of harms and benefits, values and preferences, and resource use and implementation. 

Regarding the balance of harms and benefits, the GDG would expect a general health benefit 
from a marked reduction in any kind of long-term environmental noise exposure. Health effects of 
individuals living in the vicinity of wind turbines can theoretically be related not only to long-term 
noise exposure from the wind turbines but also to disruption caused during the construction phase. 
The GDG pointed out, however, that evidence on health effects from wind turbine noise (apart from 
annoyance) is either absent or rated low/very low quality (McCunney et al., 2014). Moreover, effects 
related to attitudes towards wind turbines are hard to discern from those related to noise and may 
be partly responsible for the associations (Knopper & Ollson, 2011). Furthermore, the number of 
people exposed is far lower than for many other sources of noise (such as road traffic). Therefore, 
the GDG estimated the burden on health from exposure to wind turbine noise at the population level 
to be low, concluding that any benefit from specifically reducing population exposure to wind turbine 
noise in all situations remains unclear. Nevertheless, proper public involvement, communication and 
consultation of affected citizens living in the vicinity of wind turbines during the planning stage of future 
installations is expected to be beneficial as part of health and environmental impact assessments. 
In relation to possible harms associated with the implementation of the recommendation, the GDG 
underlined the importance of wind energy for the development of renewable energy policies. 

The GDG noticed that the values and preferences of the population towards reducing long-term noise 
exposure to wind turbine noise vary. Whereas the general population tends to value wind energy 
as an alternative, environmentally sustainable and low-carbon energy source, people living in the 
vicinity of wind turbines may evaluate them negatively. Wind turbines are not a recent phenomenon, 
but their quantity, size and type have increased significantly over recent years. As they are often 
built in the middle of otherwise quiet and natural areas, they can adversely affect the integrity of a 
site. Furthermore, residents living in these areas may have greater expectations of the quietness of 
their surroundings and therefore be more aware of noise disturbance. Negative attitudes especially 
occur in individuals who can see wind turbines from their houses but do not gain economically 
from the installations (Kuwano et al., 2014; Pedersen & Persson Waye, 2007; van den Berg et 
al., 2008). These situational variables and the values and preferences of the population may differ 
between wind turbines and other noise sources, as well as between wind turbine installations, which 
makes assessment of the relationship between wind turbine noise exposure and health outcomes 
particularly challenging.

Assessing resource use and implementation considerations, the GDG noted that reduction of noise 
exposure from environmental sources is generally possible through simple measures like insulating 
windows or building barriers. With wind turbines, however, noise reduction interventions are more 
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complicated than for other noise sources due to the height of the source and because outdoor 
disturbance is a particularly large factor. As generally fewer people are affected (compared to 
transportation noise), the expected costs are lower than for other environmental sources of noise. 
The GDG was not aware of any existing interventions (and associated costs) to reduce harms from 
wind turbine noise, or specific consequences of having regulations on wind turbine noise. Therefore, 
it could not assess feasibility, or discern whether any beneficial effects of noise reduction would 
outweigh the costs of intervention. In particular, there is no clear evidence on an acceptable and 
uniform distance between wind turbines and residential areas, as the sound propagation depends 
on many aspects of the wind turbine construction and installation. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation for wind turbine noise exposure remains conditional. 

Additional considerations or uncertainties

Assessment of population exposure to noise from a particular source is essential for setting health-
based guideline values. Wind turbine noise is characterized by a variety of potential moderators, 
which can be challenging to assess and have not necessarily been addressed in detail in health 
studies. As a result, there are serious issues with noise exposure assessment related to wind turbines.

Noise levels from outdoor sources are generally lower indoors because of noise attenuation from 
the building structure, closing of windows and similar. Nevertheless, noise exposure is generally 
estimated outside, at the most exposed façade. As levels of wind turbine noise are generally much 
lower than those of transportation noise, the audibility of wind turbines in bedrooms, particularly 
when windows are closed, is unknown. 

In many instances, the distance from a wind farm has been used as a proxy to determine audible 
noise exposure. However, in addition to the distance, other variables – such as type, size and 
number of wind turbines, wind direction and speed, location of the residence up- or downwind from 
wind farms and so on – can contribute to the resulting noise level assessed at a residence. Thus, 
using distance to a wind farm as a proxy for noise from wind turbines in health studies is associated 
with high uncertainty. 

Wind turbines can generate infrasound or lower frequencies of sound than traffic sources. However, 
few studies relating exposure to such noise from wind turbines to health effects are available. It is also 
unknown whether lower frequencies of sound generated outdoors are audible indoors, particularly 
when windows are closed. 

The noise emitted from wind turbines has other characteristics, including the repetitive nature of 
the sound of the rotating blades and atmospheric influence leading to a variability of amplitude 
modulation, which can be a source of above average annoyance (Schäffer et al., 2016). This 
differentiates it from noise from other sources and has not always been properly characterized. 
Standard methods of measuring sound, most commonly including A-weighting, may not capture 
the low-frequency sound and amplitude modulation characteristic of wind turbine noise (Council of 
Canadian Academies, 2015).

Even though correlations between noise indicators tend to be high (especially between LAeq-like 
indicators) and conversions between indicators do not normally influence the correlations between 
the noise indicator and a particular health effect, important assumptions remain when exposure to 
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Factors influencing the 
strength of recommendation

Decision

Quality of evidence Average exposure (Lden)
Health effects

•	Evidence for a relevant absolute risk of annoyance at 45 dB Lden was rated 
low quality.

Interventions

•	No evidence was available on the effectiveness of interventions to reduce 
noise exposure and/or health outcomes from wind turbines.

Night-time exposure (Lnight)
Health effects

•	No statistically significant evidence was available for sleep disturbance 
related to exposure from wind turbine noise at night. 

Interventions

•	No evidence was available on the effectiveness of interventions to reduce 
noise exposure and/or sleep disturbance from wind turbines.

Balance of benefits versus harms 
and burdens

Further work is required to assess fully the benefits and harms of exposure 
to environmental noise from wind turbines and to clarify whether the potential 
benefits associated with reducing exposure to environmental noise for 
individuals living in the vicinity of wind turbines outweigh the impact on the 
development of renewable energy policies in the WHO European Region.

Values and preferences There is wide variability in the values and preferences of the population, with 
particularly strong negative attitudes in populations living in the vicinity of 
wind turbines.

Resource implications Information on existing interventions (and associated costs) to reduce harms 
from wind turbine noise is not available. 

Additional considerations or 
uncertainties

There are serious issues with noise exposure assessment related to wind 
turbines.

Decisions on recommendation 
strength 

•	Conditional for guideline value for average noise exposure (Lden)

•	Conditional for the effectiveness of interventions (Lnight)

Table 42. Summary of the assessment of the strength of the recommendation

wind turbine noise in Lden is converted from original sound pressure level values. The conversion 
requires, as variable, the statistical distribution of annual wind speed at a particular height, which 
depends on the type of wind turbine and meteorological conditions at a particular geographical 
location. Such input variables may not be directly applicable for use in other sites. They are sometimes 
used without specific validation for a particular area, however, because of practical limitations or lack 
of data and resources. This can lead to increased uncertainty in the assessment of the relationship 
between wind turbine noise exposure and health outcomes.

Based on all these factors, it may be concluded that the acoustical description of wind turbine noise 
by means of Lden or Lnight may be a poor characterization of wind turbine noise and may limit the 
ability to observe associations between wind turbine noise and health outcomes. 

3.4.3 Summary of the assessment of the strength of recommendations
Table 42 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the wind turbine recommendations.
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             3.5 Leisure noise

Recommendations

For average noise exposure, the GDG conditionally recommends reducing the yearly average 
from all leisure noise sources combined to 70 dB LAeq,24h, as leisure noise above this level is 
associated with adverse health effects. The equal energy principle19 can be used to derive 
exposure limits for other time averages, which might be more practical in regulatory processes. 

For single-event and impulse noise exposures, the GDG conditionally recommends following 
existing guidelines and legal regulations to limit the risk of increases in hearing impairment from 
leisure noise in both children and adults.

Following a precautionary approach, to reduce possible health effects, the GDG strongly 
recommends that policy-makers take action to prevent exposure above the guideline values 
for average noise and single-event and impulse noise exposures. This is particularly relevant 
as a large number of people may be exposed to and at risk of hearing impairment through 
the use of personal listening devices (PLDs). There is insufficient evidence, however, to 
recommend one type of intervention over another.

3.5.1 Rationale for the guideline levels for leisure noise
As specific evidence for the relationship between leisure noise and hearing loss is of insufficient 
quality, the GDG decided to follow a different approach for this noise source, based on knowledge 
regarding prevention of hearing loss in the workplace and on the CNG (WHO, 1999). There is 
sufficient evidence that the nature of the noise matters little in causing hearing loss, so using the 
existing guidelines is a justified step to prevent permanent hearing loss from leisure noise. 

In accordance with the procedures for the other noise sources, the GDG would have considered 
evidence on exposure–response relationships for the prioritized health outcomes. However, no such 
ERFs could be established in the systematic reviews for any of the health outcomes (Table 43).

Table 43. Average exposure levels (LAeq,24h) for priority health outcomes from leisure noise

Summary of priority health outcome evidence Benchmark level Evidence quality
Incidence of IHD
Incidence of hypertension
Prevalence of highly annoyed population 
Reading skills and oral comprehension in children

No evidence was 
available

Permanent hearing impairment 
There is an indication that PLDs have an effect on hearing 
impairment and tinnitus. 
There was no evidence (because no studies were found) for an 
effect of other sources of leisure noise on hearing impairment 
or tinnitus. The results of the studies could not be synthesized 
because of heterogeneity of outcome measurement.

No increase Very low quality/no 
evidence

19 The equal energy principle states that the total effect of sound is proportional to the total amount of sound energy 
received by the ear, irrespective of the distribution of that energy in time (WHO, 1999). 
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In accordance with the evidence on the effects of PLDs on permanent hearing loss from leisure noise, 
the GDG recommended a guideline exposure level of 70 dB LAeq,24h yearly average from all leisure 
noise sources combined. It was confident that there was no relevant risk increase for permanent 
hearing impairment below this exposure level of average leisure noise. The GDG recognized that a 
conversion to alternative time averages for exposure to leisure noise might be helpful for regulatory 
purposes; thus, a detailed table converting hourly and weekly exposure into yearly averages is 
provided in the subsection on additional considerations or uncertainties in section 3.5.2.3, Table 
49. Furthermore, the GDG recommended sticking to the CNG recommendations for single events 
to limit the risk of hearing impairment from leisure noise increases for both children and adults 
(WHO, 1999).20 Due to the nature and limited amount of available evidence, the GDG made the 
recommendation conditional. 

Next, the GDG assessed the evidence for night noise exposure and its effect on sleep disturbance 
(Table 44).

Table 44. Night-time exposure levels (Lnight) for priority health outcomes from leisure noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance 3% absolute risk No evidence was 

available

Because of a lack of evidence, the GDG was not able to formulate a recommendation addressing 
sleep disturbance due to leisure noise at night time. 

The GDG also looked for evidence about the effectiveness of interventions for leisure noise 
exposure. Owing to a lack of research, however, no studies were available on existing interventions 
and associated costs to reduce leisure noise. As no evidence was available, it was not possible 
to develop a recommendation on any specific type of intervention measure. However, following a 
precautionary approach, to reduce possible health effects, the GDG made a strong recommendation 
that policy-makers take action to prevent exposures above the guideline values for average noise 
and single-event and impulse noise exposures. This is particularly relevant as a large number of 
people may be exposed to and at risk of hearing impairment through the use of PLDs. There is 
insufficient evidence, however, to recommend one type of intervention over another.

3.5. 1.1 Other factors influencing the strength of recommendations

Other factors considered in the context of recommendations on leisure noise included those related 
to values and preferences, benefits and harms, resource implications, equity, acceptability and 
feasibility; moreover, nonpriority health outcomes were considered. Ultimately, the assessment of 
all these factors did not lead to a change in the strength of recommendation. Further details are 
provided in section 3.5.2.3.

20 The GDG acknowledged the scarcity of cohort study-based evidence to define a threshold for hearing damage due 
to single loud exposures. It initially decided to propose LAF,max = 110, but after much discussion it appeared that the 
conversion of relevant standing limits (expressed in Lpeak,C and others) lacked sufficient basis.  
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3.5.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on leisure noise. As noted above, however, only limited evidence was available 
for several of the prioritized health outcomes, so it is presented and summarized for all critical and 
important health outcomes where possible, along with indications of the GDG’s judgement of the 
quality of evidence. Research into health outcomes and effectiveness of interventions is addressed 
consecutively.

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

3.5.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to leisure noise, what is the 
exposure–response relationship between exposure to leisure noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 45 and 46.

Table 45. PICOS/PECCOS scheme of critical health outcomes for exposure to leisure noise 

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by leisure activities (average/night time)

Comparison Exposure to lower levels of noise produced by leisure activities (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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Table 46. Summary of findings for health effects from exposure to leisure noise (LAeq,24h)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studiesa

Number of 
participants 
(studies)

Quality of evidence

Cardiovascular disease

LAeq,24 Incidence of IHD – – – –

LAeq,24 Incidence of 
hypertension

– – – –

Annoyance

LAeq,24 %HA – – – –

Cognitive impairment

LAeq,24 Reading and oral 
comprehension

– – – –

Hearing impairment and tinnitus

LAeq,24 Permanent 
hearing 
impairment

Not estimated – 484  
(3)

Very low

(downgraded for study 
limitations, precision)

Hearing impairment and tinnitus

Several types of leisure activity are accompanied by loud sounds, such as attending nightclubs, 
pubs and fitness classes; live sporting events; concerts or live music venues; listening to loud music 
through PLDs. This recommendation is informed by a systematic review that assessed the evidence 
on permanent hearing loss and tinnitus due to exposure to leisure noise (Śliwińska-Kowalska & 
Zaborowski, 2017). The review identified two existing systematic reviews that summarized recent 
estimates of the risk of developing permanent hearing loss from the use of PLDs. It did not identify 
any studies with objective measurement of exposure to any other type of leisure noise.

The Scientific Committee on Emerging and Newly Identified Hazards and Risk (SCENIHR) (EC, 
2008b) report concluded that prolonged exposure to sounds from PLDs may result in temporary 
hearing threshold shift, permanent hearing threshold shift and tinnitus, as well as poor speech 
communication in noisy conditions. However, based on the data available, there was no direct 
evidence for an effect of repeated, regular daily exposure to music through PLDs on development of 
permanent noise-induced hearing loss. Data on tinnitus were inadequate and therefore inconclusive. 
No meta-analysis was provided for any of the hearing effects; nor were the exposure–effect curves 
reported. The SCENIHR report was based on a narrative review of 30 original papers with over 2000 
participants and exposure to music sounds that covered a range of 60–120 dB. Studies included in 
the review were carried out between 1982 and 2007.

In 2014 a second systematic review was published by Vasconcellos et al. (2014). Although the 
objective of this publication was to determine threshold levels of personally modifiable risk factors 
for hearing loss in the paediatric population, specific thresholds analyses were limited. Based on 
the descriptive overview of original papers, the authors identified exposure to loud music (including 
use of PLDs) and working on a mechanized farm as the main risk factors for hearing loss in children 
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and teenagers. Thresholds of exposure to music, significantly associated with hearing loss in youth, 
were:

•	more than four hours per week or more than five years of personal headphone usage; 

•	more than four visits per month to a discotheque.

The evidence review identified five new cross-sectional studies on noise from PLDs since the 
publication of the SCENIHR report (Feder et al., 2013; Levesque et al., 2010; Sulaiman et al., 2013; 
2014; Vogel et al., 2014). Direct measurement of hearing thresholds with pure tone audiometry was 
performed only in three studies – by Feder et al. (2013) and Sulaiman et al. (2013 and 2014). In total, 
audiometric data from 484 subjects were analysed; among them, 449 were exposed and 35 were  
not exposed to PLD music. Two other studies by Levesque et al. (2010) and Vogel et al. (2014) did 
not perform audiometric measurement but reported on tinnitus in a total of 1067 participants. 

Noise from PLDs was estimated based on direct measurement of equivalent sound pressure levels 
(in dB) in four studies (Feder, 2013; Levesque et al., 2010; Sulaiman et al., 2013; 2014) and based 
on converting volume-control setting levels of PLD into dB levels in one study (Vogel et al., 2014). 
The resulting exposure levels (LAeq values) had a mean of between 72 dB and 91 dB, although in two 
studies these data were not provided. In all studies, individual LAeq,8h value was calculated based on 
an estimated level of music and the number of hours a day listening to the music through the PLD 
declared by an individual in the questionnaire. Resulting LAeq,8h mean values were between 62 dB 
and 83 dB when provided.

Potential confounding was controlled by excluding the subjects with exposure to other sources 
of high-level noise or prior ear problems (Sulaiman et al., 2013), by excluding those with these 
factors and ototoxic drug intake (Sulaiman et al., 2014) or by controlling for these confounders by 
accounting for them in the statistical models. The confounders comprised socioeconomic status, 
demographic factors, tubes in the ear and leisure exposures in one study (Feder, 2013), and age 
and sex in one study (Vogel et al., 2014). One of the studies did not adjust for confounding factors 
(Levesque et al., 2010).

Data on permanent hearing loss were taken from audiometric measurements (Feder, 2013; Sulaiman 
et al., 2013; 2014), while data about permanent tinnitus were taken from self-reported responses to 
questionnaires (Levesque et al., 2010; Vogel et al., 2014). In one case, the outcome was defined as 
“permanent hearing-related symptoms”, but it is not clear what proportion of subjects experienced 
permanent tinnitus (Vogel et al., 2014).

For permanent hearing loss, there is no pooled effect size, because the authors of the original 
studies either did not report data or reported in different formats. However, these studies indicate 
a harmful effect of listening to PLDs. For permanent tinnitus, there is no pooled effect size because 
the effects of noise from PLDs on permanent tinnitus were contradictory. These results are generally 
consistent with previous reviews by SCENIHR (EC, 2008b) and Vasconcellos et al. (2014).

The risk of bias was assessed as high for all five studies. The overall evidence for an effect of PLDs 
on hearing impairment and tinnitus was rated very low quality.
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3.5.2.2 Evidence on interventions 

The following section summarizes the evidence underlying the recommendation on the effectiveness 
of interventions for leisure noise exposure. The key question posed was: in the general population 
exposed to leisure noise, are interventions effective in reducing exposure to and/or health outcomes 
from leisure noise? A summary of the PICOS/PECCOS scheme applied and the main findings is set 
out in Tables 47 and 48.

Table 47. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to 
leisure noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measure that aims to change noise exposure and associated health effects; 

(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measure designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 48. Summary of findings for interventions for leisure noise 

Type of intervention Number of 
participants 
(studies)

Effect of intervention Quality of 
evidence

Hearing impairment

Type E – behaviour change 
interventions

(education programme/campaign)

4151  
(7)

None of the studies involved 
measurement or estimation of exposure 
levels or health outcomes.

Most studies found a significant effect 
of change in knowledge or behaviour.

–

Seven individual studies on PLDs, attendance at music venues and participation in other recreational 
activities where there was risk of hearing damage and/or tinnitus were included in the systematic 
review (Dell & Holmes, 2012; Gilles & Van de Heyning, 2014; Kotowski et al., 2011; Martin et al., 
2013; Taljaard et al., 2013; Weichbold & Zorowka, 2003; 2007). All studies examined interventions 
directed at changes in knowledge or behaviour and hearing impairment. 

The studies all sought evidence on the effectiveness of some form of educational programme or 
campaign aimed at children, adolescents or college students. These addressed perceptions and 
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knowledge of the risk of high levels of noise – generally, but not exclusively, from PLD sources 
or from attendance at music events – and actual or intended changes to hearing damage risk 
behaviours, including avoidance, frequency or duration of exposure, regeneration periods when in 
high noise, or playback levels. 

The outcome assessed in all intervention studies was the change in knowledge and behaviours 
towards hearing damage risk. The health outcome measures varied widely and included 
measurements on the youth attitude towards noise scale, participants’ knowledge about hearing 
damage, participants’ PLD usage patterns, participants’ attitudes to wearing hearing protection 
(some in general; some at discotheques) and frequency of discotheque attendance. A majority of 
the studies found a significant effect of change in knowledge or behaviour. No indication on the 
persistence of knowledge and behavioural change was given, though. 

None of the studies included objectively measured outcomes or a measured change in noise level 
exposure; thus, the effectiveness of the interventions could not be assessed, and the quality of the 
evidence was not rated according to GRADE.

3.5.2.3 Consideration of additional contextual factors 

Based on the quality of the available evidence discussed in the foregoing overview, the GDG set 
the strength of recommendation of leisure noise to conditional. As a second step, it qualitatively 
assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These considerations mainly concerned the balance of harms and 
benefits, values and preferences, and resource use and implementation. 

When assessing the balance of benefits and harms, the GDG recognized that exposure to leisure 
noise is widespread and frequent. In particular, as many as 88–90% of teenagers and young adults 
report listening to music through PLDs earphones (Pellegrino et al., 2013; Vogel et al., 2011). In 
2015 WHO estimated that 1.1 billion young people worldwide could be at risk of hearing loss due 
to unsafe listening practices (WHO, 2015a). Furthermore, among young people aged 12–35 years 
in middle- and high-income countries, nearly 50% listen to unsafe levels of sound through personal 
audio devices (mp3 players, smartphones and others), and around 40% are exposed to potentially 
damaging levels of sound at nightclubs, bars and sporting events. Noise-induced hearing loss can 
be prevented by following safe listening practices, so the GDG concluded that health benefits can 
be gained from markedly reducing population exposure to leisure noise, including through actions 
to promote safe listening practices. A reduction of leisure noise is also assumed to reduce nuisance 
that can be caused to other people than those who enjoy leisure activities, such as neighbours. 
Furthermore, specifically for PLDs, it can reasonably be expected that a reduction of noise exposure 
could also lead to a reduction in accidents, injuries and other potential safety risks. In relation to 
possible harms and burdens, the GDG could not identify any harms (except economic costs, which 
are addressed in the paragraph on resource use and implementation) arising from implementation 
of the recommended guideline values. 

Considering values and preferences, the GDG recognized that listening to music with the help 
of a PLD, going to concerts and attending sport events are activities regarded as enjoyable and 
therefore assumed to be valued by the overall population. Furthermore, it is expected that values and 
preferences might vary in particular with respect to the use of PLDs and embracing leisure activities 
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involving loud noise, like concerts, and that some population groups – especially younger individuals 
– might voluntarily expose themselves to high levels of sound during these activities. Despite this, 
the GDG was confident that recommendations to lower noise levels for the prevention of hearing 
damage from leisure noise would be welcome by a majority of the population. Recommendations 
are expected to be particularly welcome when it comes to protecting the hearing of young children 
and teenagers, as these vulnerable groups often do not have control over their environment and the 
noise levels to which they are exposed, such as from noisy toys or at school.

With resource use and implementation, the GDG noted that interventions exist to reduce exposure 
to leisure noise from PLDs, attendance at music venues and participation in recreational activities, 
as aggregated by the systematic review on environmental noise interventions and their associated 
impacts (Brown & van Kamp, 2017). As most of these relate to implementation of a behaviour 
change, the reduction of exposure to leisure noise is expected to be technically feasible and cheap. 
None of the empirical investigations objectively measured outcomes or a measured change in 
noise level exposure, so the effectiveness of such measures cannot be assessed. Nevertheless, it 
is important to note that there is ample evidence from the occupational health field that high noise 
levels cause hearing damage, and that occupational interventions to reduce noise exposure are 
effective at lowering the risk of hearing problems or hearing damage (EC, 2003; Garcia et al., 2018; 
ISO, 2013; Maassen et al., 2001). In conclusion, resources needed to reduce exposure to leisure 
noise are not expected to be intensive, but implementation and long-term success of measures 
might be challenging, owing to cultural factors, as changes in behaviour are expected to be tricky 
to implement. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains conditional. 

Additional considerations or uncertainties

The GDG considers the noise levels selected for this recommendation to be reasonable precautionary 
measures, in view of the rating of very low quality for the available evidence on an effect of leisure 
noise on permanent hearing impairment and tinnitus identified in the systematic review. 

Extensive literature shows hearing impairment in populations exposed to specific types of 
nonoccupational environments, although these exposures are generally not well characterized. There 
are no studies with objective measurement of exposure to any other type of leisure noise (except 
PLDs) and permanent hearing impairment or tinnitus. Nevertheless, this recommendation generally 
applies to all leisure noise exposures, such as events in public venues (concerts halls, sports events, 
bars and discotheques) and educational facilities, and use of PLDs. The recommendation also 
applies to exposure to impulse sounds, such as those in shooting facilities or from the use of toys 
and firecrackers. 

Hearing loss is the resultant value of combined exposures to different sources of leisure noise 
including, but not limited to, PLDs. Therefore, the recommendations apply to the combined noise 
levels from all sources. 

Noise-induced hearing loss develops very slowly over years of exposure, giving rise to challenges 
in the assessment of the health impacts from prolonged use of PLDs and exposure to leisure noise. 
The induction period for the development of hearing impairment and tinnitus is long, and varying 
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exposure conditions and changing lifestyle habits (including confounding noise sources), particularly 
among young people, will have an impact. Therefore, recommendations regarding leisure noise 
have often been inferred from the occupational field, where exposure conditions are more stable 
over time. 

Indeed, long-term exposure to noise, objectively assessed and at levels measured in occupational 
settings for various professions, can lead to permanent hearing loss and tinnitus. This evidence, 
while not reviewed systematically as part of the work related to these guidelines, can be used as 
supportive evidence and justification for the need to develop a recommendation for leisure noise, 
given that many people could be at risk of developing hearing loss and/or tinnitus from exposure to 
lower levels of environmental noise. Similar otobiological mechanisms must also be considered for 
environmental noise. 

To date, no commonly accepted method for assessing the risk of hearing loss due to environmental 
exposure to noise has been developed. One of the main challenges is to conduct a long-term 
objective exposure assessment of environmental noise and relate this to the development of 
permanent hearing impairment and tinnitus. The GDG underlined the strong need for research to 
develop a comprehensive methodology. In the absence of a method, and as long as no other tools 
are available, the equal energy principle outlined in the ISO standard for the estimation of noise-
induced hearing loss (WHO, 1999) can be used as a practical tool for protecting public health from 
exposure to leisure noise. As a result, the relationship between leisure noise exposure and auditory 
effects can be quantified for a variety of exposure levels, duration and frequency.

Several organizations have established regulations for the protection of workers from risks to their 
health and safety arising from exposure to noise, and in particular risk to hearing. Of particular 
relevance is EU Directive 2003/10/EC on the minimum health and safety requirements regarding 
the exposure of workers to the risks arising from physical agents (noise) (EC, 2003). Based on the 
ISO 1999 standard (ISO, 2013), the Directive sets limits of exposure depending on equivalent noise 
level for an eight-hour working day and obliges the employer to take suitable steps if the limits are 
exceeded. It recommends three action levels for occupational settings, setting the lowest, most 
conservative value at Lex,8hr = 80 dB. According to the Directive, no consequences of exposure to 
occupational noise are expected at this level. While exposure patterns and certain characteristics 
of occupational and leisure noise exist, knowledge of the hearing impairment risks and preventive 
interventions can be used to assess health risks associated with leisure noise (Neitzel & Fligor, 2017). 

The CNG recommend a limit of LAeq,24h  =  70  dB(A) for preventing hearing loss from industrial, 
commercial shopping and traffic areas, indoors and outdoors (WHO, 1999). Health and safety 
regulations are usually based on an exposure profile of a typical worker (eight hours per day, five days 
per week). Using the existing knowledge from the ISO standard and established health and safety 
regulations, it is possible to use the equal energy principle to derive the resulting noise exposure level 
for an exposure profile more appropriately suited for leisure noise. Converting 40 hours at 80 dB to a 
continuous exposure to noise (24 hours per day, seven days per week), this leads to a yearly average 
exposure of 71 dB for lifelong exposure.21 This is the same value as the WHO recommendation of 

21 71 dB = 80 dB (derived from ISO standard) − 6.2 dB (conversion of yearly average of 40 working hours divided 
by continuous exposure to noise: (10 log (2080hrs/8760 hrs)) – 3 dB (extrapolation of 40 working years to lifelong 
exposure).
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70 dB (WHO, 1999). Table 49 presents the noise levels per hour for various time averages in order to 
keep within the recommended yearly average exposure, and assuming that exposure to other noise 
sources generally does not contribute significantly. For example, for specific events taking place for 
one-, two- or four-hour averages, once a week (such as visiting a discotheque or watching a loud 
movie), an hourly noise level of 85 dB would lead to an average yearly exposure of 63 dB, 66 dB and 
69 dB, respectively. However, the same hourly exposure of 85 dB for an activity taking place for 14 
hours per week (two hours per day, seven days a week) would lead to a yearly exposure of 74 dB, 
which exceeds the recommendations. 

Table 49. Combination of hourly exposure and number of hours per week to arrive at a yearly 
average LAeq

Hours of exposure per week One-hour exposure level (LAeq)

70 75 80 85 90 95 100

1 48 53 58 63 68 73 78

2 51 56 61 66 71 76 81

4 54 59 64 69 74 79 84

14 (2 hours per day, 7 days per 
week)

59 64 69 74 79 84 89

28 (4 hours per day, 7 days per 
week)

62 67 72 77 82 87 92

40 (8 hours per day, 5 days per 
week)

64 69 74 79 84 89 94

168 (24 hours per day, 7 days per 
week)

70 75 80 85 90 95 100

Note: green = combinations of exposure/duration below current guideline level; red = combinations of exposure/duration 
above current guideline level; blue = input parameters.

The equal energy principle cannot be used to derive single-event limits because at high levels 
the ear starts to respond with nonlinear behaviour. The CNG provides several values, in different 
units: LAF,max =  110  dB for industrial noises (no distance stated), Lpeak,lin =  140  dB for adults and 
Lpeak,lin = 120 dB for children (measured at 100 mm) (WHO, 1999). EU Directive 2003/10/EC on the 
minimum health and safety requirements regarding the exposure of workers recommends a lower 
action level of Lpeak,C = 135 dB (at 100 mm). In a recent overview Hohmann (2015) provided an ERF 
for hearing damage caused by shooting noise, from which it appears that a safe level of LE = 120 dB 
can be derived. 

Although it is clear that high noise levels cause acute hearing damage, there is no agreement on a 
safe level. Further research is highly recommended. In the mean time, existing guidelines should be 
applied.
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3.5.3 Summary of the assessment of the strength of recommendation 
Table 50 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the leisure noise recommendations. 

Table 50. Summary of the assessment of the strength of the recommendation

Factors influencing the 
strength of recommendation

Decision

Quality of evidence Average exposure (LAeq,24h)

Health effects 

•	Evidence of an effect from PLDs on hearing impairment and tinnitus, in the 
absence of evidence for other health outcomes and absence of evidence 
on hearing impairment and tinnitus from other types of leisure noise besides 
PLDs, was rated very low quality.

Interventions 

•	No evidence was available on the effectiveness of interventions to reduce 
noise exposure and/or health outcomes from leisure noise.

Balance of benefits versus 
harms and burdens

The general benefit from reduction of leisure noise outweighs any potential 
harms. 

Values and preferences There is variability in the values and preferences of the general population.

Resource implications The resources needed to reduce exposure to leisure noise are not expected to 
be intensive, but implementation and the long-term success of measures may 
be challenging, mainly due to cultural factors.

Decision on strength of 
recommendation

•	Conditional for guideline level for average noise exposure (LAeq,24h)

•	Conditional for single-event and impulse noise 

•	Strong for interventions to reduce noise exposure

3.6 Interim targets 
An interim target was proposed in the NNG (WHO Regional Office for Europe, 2009), “recommended 
in situations where the achievement of NNG is not feasible in the short run for various reasons”. The 
NNG emphasized that an interim target is “not a health-based limit value by itself. Vulnerable groups 
cannot be protected at this level”. 

The GDG discussed whether to propose interim targets as part of the current guidelines, and if so, 
what process would be needed to derive those values. The current recommendations are health-
based and already provide guideline values per noise source (for both Lden and Lnight). They also 
include information on exposure–response relationships for various health outcomes, which can be 
used by policy-makers or other stakeholders to inform the selection of different values, if needed. 
Further, interim targets may work differently in different countries and for different noise sources, 
and it may not be optimal to propose them Europe-wide. As a result, there was consensus among 
members of the GDG not to provide interim targets. 
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4. Implications for research
The development of these environmental noise guidelines for the WHO European Region has made 
evident some key knowledge gaps and research needs. The main ones specific to the guideline 
recommendations are presented as implications for research in the sections that follow. 

4.1 Implications for research on health impacts from transportation noise 
For the assessment of health effects from the main sources of transportation noise (road traffic, 
railways and aircraft), the various evidence reviews show the following knowledge gap: there is a 
need for longitudinal studies on the health impacts from exposure to environmental noise, to inform 
future recommendations properly (Table 51). 

Table 51. Implications for research on health impacts from transportation noise (air, rail, road)

Current state of the 
evidence

Limited evidence is available on health impacts from transportation noise from large-scale 
cohort and case-control studies, with objective measurement of both noise exposure and 
health outcomes.

Population of 
interest

Research is needed into effects of exposure on children and adults exposed to environmental 
noise from transportation sources.

Exposure of interest Objective measurement or calculation of transportation noise exposure is required; in 
particular, from studies of health effects related to combined exposure to different noise 
sources.

Comparison of 
interest

The data should be compared to the effects of lower levels of transportation noise.

Outcomes of 
interest

Measures of the following health outcomes is required, assessed objectively and harmonized 
where possible – for example, according to common protocols: 

•	 annoyance 

•	 effects on sleep

•	 cardiovascular and metabolic effects

•	 adverse birth outcomes

•	 cognitive impairment

•	mental health, quality of life and well-being

•	 hearing impairment and tinnitus 

•	 any other relevant health outcome.

Time stamp The systematic review included studies between October 2014 and December 2016.

4.1.1 Specific implications for annoyance
To predict absolute %HA at the full range of levels (and the corresponding CIs), an integrated 
analysis of the original raw data from all of individual studies would be necessary. The evidence 
review conducted as part of the guidelines focused only on secondary data handling and therefore 
does not replace a full meta-analysis of all individual data. The development of a generic exposure–
response relationship (from a full meta-analysis based on all individual data) is suggested as a 
priority research recommendation (see Table 52).
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Table 52. Recommendation for research addressing the exposure–response relationship

Current state of the 
evidence

The evidence review on annoyance conducted as part of the guidelines does not provide a 
generalized ERF but points to significant differences compared to the curves used in the past. 
It shows that the available generalized ERFs are in need of adjustment, preferably as a result 
of undertaking a full meta-analysis. This is especially the case for the sources aircraft and 
railway noise, which new data show are more annoying than previously documented.

Population of 
interest

Research is needed into effects of exposure on children and adults exposed to air, rail and/or 
road traffic noise.

Exposure of interest Objective measurement of transportation noise exposure is required.

Comparison of 
interest

The data should be compared to the effects of lower levels of transportation noise.

Outcomes of 
interest

Measures of health outcomes are required, assessed objectively according to common 
protocols (such as the International Commission on Biological Effects of Noise (ICBEN) scale 
for annoyance).

Time stamp The systematic review included studies up to October 2014.

4.2  Implications for research on health impacts from wind turbine noise
Further research into the health impacts from wind turbine noise is needed so that better-quality 
evidence can inform any future public health recommendations properly. For the assessment of 
health effects from wind turbines, the evidence was either unavailable or rated low/very low quality. 
Recommendations for research addressing this priority are proposed in Table 53.

Table 53. Implications for research on health impacts from wind turbine noise

Current state of the 
evidence

The current evidence on health outcomes related to wind turbine noise is unavailable or of 
low/very low quality and mainly comes from cross-sectional studies. Methodologically robust 
longitudinal studies with large samples investigating the quantitative relationship between 
noise from wind turbines and health effects are needed.

Population of 
interest

Research is needed into effects of exposure on children and adults exposed and living near 
sources of wind turbine noise. Studies should assess subgroup differences in effects for 
vulnerable groups such as children, elderly people and those with existing poor physical and 
mental health. 

Exposure of interest Exposure to noise at a wide range of levels and frequencies (including low-frequency noise), 
with information on noise levels measured outdoors and indoors (particularly relevant for 
effects on sleep) at the residence is needed. The noise exposure should be measured 
objectively and common protocols for exposure to wind turbine noise should be established, 
considering a variety of noise characteristics specific to wind turbine noise. 

Comparison of 
interest

The data should be compared to the effects in similar areas without wind turbines. Pre/
post studies of new wind turbine installations are needed, especially if “before measures” 
unbiased by the stress and knowledge of potential wind turbine farm development need to be 
developed. 

Outcomes of 
interest

Measures of health outcomes are required, assessed objectively – for example, according 
to common protocols (ICBEN scale for annoyance and self-reported sleep disturbance). The 
studies should include the most important situational and personal confounding variables, 
such as negative attitudes towards wind turbines, visual impact, economic gain and other 
socioeconomic factors.

Time stamp The systematic review included studies between October 2014 (review on annoyance) and 
December 2016 (review on cardiovascular disease).
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Alongside the defined needs for research on wind turbine noise it should be noted that research 
regarding industrial noise in general is required. More specifically, there is a need to investigate 
stationary sources (including heat, ventilation and acclimatization devices) and their impacts on 
health. Studies on hearing disorders from impulse and/or intermittent sounds are also needed; these 
would enable assessment of adverse effects created by one or several sounds of short duration with 
a high maximum sound level or impulse sound level. 

4.3 Implications for research on health impacts from leisure noise
For the assessment of effects from leisure noise, the evidence to make a recommendation on the 
ERF to use for health risk assessment, or of a threshold for effects, was either unavailable or rated 
very low quality. This is a research gap: longitudinal studies with longer follow-up are needed; these 
should measure noise objectively, not only from PLDs but also from other types of leisure noise. 

There is uncertainty in the measurement of early hearing disorders among young people using the 
tonal audiometry commonly applied. Precise methods to identify early hearing impairment and other 
hearing disorders are needed. Owing to long induction periods, however, adequate research may be 
difficult to perform, particularly among young people who change their exposure in terms of sound 
level and frequency as they age (for example, changing their music listening habits and venue visits). 
As a result, the recommendations refer to the results derived from stationary noise sources in the 
occupational field, in conjunction with the equal energy principle (see Table 54).

Table 54. Implications for research on health impacts from leisure noise

Current state of the 
evidence

Currently, no evidence is available on hearing impairment and tinnitus from large-scale cohort 
and case-control studies, with objective measurement of noise exposure and using a suitable 
method to assess hearing impairment in young people. 

Population of 
interest

Research is needed into effects of exposure on children and adults exposed to environmental 
noise from different sources and in different settings.

Exposure of interest Objective measurement of leisure noise exposure is required.

Comparison of 
interest

The data should be compared to the effects of no leisure noise exposure from these sources.

Outcomes of 
interest

The primary outcomes identified are:

•	 hearing loss measured by audiometry;

•	 specific threshold analyses focused on stratifying the risk of permanent hearing loss 
according to clearly defined levels of exposure to leisure noise, such as music through 
PLDs;

•	 concise methods to identify early hearing impairment and other hearing disorders;

•	 temporary threshold shift after exposure to leisure noise, as it may be reasonably predictive 
of future permanent threshold shift;

•	 age-related hearing loss progression depending on early-age exposure to leisure noise, 
such as to loud music; and

•	 tinnitus, measured objectively and subjectively.

Time stamp The systematic review included studies up to June 2015.
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4.4 Implications for research on effectiveness of interventions to reduce 
exposure and/or improve public health

The quality of the evidence on the effectiveness of interventions to reduce exposure to and health 
outcomes from environmental noise was variable. Further studies directly linking noise interventions 
to health outcomes are required, particularly for sources other than road traffic noise, and for human 
health outcomes other than annoyance. 

Most studies involved road traffic noise (63%), followed by aircraft noise (13%) and railway noise 
(6%). The remaining interventions were for leisure noise (13%) and noise in hospital settings (4%). 
No interventions were identified that either addressed wind turbine noise or focused on educational 
settings. 

Exposure-related interventions were mainly associated with a reduction in environmental noise 
exposure. However, in five studies (four road traffic noise studies and one aircraft noise study) some 
or all of the participants experienced noise exposure increases. 

There is no clear evidence with respect to thresholds, which are defined as:

•	the smallest change in exposure levels that results in a change in outcome; and 

•	the minimum before-level, regarding changes in health outcomes as a result of interventions.

The limited evidence base on the health effects of environmental noise interventions is thinly spread 
across different noise source types, outcomes and intervention types. Diversity exists between 
studies even within intervention types in terms of study designs, methods of analysis, exposure 
levels and changes in exposure experienced as a result of the interventions. For these reasons, 
carrying out a meta-analysis across studies examining the association between changes in level and 
changes in outcome was not possible.

To remedy this main research gap, longitudinal studies assessing noise exposure and health 
outcomes objectively should be developed, taking into account the most relevant confounders. The 
establishment of common protocols for future research is warranted (see Table 55). 

Authorities should include significant funding for the design and implementation of studies to evaluate 
the effectiveness of interventions to reduce noise and their impact on health. 
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Table 55. Implications for research on effectiveness of interventions to reduce exposure and/
or improve public health

Current state of 
the evidence

The current evidence on effectiveness of interventions to reduce health outcomes is limited 
and of varying quality. Few longitudinal studies have been done that take into account the 
most relevant confounders and measure the noise exposure and the outcomes objectively.

Population of 
interest

Research is needed into effects of interventions on defined populations exposed to and/or 
living near sources of environmental noise. 

Intervention of 
interest

Research into any noise intervention at various points along the system pathway between 
source and outcome, for a variety of noise sources, is required.

Comparison of 
interest

The data should be compared to:

•	 a steady-state control group, in similar areas with various exposure gradients from 
environmental noise sources; 

•	 the noise exposure in the same population, through a series of sequential measurements 
assessing the change before and after the intervention, preferably with multiple after 
measurements. 

Outcomes of 
interest

Future intervention studies should use validated and, where possible, harmonized measures of 
exposure and outcome, as well as of moderators and confounders.

The studies should use measures of exposure including noise exposure at a wide range 
of levels and frequencies (including low-frequency noise), with information on noise levels 
outdoors and indoors (particularly relevant for effects on sleep). 

They should also use measures of health outcomes, including the following outcomes 
assessed objectively – for example, according to common protocols (ICBEN scale for 
annoyance) – with consideration that the change in human response for some health outcomes 
from a step change in exposure may have a different time course to that of the change in 
exposure:

•	 annoyance 

•	 effects on sleep

•	 cardiovascular and metabolic diseases

•	 adverse birth outcomes

•	 cognitive impairment

•	mental health, quality of life and well-being

•	 hearing impairment and tinnitus 

•	 any other relevant health outcome.

Further, they should use measures of moderators and confounders, including repeated 
measurements of situational and personal variables such as activity interference, potential 
confounders such as noise sensitivity, coping strategies and a range of other attitudinal 
variables.

Time stamp The systematic review included studies up to October 2014.
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5. Implementation of the guidelines

5.1 Introduction
These guidelines focus on the WHO European Region and provide guidance to Member States 
that is compatible with the noise indicators used in the EU’s END (EC, 2002a). They provide 
information on the exposure–response relationships between exposure to environmental noise from 
different noise sources and the proportion of people affected by certain health outcomes, as well as 
interventions that are considered efficient in reducing exposure to environmental noise and related 
health outcomes.

The WHO guideline values are evidence-based public health-oriented recommendations. As such, 
they are recommended to serve as the basis for a policy-making process in which policy options 
are considered. In the policy decisions on reference values, such as noise limits for a possible 
standard or legislation, additional considerations – such as feasibility, costs, preferences and so on 
– feature in and can influence the ultimate value chosen as a noise limit. WHO acknowledges that 
implementing the guideline recommendations will require coordinated effort from ministries, public 
and private sectors and nongovernmental organizations, as well as possible input from international 
development and finance organizations. WHO will work with Member States and support the 
implementation process through its regional and country offices.

5.2 Guiding principles
Four guiding principles provide generic advice and support when incorporating the recommendations 
into a policy framework, and apply to the implementation of all the recommendations. 

The first principle is to reduce exposure to noise, while conserving quiet areas. The recommendations 
focus on reduction of population exposure to environmental noise from a variety of sources, in 
different settings. The general population can be exposed regularly to more than one source of 
noise simultaneously (including, in some cases, occupational noise), as well as to other nonacoustic 
factors that can modify the response to noise (such as vibration from railways, air pollution from 
traffic or visual aspects of wind turbines). Thus, overall reduction of exposure from all sources should 
be promoted. Furthermore, noise exposure reduction in one area should not come at the expense 
of an increase in noise elsewhere; existing large quiet outdoor areas should be preserved.

The second principle is to promote interventions to reduce exposure to noise and improve health. 
The evidence from epidemiological studies on adverse health effects at certain noise levels, used as 
a basis to derive the guideline values proposed in the recommendations, supports the promotion of 
noise interventions. The potential health impacts from environmental noise are significant, especially 
when considering the widespread exposure to environmental noise across the population and the 
high baseline rates for various health outcomes associated with environmental noise. 

There are challenges in assessment of the effectiveness of interventions to reduce noise exposure 
and/or improve health, as there is often a significant time lag between the intervention and a 
measurable change in exposure and related health benefits. The lack of – or limited direct evidence 
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for – quantifiable health benefits of some specific interventions does not imply that measures to 
achieve population exposure according to the proposed guidelines should be ignored.

Given the different factors that determine noise exposure, a single measure alone may not be 
sufficient to reduce exposure and/or improve health significantly, and a combination of methods 
may be warranted. Nevertheless, it is widely acknowledged that the most effective actions to reduce 
exposure tend to be those that reduce noise at the source. Such actions have the biggest potential, 
whereas other measures can be less effective or sustained over time, especially when they depend 
on behaviour change or noise reductions inside houses.

The third principle is to coordinate approaches to control noise sources and other environmental 
health risks. Considering the common transport-related sources of environmental noise and air 
pollution, and in particular the evidence of independent effects on the cardiovascular system, a 
coordinated approach to policy development in the sectors related to urban planning, transport, 
climate and energy should be adopted for policies with an impact on environmental noise, air quality 
and/or climate. Such an approach should yield multiple benefits through increased commitment 
and financial resources; increased attention to securing health considerations in all policies; and use 
of policy to control noise and other environmental risks such as air pollutants, including short-lived 
climate pollutants. There is wide consensus on the value of pursuing coordinated policies that can 
deliver health and other benefits, such as those associated with the local environment and economic 
development. Furthermore, coordinated policy-making is potentially cost-saving.

The fourth principle is to inform and involve communities that may be affected by a change in noise 
exposure. In planning new urban and/or rural developments (transport schemes, new infrastructures 
in less densely populated areas, noise abatement and mitigation strategies), bringing together 
planners, environmental professionals and public health experts with policy-makers and citizens 
is key to public acceptability and involvement and to the successful guidance of the decision-
making proces. Potential health effects from environmental noise should be included as part of 
health impact assessments of future policies, plans and projects, and the communities potentially 
affected by a positive or negative change in noise exposure should be well informed and engaged 
from the outset to maximize potential benefits to health. Introducing measures incrementally may 
help with acceptance.

5.3 Assessment of national needs and capacity-building
National needs, including the need for capacity-building, differ between Member States in the 
WHO European Region. They depend on the existence and level of implementation of national and/
or European and international noise policies; these are more likely to be implemented fully in EU 
countries thanks to the legally binding provisions of the EU’s END (EC, 2002a). In most countries 
in the Region noise is perceived as a major and growing environmental health and public health 
problem. Noise mapping and action plans are carried out in accordance with the END in EU Member 
States, and in south-eastern European countries noise legislation has mainly been harmonized with 
the END. Nevertheless, significant differences still exist in the completeness and regular updating 
of noise exposure assessment between countries. Noise exposure assessment is a required input 
for noise health impact assessments, along with exposure–response relationships and population 
baseline data. 
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WHO has identified some common needs for knowledge transfer and capacity-building for health 
risk assessment of environment noise in the Member States that joined the EU after 2003, the newly 
independent states and south-eastern European countries (WHO Regional Office for Europe, 2012): 

•	implementation of the END and its annexes, especially in the preparation of strategic noise 
mapping and action plans; 

•	human resources development through education and training in health risk assessment and 
burden of diseases stemming from environmental noise; 

•	methodological guidance for health risk assessment of environmental noise. 

These guidelines mostly recommend exposure–response relationships related to the exposure 
indicators Lden and Lnight. They are therefore of particular relevance to EU countries and those applying 
the END. In countries that do not use these indicators, users of the guidelines need to convert their 
noise indicators into Lden and Lnight before being able to apply the recommendations. Conversion 
between indicators is possible, using a certain set of assumptions (Brink et al., 2018).

5.4 Usefulness of guidelines for target audiences
The provision of guideline values as a practical tool for guiding exposure reduction and the design of 
effective measures and policies is widely seen as useful. The WHO guidelines equip policy-makers 
and other end-users with a range of different needs with the necessary evidence base to inform 
their decisions. As indicated in section 1.4, these guidelines serve as a reference for several target 
audiences, and for each group they can be useful in different ways.

•	For technical experts and decision-makers, the guidelines can be used to provide exposure–
response relationships that give insight into the consequences of certain regulations or standards 
on the associated health effects. They also can be useful at the national and international level when 
developing noise limits or standards, as they provide the scientific basis to identify the levels at 
which environmental noise causes a significant health impact. Based on these recommendations, 
national governments and international organizations can be better informed when introducing 
noise limits, to ensure protection of people’s health. 

•	For health impact assessment and environmental impact assessment practitioners and researchers, 
these guidelines provide exposure–response relationships that give insight into the expected 
health effects at observed or expected noise exposure levels. They offer recommendations on the 
maximum admissible noise levels for some sources and provide important input to assit in deriving 
the health burden from noise; in that sense, they can be used when producing studies such as 
noise maps and action plans to obtain an evaluation of the magnitude of the health problem. The 
systematic reviews developed in support of these guidelines allow practitioners to raise awareness 
of the credibility of the issue of noise as a public health problem and to use the recommended 
exposure–response relationships uniformly. Researchers will also benefit from the guidelines as 
they clearly identify critical data gaps that need to be filled in the future to better protect the 
population from the harmful effects of noise.

•	The guideline recommendations provide a useful tool for national and local authorities when 
deciding about noise reduction measures, as they provide data to estimate the health burden 
on the population and therefore allow comparison among different policy options. These options 
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can include measures to reduce the noise emitted by the sources, measures aimed at impeding 
the transmission of noise from the sources to people and measures aimed at better planning the 
location of houses (urban planning).

•	The guideline recommendations can also be used by civil society, patients and other advocacy 
groups to raise awareness and encourage actions to protect the population, including vulnerable 
groups, from exposure to noise. 

Regarding noise abatement and mitigation of noise sources, practical exposure–response 
relationships for various noise sources are useful quantitative input to determine the impact of noise 
on health. They can be valuable information to use in cost–effectiveness and cost–benefit analyses 
of various policies for noise abatement. In this respect, the guideline recommendations can be an 
integral part of the policy process for noise reduction by various institutions; they are of great value 
for communicating the health risks and potential cost-effective solutions to reduce noise. 

National and local authorities and nongovernmental organizations responsible for risk communication 
and general awareness-raising can use these guidelines for promotion campaigns and appropriate 
risk communication. The guidelines provide scientific evidence on a range of health effects associated 
with noise and facilitate appropriate risk communication to specific vulnerable groups. They therefore 
need to be promoted broadly to citizens, national and local authorities and nongovernmental 
organizations responsible for risk communication.

5.5 Methodological guidance for health risk assessment of environmental noise
A health risk assessment is the scientific evaluation of potential adverse health effects resulting from 
human exposure to a particular hazard – in this case, environmental noise. The main purpose of the 
assessment is to estimate and communicate the health impact of exposure to noise or changes in 
noise in different socioeconomic, environmental and policy circumstances.

The guideline recommendations, along with the detailed information contained in the systematic 
evidence reviews, can be used to assess health impacts in order to answer a variety of policy 
questions on:

•	the public health burden associated with current or projected levels of noise;

•	the human health benefits associated with changing a noise policy or applying a more stringent 
noise standard;

•	the impacts on human health of emissions from specific sources of noise for selected economic 
sectors (and the benefits of policies related to them); and

•	 the human health impacts of current policy or implemented action.

The results from a health risk assessment are usually reported as the number of attributable deaths, 
number of cases, years of life lost, years lost due to disability or DALYs. 

The quantification of the impacts for one combination of noise source, noise exposure indicator and 
health outcome may to some extent include effects attributable to another. Consequently, for any 
particular set of combinations, consideration should be given to potential double counting.

It is also important to note the uncertainties in quantification of the health impacts. One set of 
uncertainties relates to the CIs associated with the recommended ERFs; these quantify the random 
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error and variability attributed to heterogeneity in the epidemiological studies used for health risk 
assessment. Other types of uncertainty include modelling/calculation of noise exposure, estimates 
of population background rates for morbidity and mortality, and transferability of ERFs from 
locations where studies were carried out or data were otherwise gathered to another location. This 
is especially true for noise annoyance, for which there is often considerable heterogeneity in effect 
sizes of studies because estimates vary between noise sources and are to some degree dependent 
on the situation and context. Furthermore, cultural differences around what is considered annoying 
are significant, even within Europe. It is therefore not possible to determine the “exact value” of %HA 
for each exposure level in any generalized situation. Instead, data and exposure–response curves 
derived in a local context should be applied whenever possible to assess the specific relationship 
between noise and annoyance in a given situation. If, however, local data are not available, general 
exposure–response relationships can be applied, assuming that the local annoyance follows the 
generalized average annoyance. Despite the challenges in applying a “generalized” ERF to specific 
local situations, the GDG believes that the percentage of high annoyance defined in section 2.4.3 
is an acceptable estimate of the “average” %HA at a certain noise level – for example, in Europe.

When performing a health risk assessment of environmental noise, it is important to note several 
considerations. The selection of particular noise source(s), noise exposure indicator(s) and health 
outcome combinations to be used for estimation of the health impacts depends on the particular 
policies and/or measures being assessed. These guidelines propose recommendations for four 
types of noise source using noise indicators Lden and/or Lnight (road traffic, railway noise, aircraft noise 
and wind turbine noise) and one recommendation using LAeq,24h (leisure noise). Any population may 
be exposed to different noise sources associated with the same health outcome. Estimated impacts 
should not be added together without recognizing that addition will, in most practical circumstances, 
lead to some overestimation of the true impact. Impacts estimated for only one combination will, on 
the other hand, underestimate the true impact of the noise mixture, if other sources of noise also 
affect that same health outcome.

The scientific evidence reviewed and summarized in these guidelines implies that the following 
health outcomes can be quantified in a health risk assessment, and that their effects are cumulative:

•	from road traffic noise – incidence of IHD, annoyance and sleep disturbance, and potentially 
incidence of stroke and diabetes;

•	from railway noise – annoyance and sleep disturbance;

•	from aircraft noise – annoyance, reading and oral comprehension in children, sleep disturbance 
and potentially change in waist circumference and incidence of IHD;

•	from wind turbine noise: annoyance.

The DWs suggested in section 2.4.3 can be used to calculate DALYs.

Data on incidence and prevalence of some health outcomes related to noise (mainly cardiovascular 
disease) can be found at a national level in online databases available on the WHO Regional Office 
for Europe website (WHO Regional Office for Europe, 2017). 

General principles of relevance for environmental factors when conducting health risk assessments 
and quantifying the burden of disease can be found elsewhere (European Centre for Health Policy, 
1999; Murray, 1994; Murray & Acharya, 1997; Murray & Lopez, 2013; Quigley et al., 2006; WHO, 
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2014a; 2014b; WHO Regional Office for Europe, 2016). In particular, the WHO Regional Office for 
Europe and JRC jointly published the first estimates of the burden of disease from environmental 
noise in 2011 (WHO Regional Office for Europe & JRC, 2011). The publication includes guidance 
on the procedure for the health risk assessment of environmental noise, exemplary estimates of 
the burden of the health impacts of environmental noise and a discussion of the uncertainties and 
limitations of the procedure to calculate the environmental burden of disease. The reader is referred 
to this publication for more detailed explanations on quantitative risk assessment methods for 
environmental noise. 

5.6 Route to implementation: policy, collaboration and the role of the health 
sector

Preventing noise and related health impacts relies on effective action across different sectors: health, 
environment, transport, urban planning and so on. The health sector needs to be engaged effectively 
in different sectors’ policy processes at national, regional and international levels. It needs to provide 
authoritative advice about the health impacts of noise and policy options that will bring the greatest 
benefits to health. 

In most countries in the WHO European Region, the commitment of the health sector to engage 
in action to address environmental noise issues needs to be improved and better coordinated. A 
more coherent overall response is needed, taking into account relevant linkages with existing health 
priorities and concerns. Thus, some actions can be seen as aspects of the role of the health sector:

•	engaging in proper communication with relevant sectors about noise exposure from different 
sectors and sources (environmental, urban development, transport and so on) to ensure that 
health issues are adequately addressed as part of international, regional, national and/or local 
efforts to address environmental noise – the implementation approach may differ across sectors, 
depending on the level of awareness of noise as a public health problem;

•	promoting the guideline recommendations to policy-makers from different sectors and organizing 
information campaigns and awareness-raising activities in collaboration with national health 
authorities and WHO country offices to inform citizens and health practitioners about the health 
risks of environmental noise;

•	using decision support instruments such as health impact and health risk assessments to quantify 
health risks and potential benefits associated with policies and interventions aimed at addressing 
environmental noise, including presenting information about the severity of the health effects (for 
example, with cardiovascular disease) to convey the serious impacts of noise and to try to change 
attitudes and behaviours of policy-makers and the general public;

•	promoting the guidelines to health practitioners and physicians, especially at the community level 
(through associations of physicians, cardiologists and so on as part of the stakeholder group); 

•	supporting the establishment of national health institutions capable of initiating and developing 
health promotion measures, and conducting research, monitoring and reporting on health impacts 
from environmental noise and its different sources;
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•	organizing capacity-building workshops and training to increase knowledge of the guidelines as 
well as creating tools, skills and resources for health risk assessment and developing intersectoral 
collaboration, particularly in non-EU countries;

•	promoting relevant research initiatives and shaping the research agenda, in part based on critical 
research recommendations and gaps identified in the guidelines, as well as on the impact and 
effectiveness of interventions and experience with their implementation;

•	developing and updating guidelines and policies that influence national, regional and international 
benchmarks and targets related to environmental noise, as well as advocating the inclusion of the 
guidelines in development and shaping of national, regional and international noise policies and 
standards;

•	working with other sectors to strengthen noise level monitoring and evaluation, particularly in non-
EU countries, to ensure proper conducting of health risk assessments of environmental noise.

5.7 Monitoring and evaluation: assessing the impact of the guidelines 
Exposure–response relationships and other recommendations provided by these guidelines should 
be incorporated into national health policies and the main related policy documents. They should 
be used for health impact and health risk assessments to identify health risks and potential benefits 
associated with policies and interventions related to environmental noise. 

Population noise exposure should be monitored and assessed at a national scale, at least in urban 
areas. Furthermore, information on trends in occurrence of noise-related health outcomes considered 
in these guidelines, such as annoyance or sleep disturbance, should be gathered. These monitoring 
activities should be performed on a regular basis to ensure proper health risk assessments of noise. 

5.8 Updating the guidelines 
The progress and pace of noise and health research has intensified over the last 10 years, including 
new studies published after the completion of the systematic reviews done for these guidelines. This 
is partly related to the growing car fleet and resulting traffic, the density of urbanization, demographic 
changes and shifts towards renewable energy, including wind turbines, which have caused an 
increase in public perception and political awareness of the environmental noise problem. Noise 
exposure assessment has also improved, due partly to European legislation, and this has provided 
useful data for epidemiological studies on the health effects of environmental noise. Considering 
this, the recommendations proposed in these guidelines are expected to remain valid for a period 
of about 10 years. WHO will monitor the development of the scientific advancements on noise and 
health research in order to inform any updated guidance on environmental noise.
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Annex 1. Steering, advisory and external review groups

Tables A1.1–A1.5 give details of the various teams involved in the development of the WHO 
environmental noise guidelines for the European Region.

Table A1.1 WHO Steering Group

Name Role Affiliation
Shelly Chadha Technical Officer, Office for Hearing 

Impairment
WHO headquarters, Geneva, Switzerland

Carlos Dora Coordinator WHO headquarters, Department of Public Health 
and Environment, Geneva, Switzerland

Marie-Eve Héroux Technical Officer, Air Quality and Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Dorota Jarosinska Programme Manager, Living and 
Working Environments

WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Rokho Kim Environmental Health Specialist, Team 
Leader

WHO Regional Office for the Western Pacific, 
Division of Noncommunicable Diseases 
and Health through the Life-Course, Manila, 
Philippines

Jurgita Lekaviciute Consultant, Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Srdan Matic Coordinator, Environment and Health WHO Regional Office for Europe, Copenhagen, 
Denmark

Julia Nowacki Technical Officer, Health Impact 
Assessment

WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Elizabet Paunovic Head of Office WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Poonum Wilkhu Consultant, Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Jördis Wothge Consultant, Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany



142

Envi ronmenta l  Noise Guidel ines

Table A1.2. Guideline Development Group 

Area of expertise Reference Area of expertise Reference
Noise sources and their 
measurement

1 Annoyance 6

Biological mechanisms of effects 2
Cognitive impairment, quality of life, mental 
health and well-being

7

Cardiovascular and metabolic 
diseases

3 Adverse birth outcomes 8

Sleep disturbance 4 Environmental noise interventions 9

Hearing impairment/tinnitus 5 Methodology and guideline development 10

Name Position and affiliation
Area of expertise sought for guideline development 

(see reference numbers above)

1 2 3 4 5 6 7 8 9 10

Wolfgang 
Babisch

Senior Scientific Officer (retired)
Federal Environment Agency
Germany

X X X

Goran 
Belojevic

Professor
Institute of Hygiene and Medical 
Ecology Faculty of Medicine
University of Belgrade 
Serbia

X X

Mark Brink Senior Scientist
Federal Office for the Environment
Switzerland

X X X

Sabine 
Janssen

Senior Scientist
Department of Sustainable Urban 
Mobility and Safety
Netherlands Organisation for 
Applied Scientific Research (TNO) 
Netherlands

X X

Peter 
Lercher  
(2013–2014)

Professor
Medical University of Innsbruck
Austria

X X

Marco 
Paviotti

Policy Officer 
Directorate-General for Environment 
European Commission 
Belgium

X X

Göran 
Pershagen

Professor
Institute of Environmental Medicine 
Karolinska Institute
Sweden

X X X

[
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Area of expertise Reference Area of expertise Reference
Noise sources and their 
measurement

1 Annoyance 6

Biological mechanisms of effects 2
Cognitive impairment, quality of life, mental 
health and well-being

7

Cardiovascular and metabolic 
diseases

3 Adverse birth outcomes 8

Sleep disturbance 4 Environmental noise interventions 9

Hearing impairment/tinnitus 5 Methodology and guideline development 10

Name Position and affiliation
Area of expertise sought for guideline development 

(see reference numbers above)

1 2 3 4 5 6 7 8 9 10

Kerstin 
Persson 
Waye

Professor
Occupational and Environmental 
Medicine
The Sahlgrenska Academy 
University of Gothenburg 
Sweden

X X X

Anna Preis Professor
Institute of Acoustics 
Adam Michiewicz University 
Poland

X X

Stephen 
Stansfeld 
(Chair)

Professor/Head of the Centre for 
Psychiatry
Barts and Queen Mary University of 
London
United Kingdom

X

Martin van 
den Berg

Senior Noise Expert
Ministry of Infrastructure and 
Environment
Netherlands

X

GRADE methodologist

Jos Verbeek

Senior Researcher
Finnish Institute of Occupational 
Health
Finland

X

Table A1.2. contd
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Table A1.3. Systematic Review Team

Systematic review 
topics

Experts involved Affiliation

Cardiovascular and 
metabolic diseases

Elise van Kempen National Institute of Public Health and the Environment (RIVM), 
Netherlands

Göran Pershagen Institute of Environmental Medicine, Karolinska Institute, Sweden

Maribel Casas 
Sanahuja

Institute for Global Health (ISGlobal), Spain

Maria Foraster Barcelona Institute for Global Health (ISGlobal), Spain and 
Swiss Tropical and Public Health Institute, Switzerland

Sleep disturbance Mathias Basner Department of Psychiatry, Perelman School of Medicine at the 
University of Pennsylvania, United States of America

Sarah McGuire Department of Psychiatry, Perelman School of Medicine at the 
University of Pennsylvania, United States of America

Hearing impairment and 
tinnitus

Mariola Sliwinska-
Kowalska 

Nofer Institute of Occupational Medicine, Poland

Kamil Rafal 
Zaborowski 

Nofer Institute of Occupational Medicine, Poland

Annoyance Rainer Guski Department of Psychology, Ruhr-University, Germany

Dirk Schreckenberg ZEUS GmbH, Centre for Applied Psychology, Environmental and 
Social Research, Germany

Rudolf Schuemer Consultant for ZEUS GmbH, Centre for Applied Psychology, 
Environmental and Social Research, Germany

Cognitive impairment, 
mental health and well-
being

Charlotte Clark Ove Arup & Partners, United Kingdom

Katarina Paunovic Institute of Hygiene and Medical Ecology, Faculty of Medicine, 
University of Belgrade, Serbia

Adverse birth outcomes Mark Nieuwenhuijsen Institute for Global Health (ISGlobal), Spain

Gordana Ristovska Institute of Public Health of Republic of Macedonia, the former 
Yugoslav Republic of Macedonia 

Payam Dadvand Institute for Global Health (ISGlobal), Spain

Interventions Lex Brown Griffith School of Environment/Urban Research Program, Griffith 
University, Australia

Irene Van Kamp National Institute of Public Health and the Environment (RIVM), 
Netherlands
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Table A1.4. External Review Group 

Area of expertise Reference Area of expertise Reference

Cardiovascular and metabolic diseases 1 Cognitive impairment, mental health and 
well-being 5

Sleep disturbance 2 Adverse birth outcomes 6

Hearing impairment/ Tinnitus 3 Environmental noise interventions 7

Annoyance 4 Recommendations and implementation 
guidance 8

Name Affiliation
Area of expertise sought for guideline 

development  (see reference numbers above)

1 2 3 4 5 6 7 8
Gunn Marit 
Aasvang

Norwegian Institute of Public Health, Norway X

Bernard Berry Berry Environmental Limited, United Kingdom X

Dick 
Botteldooren

Department of Information Technology, Ghent 
University, Belgium X

Stephen Conaty South Western Sydney Local Health District, 
Australia X

Ulrike Gehring Institute for Risk Assessment Sciences, 
Utrecht University, Netherlands X

Truls Gjestland SINTEF, Department of Acoustics, Norway X

Mireille Guay Healthy Environments and Consumer Safety 
Branch, Health Canada/Government of 
Canada, Canada

X X

Ayse Güven Audiology Department, Faculty of Heath 
Sciences, Baskent University, Turkey X

Anna Hansell Centre for Environmental Health & 
Sustainability, George Davies Centre, 
University of Leicester, United Kingdom

X X

Stylianos 
Kephalopoulos

European Commission, DG Joint Research 
Centre, Italy X X

Yvonne de 
Kluizenaar

The Netherlands Organization for applied 
scientific research (TNO), Netherlands X

David S. 
Michaud

Healthy Environments and Consumer Safety 
Branch, Health Canada/Government of 
Canada, Canada

X X

Arnaud Norena Université Aix-Marseille, Fédération 
de Recherche, Laboratoire Cognitive 
Neuroscience, France

X

Enembe 
Okokon

National Institute for Health and Welfare, 
Finland X

Dieter Schwela Stockholm Environment Institute, University 
of York, United Kingdom X

Daniel Shepherd AUT University, Auckland, New Zealand X

Mette Sörensen Danish Cancer Society Research Centre, 
Denmark X X

Rupert Thornley-
Taylor

Rupert Taylor Ltd, Noise and Vibration 
Consultants X X

David Welch School of Population Health, Faculty of 
Medical and Health Sciences, University of 
Auckland, New Zealand

X X
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Table A1.5. Stakeholders and end users that participated in the stakeholder consultation

Area of expertise/interest Reference Area of expertise Reference
Implementation of recommendations on 
railway noise

1
Implementation of recommendations on 
wind turbine noise

4

Implementation of recommendations on 
aircraft noise

2
Implementation of recommendations on 
leisure noise

5

Implementation of recommendations on 
road traffic noise

3
Implementation of overall 
recommendations

6

Organization Area of expertise specifically sought for 
Guidelines (see reference number above)

1 2 3 4 5 6
Airlines for Europe X

Airports Council International Europe (ACI) X

Anderson Acoustics X

Bundesverband der Deutschen Luftverkehrswirtschaft e.V. X

European Automobile Manufacturers’ Association (ACEA) X

European Aviation Safety Agency X

European Express Association X

European Noise Barrier Federation X

Flughafenverband (ADV) X

International Air Transport Association (IATA) X

International Civil Aviation Organization (ICAO) X

International Union of Railways X

Landesamt fuer Natur, Umwelt und Verbraucherschutz 
Nordrhein-Westfalen

X

Public Health Agency of Sweden X

Stephen Turner Acoustics X X

Union Européenne Contre les Nuisances Aeriennes X

Vie en.ro.se. X

Note: in total 53 organizations and institutions had been approached to participate in the stakeholder consultation.
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Annex 2. Systematic reviews and background documents used in preparation 
of the guidelines

Annex 2 provides a detailed list of all the supplementary documents accompanying the WHO 
environmental noise guidelines for the European Region.22 

Systematic reviews 
•	Basner M, McGuire S (2018). WHO environmental noise guidelines for the European Region: a 

systematic review on environmental noise and effects on sleep. Int J Environ Res Public Health. 
15(3):pii: E519 (http://www.mdpi.com/1660-4601/15/3/519/htm).

•	Brown AL, van Kamp I (2017). WHO environmental noise guidelines for the European Region: a 
systematic review of transport noise interventions and their impacts on health. Int J Environ Res 
Public Health. 14(8). pii: E873 (http://www.mdpi.com/1660-4601/14/8/873/htm).

•	Clark C, Paunovic K (2018). WHO environmental noise guidelines for the European Region: a 
systematic review on environmental noise and cognition. Int J Environ Res Public Health. 15(2). pii: 
E285 (http://www.mdpi.com/1660-4601/15/2/285/htm).

•	Clark C, Paunovic K (in press). WHO Environmental noise guidelines for the European Region: a 
systematic review on environmental noise and quality of life, wellbeing and mental health. Int J 
Environ Res Public Health.

•	Guski R, Schreckenberg D, Schuemer R (2017). WHO environmental noise guidelines for the 
European Region: a systematic review on environmental noise and annoyance. Int J Environ Res 
Public Health. 14(12). pii:1539 (http://www.mdpi.com/1660-4601/14/12/1539/htm).

•	Nieuwenhuijsen MJ, Ristovska G, Dadvand P (2017). WHO environmental noise guidelines for the 
European Region: a systematic review on environmental noise and adverse birth outcomes. Int 
J Environ Res Public Health. 14(10). pii: E1252 (http://www.mdpi.com/1660-4601/14/10/1252/
htm).

•	Śliwińska-Kowalska M, Zaborowski K (2017). WHO environmental noise guidelines for the European 
Region: a systematic review on environmental noise and permanent hearing loss and tinnitus. Int 
J Environ Res Public Health. 14(10). pii: E1139 (http://www.mdpi.com/1660-4601/14/10/1139/
htm). 

•	van Kempen E, Casas M, Pershagen G, Foraster M (2018). WHO environmental noise guidelines 
for the European Region: a systematic review on environmental noise and cardiovascular and 
metabolic effects: a summary. Int J Environ Res Public Health. 15(2). pii: E379 (http://www.mdpi.
com/1660-4601/15/2/379/htm).

22 All references were accessed on 27 June 2018.
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Background documents 
•	Eriksson C, Pershagen G, Nilsson M (2018). Biological mechanisms related to cardiovascular and 

metabolic effects by environmental noise. Copenhagen: WHO Regional Office for Europe (http://
www.euro.who.int/en/health-topics/environment-and-health/noise/publications/2018/biological-
mechanisms-related-to-cardiovascular-and-metabolic-effects-by-environmental-noise). 

•	Héroux ME, Verbeek J (2018a). Results from the search for available systematic reviews and 
meta-analyses on environmental noise. Copenhagen: WHO Regional Office for Europe (http://
www.euro.who.int/en/health-topics/environment-and-health/noise/publications/2018/results-
search-for-available-systematic-reviews-environmental-noise).

•	Héroux ME, Verbeek J (2018b). Methodology for systematic evidence reviews for the WHO 
environmental noise guidelines for the European Region. Copenhagen: WHO Regional 
Office for Europe (http://www.euro.who.int/en/health-topics/environment-and-health/noise/
publications/2018/methodology-systematic-evidence-reviews-who-environmental-guidelines-for-
the-european-region).
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Annex 3. Summary of conflict of interest management

All external contributors to the guidelines, including members of the GDG, Systematic Review Team 
and External Review Group, completed WHO declaration of interest forms in accordance with 
WHO’s policy for experts. Further, at the initial stage of the project WHO technical staff reviewed and 
accepted curricula vitae of the candidates for the GDG. 

At the beginning of the GDG meetings, the participants declared any conflict of interest by submitting 
declaration of interest forms. Updated declarations of interest were also collected from the members 
of the GDG, Systematic Review Team and External Review Group at the final stage of the project. 

The conflict of interest assessment was done according to WHO procedures. If a conflict was 
declared, an initial review was undertaken by the WHO Secretariat to assess its relevance and 
significance. A declared conflict of interest is insignificant or minimal if it is unlikely to affect or to be 
reasonably perceived to affect the expert’s judgment. Insignificant or minimal interests are: unrelated 
or only tangentially related to the subject of the activity or work and its outcome; nominal in amount 
or inconsequential in importance; or expired and unlikely to affect current behaviour. 

The WHO Secretariat reviewed and assessed the declarations. In one case the legal unit was 
consulted for advice; in another the potential conflict was reported in the updated declaration of 
interest at the final stage of the process and assessed unlikely to affect expert’s performance; in a 
further case a member of the GDG was also a co-author of a systematic review owing to the need 
to support systematic review authors with additional expertise, but there was no remuneration for 
this activity.

No member of the GDG or the Systematic Review Team was excluded from his or her role in the 
guideline development process. The declared conflicts of interest of the External Review Group 
members were considered when interpreting comments during the external review process. 
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Annex 4. Detailed overview of the evidence of important health outcomes 

As a first step of the evidence retrieval process, the GDG defined two categories of health outcome 
associated with environmental noise: those considered (i) critical or (ii) important, but not critical for 
decision-making in the guideline development process. 

The GDG relied on the critical health outcomes to inform its decisions on priority health outcomes, 
so only these were used to inform the recommendations. Nevertheless, as the relevance of some of 
important health outcomes was difficult to estimate a priori, systematic reviews were conducted for 
both critical and important health outcomes. 

This annex provides a detailed overview of the evidence of the important health outcomes – namely 
adverse birth outcomes, quality of life, well-being and mental health and metabolic outcomes – for 
each of the noise sources. A comprehensive discussion of all the evidence considered (both critical 
and important) is available in the published systematic reviews (see section 2.3.2 and Annex 2 for 
details). 

1. Road traffic noise

1.1 Adverse birth outcomes

In total, the systematic review found five studies (two with more or less the same population) on road 
traffic noise and birth outcomes and three related studies on total ambient noise, likely to be mostly 
road traffic noise. Too few studies for each of the various measures related to adverse birth outcomes 
were available to undertake a quantitative meta-analysis. There was evidence rated low quality for 
a relationship between road traffic noise and low birth weight (Dadvand et al., 2014; Gehring et al., 
2014; Hjortebjerg et al., 2016; Wu et al., 1996); however, the estimates were imprecise and in some 
cases not statistically significant. Further, there was no clear relation between exposure to road 
traffic noise and pre-term delivery, but there was a positive association between road traffic noise 
and small for gestational age (OR = 1.09; 95% CI: 1.06–1.12 per 6 dB increase). The evidence for 
both measures of adverse birth outcomes comes from the same publications and this evidence was 
rated low quality (Gehring et al., 2014; Hystad et al., 2014).

This evidence was supported by one ecological time-series study published recently looking at 
total ambient noise and various measures related to adverse birth outcomes (Arroyo et al., 2016a; 
2016b; Diaz et al., 2016).

1.2 Quality of life, well-being and mental health

Evidence rated moderate quality was found for an effect of road traffic noise on emotional and 
conduct disorders in childhood (Belojevic et al., 2012; Crombie et al., 2011; Hjortebjerg et al., 
2015; Ristovska et al., 2004; Stansfeld et al., 2005; 2009a; Tiesler et al., 2013) and evidence rated 
moderate quality for an association of road traffic noise with hyperactivity in children (Hjortebjerg et 
al., 2015; Tiesler et al., 2013).
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There was no clear relationship, however, between road traffic noise exposure and self-reported 
quality of life (evidence rated low quality) (Barcelo Perez & Piñeiro, 2008; Brink, 2011; Clark et al., 
2012; Honold et al., 2012; Roswall et al., 2015; Schreckenberg et al., 2010b; Stansfeld et al., 2005;  
2009b; van Kempen et al., 2010); medication intake for depression and anxiety (evidence rated 
very low quality) (Floud et al., 2011; Halonen et al., 2014); depression, anxiety and psychological 
distress (evidence rated very low quality) (Honold et al., 2012; Stansfeld et al., 2009b); and interview 
measures of depression and anxiety (evidence rated very low quality) (Stansfeld et al., 2009b). 

1.3 Metabolic outcomes

1.3.1 Diabetes

For the relationship between road traffic noise and the incidence of diabetes, one cohort study was 
identified, which included 57 053 participants and 2752 cases (Sörensen et al., 2013). The estimate 
of the effect was RR = 1.08 (95% CI: 1.02–1.14) per 10 dB Lden increase in noise across the range 
of 50–70 dB, and therefore the evidence was rated moderate quality.

Furthermore, two cross-sectional studies were identified that looked at the prevalence of diabetes 
(Selander et al., 2009; van Poll et al., 2014). The studies included 11 460 participants and 242 
cases. Both studies reported a harmful effect of noise, and one showed a statistically significant 
association. However, the results were imprecise and with serious risk of bias, so the evidence was 
rated very low quality.

1.3.2 Obesity

With regard to the association between road traffic noise and change in body mass index (BMI) 
and waist circumference, three cross-sectional studies were identified, with 71  431 participants 
(Christensen et al., 2016; Oftedal et al., 2014; 2015; Pyko et al., 2015). For each 10 dB increase 
in road traffic noise, there was a statistically nonsignificant increase in BMI of 0.03 kg/m2 (95% CI: 
−0.10–0.15 kg/m2) and in waist circumference of 0.17 cm (95% CI: −0.06–0.40 cm). There was 
inconsistency in the results between the studies; therefore, for both associations, the evidence was 
rated very low quality (Fig. A4.1 and Fig. A4.2).
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Notes:  The black vertical line corresponds to no effect of noise exposure. The black dots correspond to the estimated 
slope coefficients per 10 dB for each sex in each study, with 95% CIs. The diamond designates summary estimates 
and 95% CIs based on random effects models. The dashed red line corresponds to these summary estimates.

 Heterogeneity between studies: p = 0.000; heterogeneity between genders: p = 0.360; overall (I-squared = 84.4%, 
p = 0.000). Weights are from random effect analysis. 

Fig. A4.1 The association between exposure to road traffic noise (Lden) and BMI in three 
Nordic studies

Studies  

Norway
Women
Men

Sweden
Women
Men

Denmark
Women
Men

kg/m2 per 10 dB Lden (95% Cl)   % Weight

0.01 (-0.11–0.13)   17.65
-0.04 (-0.14–0.06)   18.62

-0.17 (-0.38–0.04)   12.81
-0.19 (-0.42–0.04)   12.12

0.20 (0.12–0.28)   19.50
0.19 (0.11–0.27)   19.29

0.03 (-0.10–0.15)  100.00

-1       -0.5       0       0.5       1        1.5 
kg/m2   per 10 dB Lden
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Notes:  The black vertical line corresponds to no effect of noise exposure. The black dots correspond to the estimated 
slope coefficients per 10 dB for each sex in each study, with 95% CIs. The diamond designates summary estimates 
and 95% CIs based on random effects models. The dashed red line corresponds to these summary estimates.

 Heterogeneity between studies: p = 0.001; heterogeneity between genders: p = 0.842; overall (I-squared = 69.0%, 
p = 0.007). Weights are from random effect analysis. 

2. Railway noise

2.1 Adverse birth outcomes 

No studies were found, and therefore no evidence was available on the association between railway 
noise and adverse birth outcomes.

2.2 Quality of life, well-being and mental health

Evidence rated very low quality was found for a weak effect of railway noise exposure on self-
reported quality of life or health, albeit from a limited number of studies (Roswall et al., 2015; Torre et 
al., 2007). There was evidence rated moderate quality for an effect of railway noise on emotional and 
conduct disorders in childhood (Hjortebjerg et al., 2015), but no clear relationship between railway 
noise and children’s hyperactivity (Hjortebjerg et al., 2015); this evidence was rated moderate quality.

cm per 10 dB Lden

Fig. A4.2  The association between exposure to road traffic noise (Lden) and waist circumference 
in three Nordic studies

Studies  

Norway
Women
Men

Sweden
Women
Men

Denmark
Women
Men

cm per 10 dB Lden (95% Cl)       % Weight

-0.12 (-0.43–0.19) 17.78
-0.18 (-0.47–0.11)     18.51

-0.56 (0.05–1.07)    11.57
-0.12 (-0.47–0.71)          9.75

0.30 (0.08–0.52)        21.28
0.40 (0.18–0.62)        21.10

0.17 (-0.06–0.40)     100.00

-1       -0.5       0       0.5       1        1.5 
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2.3 Metabolic outcomes

2.3.1 Diabetes

One cohort study was identified that looked at the relationship between railway noise and the 
incidence of diabetes (Sörensen et al., 2013). The cohort study of 57 053 participants, including 
2752 cases, found evidence rated moderate quality that there was no considerable effect of railway 
noise on diabetes, with an RR of 0.97 (95% CI: 0.89–1.05) per 10 dB Lden increase in noise. 

Furthermore, one cross-sectional study was identified that looked at the relationship between 
railway noise and the prevalence of diabetes (van Poll et al., 2014), including 9365 participants and 
89 cases. An RR of 0.21 (95% CI: 0.05–0.82) per 10 dB Lden increase in noise was found, but the 
reasons for the beneficial effect were not immediately apparent. The evidence in the study was rated 
very low quality.

2.3.2 Obesity

Regarding the association between railway noise and change in BMI and waist circumference, two 
cross-sectional studies were identified, with 57 531 participants (Christensen et al., 2016; Pyko 
et al., 2015). Christensen and colleagues observed a statistically significant increase of 0.18 kg/
m2 (95% CI: 0.00–0.36 kg/m2) per 10 dB for BMI and 0.62 cm (95% CI: 0.14–1.09 cm) per 10 dB 
for waist circumference in those exposed to railway noise, at levels above 60 dB Lden. Pyko and 
colleagues found a statistically significant increase in waist circumference of 0.92  cm (95% CI: 
0.06–1.78 cm) per 10 dB Lden. The corresponding estimate for BMI was statistically nonsignificant, 
at 0.06 kg/m2 (95% CI: −0.02–0.16 kg/m2). The evidence was rated low/very low quality.

3. Aircraft noise 

3.1 Adverse birth outcomes

Evidence rated very low quality was available for an association between aircraft noise and pre-term 
delivery, low birth weight and congenital anomalies, as evidenced by six studies included in the 
systematic review (Ando & Hattori, 1973; Edmonds et al., 1979; Jones & Tauscher, 1978; Knipschild 
et al., 1981; Matsui et al., 2003; Schell, 1981). The potential for risk of bias in these was high and 
the results tended to be inconsistent.

3.2 Quality of life, well-being and mental health

Evidence rated very low quality was available for an effect of aircraft noise on medication intake for 
depression and anxiety (Floud et al., 2011). There was evidence rated very low quality for an effect 
of aircraft noise exposure on interview measures of depression and anxiety (Hardoy et al., 2005) and 
rated low quality for an association of aircraft noise with hyperactivity in children (Clark et al., 2013; 
Crombie et al., 2011; Stansfeld et al., 2009a).

The evidence showed, however, no substantial effect of aircraft noise on self-reported quality of 
life or health (Clark et al., 2012; Schreckenberg et al., 2010a; 2010b; Stansfeld et al., 2005; van 
Kempen et al., 2010) or on emotional and conduct disorders in childhood (Clark et al., 2012; 2013; 
Crombie et al., 2011; Stansfeld et al., 2005; 2009a). This evidence was rated very low quality.
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3.3 Metabolic outcomes

3.3.1 Diabetes

For the relationship between aircraft noise and incidence of diabetes one cohort study was identified, 
including 5156 participants and 1346 cases (Eriksson et al., 2014). The estimate of the effect was 
imprecise, with an RR of 0.99 (95% CI: 0.47–2.09) per 10 dB Lden increase in noise; the evidence 
was therefore rated very low quality.

Furthermore, one cross-sectional study was identified that looked at the prevalence of diabetes (van 
Poll et al., 2014), including 9365 participants and 89 cases. The RR was 1.01 (95% CI: 0.78–1.31) 
per 10 dB increase in aircraft noise. The evidence was rated very low quality.

3.3.2 Obesity

For the association between aircraft noise and change in BMI and waist circumference, one cohort 
study was identified, with 5156 participants (Eriksson et al., 2014). For each 10 dB increase in 
aircraft noise level, the increase in BMI was 0.14 kg/m2 (95% CI: −0.18–0.45) (evidence rated low 
quality), and the increase in waist circumference was 3.46 cm (95% CI: 2.13–4.77) (evidence rated 
moderate quality). The range of noise levels in the study was 48–65 dB Lden. In the case of BMI, the 
change over the whole range in noise values was not statistically significant and was less than what 
could be considered clinically relevant (3–5% change in BMI); however, for waist circumference, the 
change was equivalent to an increase of 5.8 cm. 

4. Wind turbine noise

4.1 Quality of life, well-being and mental health

Five low-quality systematic reviews of wind turbine noise effects on mental health and well-being 
have been carried out (Ellenbogen et al., 2012; Kurpas et al., 2013; Merlin et al., 2013; Onakpoya 
et al., 2015; Schmidt & Klokker, 2014 ). These reviews differed in their conclusions and delivered 
inconsistent evidence that wind turbine noise exposure is associated with poorer quality of life, well-
being and mental health. Therefore, the evidence for no substantial effect of wind turbine noise on 
quality of life, well-being or mental health was rated very low quality. 

4.2 Metabolic outcomes

4.2.1 Diabetes

For the relationship between wind turbine noise and prevalence of diabetes, three cross-sectional 
studies were identified, with a total of 1830 participants (Bakker et al., 2012; Pedersen, 2011; 
Pedersen & Larsman, 2008; Pedersen & Persson Waye, 2004; 2007; Pedersen et al., 2009; van den 
Berg et al., 2008). The number of cases was not reported. The effect sizes varied across studies, 
and only one study found a positive association between exposure to wind turbine noise and the 
prevalence of diabetes; therefore, no meta-analysis was performed. Due to very serious risk of 
bias and imprecision in the results, this evidence was rated very low quality. As a result, there is no 
clear relationship between audible noise (greater than 20 Hz) from wind turbines or wind farms and 
prevalence of diabetes (Fig. A4.3). 
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Note: The dotted vertical line corresponds to no effect of exposure to wind turbine noise. The black circles correspond to 
the estimated RR per 10 dB (sound pressure level) and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

5. Leisure noise 
Owing to a lack of evidence meeting the critieria for systematic reviewing, no results for any of the 
important health outcomes can be given for exposure to leisure noise.

Fig. A4.3 The association between exposure to wind turbine noise (sound pressure level) and 
self-reported diabetes

Study (N)

SWE–00 (351)

SWE–05 (754)

NL–07 (725)

0.0370     0.1111     0.3333     1.0000     3.0000    9.0000    27.0000 

Estimated RR per 10 dB
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The WHO Regional 
Office for Europe

The World Health Organization (WHO) is a specialized 
agency of the United Nations created in 1948 with 
the primary responsibility for international health 
matters and public health. The WHO Regional Office 
for Europe is one of six regional offices throughout 
the world, each with its own programme geared to 
the particular health conditions of the countries it 
serves.

Member States
Albania
Andorra
Armenia
Austria
Azerbaijan
Belarus
Belgium
Bosnia and Herzegovina
Bulgaria
Croatia
Cyprus
Czechia
Denmark
Estonia
Finland
France
Georgia
Germany
Greece
Hungary
Iceland
Ireland
Israel
Italy
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Luxembourg
Malta
Monaco
Montenegro
Netherlands
Norway
Poland
Portugal
Republic of Moldova
Romania
Russian Federation
San Marino
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Tajikistan
The former Yugoslav 
  Republic of Macedonia
Turkey
Turkmenistan
Ukraine
United Kingdom
Uzbekistan

World Health Organization Regional Office for Europe
UN City, Marmorvej 51, DK-2100 Copenhagen Ø, Denmark

Tel.: +45 45 33 70 00   Fax: +45 45 33 70 01 
E-mail: eurocontact@who.int

Noise is an important public health issue. It has 
negative impacts on human health and well-being 
and is a growing concern. The WHO Regional 
Office for Europe has developed these guidelines, 
based on the growing understanding of these 
health impacts of exposure to environmental noise. 
The main purpose of these guidelines is to provide 
recommendations for protecting human health 
from exposure to environmental noise originating 
from various sources: transportation (road traffic, 
railway and aircraft) noise, wind turbine noise and 
leisure noise. They provide robust public health 
advice underpinned by evidence, which is essential 
to drive policy action that will protect communities 
from the adverse effects of noise. The guidelines 
are published by the WHO Regional Office for 
Europe. In terms of their health implications, the 
recommended exposure levels can be considered 
applicable in other regions and suitable for a global 
audience.
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