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Why are bats protected under the law?

1.3  Due to the decline in bat numbers over the last century, the important part bats
play as indicator species in the environment, and the importance of specific roost
requirements in their life cycle, all species of bat and their roost sites (whether
bats are present at the time or not) are fully protected under international and
domestic legislation. The international protection (the European Commission
(EC) Habitats Directive) has been transposed into national laws by means of the
Conservation of Habitats and Species Regulations 2017 (England and Wales)
as amended by the Conservation of Habitats and Species (Amendment) (EU
Exit) Regulations 2019, the Conservation (Natural Habitats, &c.) Regulations
1994 (as amended) (Scotland) and the Conservation (Natural Habitats, etc)
Regulations (Northern Ireland) 1995 (as amended). Commonly the regulations
are referred to as the Habitats Regulations.

1.4  This makes it illegal to Kill, injure, capture, or cause disturbance that affects
populations of bats, obstruct access to bat roosts, or damage or destroy bat
roosts. Individual bats are protected from ‘intentional’ or ‘reckless’ disturbance
under the Wildlife and Countryside Act 1981 (as amended). Recent monitoring
shows a slow recovery for many bat species, due to conservation efforts and
their legal protection. However, a few ecological traits make them extremely
vulnerable, such as their lifecycle and how difficult it can be to detect their
roosts.

1.5 During the winter there are
relatively few insects available,
so bats hibernate. They seek out [
appropriate sheltered roosts, let &
their body temperature drop to
close to that of their surroundings &
and slow their heart rate to only %
a few beats per minute. This
greatly reduces their energy _
requirements so that their food & % e
reserves last as long as possible. ; 5
If fat reserves are lost when a ?%i”l’ﬁi S
hibernating bat is disturbed, Photo 1: Natterer’s bat.
these cannot easily be replaced, Image credit: Ross Baker.
this may jeopardise successful attempts to become pregnant and give birth to
live young in the following spring.

1.6  Duringthe spring and summer period, female bats gather together into maternity
colonies for a few weeks to give birth and rear their young (called pups). Usually
only one pup is born each year. Bats may congregate from a large area to form
these maternity roosts in warm and dry environments, so impacts at the summer
breeding site can affect the whole colony of bats from a wide surrounding area.
Both winter and summer roosts have specific conditions that bats require at
those times of the year, and that is why bats are so faithful to their roosts. They
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are also an unusually long-lived mammal with a slow reproductive rate for their
size, meaning that they return year after year to roosts. If roosts are damaged
or disturbed it takes a very long time for a population to recover. Their lifecycles
make bats extremely ecologically vulnerable.

1.7 Key message: bat population recovery and status are important, not just
because of their intrinsic value as unique mammals and their ecological
vulnerability, but also because bats are bio-indicator species. This means a
healthy bat population in an area indicates a properly functioning ecosystem
for the species within it, which includes humans. Healthy ecosystems provide
and regulate our environment and are critical in supporting our economy, as
well as meeting our wider societal needs.' Coupled with the historical losses of
bat numbers, this is why all of our bats are fully protected under the law.

Why can Artificial Light At Night (ALAN) be such a problem for bats?

1.8 Bats in the UK are nocturnal mammals with highly sophisticated echolocation
systems that allow them to avoid obstacles, socialise and catch insect prey
in complete darkness. When flying, bats produce a stream of high-pitched
calls (above the range of human hearing) and listen to the echoes, to produce
an acoustic picture of their surroundings, commonly called “echolocation”.
Echolocation has allowed bats to avoid competition from daytime insectivorous
birds such as house martins, swifts and swallows. Fossil records have shown
bats evolved echolocation over 50 million years ago' so have adapted to a world
without light since that time.

1.9 It is estimated that by 2016 more than 80% of the world human population and
more than 99% of the United States of America and European population lived
under light-polluted skies. Worldwide this is an increase of more than 14%°"
since 2001.vvvi

1.10 For bats, artificial lighting is thought to increase the chances of predation by
avian predators, such as owls and hawks; in lit areas bats modify their behaviour,
potentially in response to this threat."" Many avian predators will hunt bats,
which may be one reason why bats avoid flying in the day; V" species such as
peregrine falcons have been recorded hunting bats in lit environments.

How are bats impacted:

At roosting sites?

1.11 TIlluminating a bat roost can cause disturbance* and this may result in the bats
deserting the roost, or even becoming entombed within it.x Lighting would
therefore be considered an obstruction under the legislation protecting bats
and their roosts. Light falling on a roost access point will at least delay bats
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from emerging, and this shortens the amount of time available to them for
foraging.*" As the main peak of nocturnal insect abundance occurs at and soon
after dusk, a delay in emergence means this vital time for feeding is missed.
This has been shown to have direct impacts on bats’ reproductive ecology, such
as a study showing slower growth rates and starvation of young. " In addition,
the associated flightpath to and from the access point is just as valuable, and
vulnerable, as the roost itself. Severing a key flightpath some distance from the
roost could cause desertion in its own right, and this loss of a roosting site could
constitute an offence under the legislation.

When foraging?

1.12 In addition to causing disturbance to bats at the roost, artificial lighting can
also affect the feeding behaviour of bats. Many night-flying species of insect
that bats hunt are attracted to light,*" especially those light sources that emit
an ultraviolet component (Light Emitting Diodes (LEDs) have removed this) or
have a high blue spectral content (this can include LEDSs).

1.13 The slower-flying, broad winged species have been shown to avoid commuting
and foraging routes illuminated with a variety of different street luminairesxvxvixvi
such as:

e |long-eared

e Myotis species (which include Brandt’s, whiskered, Daubenton’s, Natterer’s
and Bechstein’s)

e barbastelle

e greater and lesser horseshoe

1.14 Consequently, these bat species are put at a competitive disadvantage and are
less able to forage successfully and efficiently. This may have an impact upon
fitness and breeding success. It is noticeable that most of Britain’s rarest bats
are among those species recorded as avoiding ALAN, so ALAN has potentially
devastating conservation consequences for these species. Vi

1.15 For a number of years studies have recorded that faster-flying species can
congregate around white light sources, species such as:
e noctule
e Leisler’s
e serotine
e pipistrelle
1.16 This is particularly true for lights sources with ultra-violet spectrum light, with
the bats subsequently feeding on the insects attracted to the light.xxx>xi Thijs
is a problem especially if it is a single light source in a dark area, as it creates

a ‘vacuum effect’, denuding the surrounding area of invertebrate prey.*" As
well as moths,* a range of other insects can be attracted to light, such as
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craneflies, midges and lacewings. " While this might seem to give these faster-
flying species a competitive advantage, the bats are risking predation, but have
little choice if insects are attracted to a light source. This only takes into account
the benefits to these species from a foraging perspective when considering their
roosting and commuting behaviours, the cumulative impacts from ALAN are
likely to be negative to their Favourable Conservation Status (FCS).>

1.17 Dense tree cover has been shown to dampen the negative effect of street
luminaires without UV (in this case LEDs) for open-space foraging faster-
flying bats such as noctules, Leisler’'s and serotines. Yet dense tree cover did
not mitigate the negative impacts of light sources with UV (in this case metal
halides and mercury vapour lamps) or without UV on clutter-adapted slower-
flying Myotis species.

1.18 Key message: it is important to minimise ALAN close to vegetation, particularly
for slower-flying species, and the need to increase dense vegetation in urban
landscape to provide, not just roosting opportunities, but also protection against
ALAN for open-space foraging bats in city landscapes.*V

1.19 The effects of artificial lighting on drinking resources for bats has also been
recorded to have a negative impact. White light has been shown to stop slower-
flying species drinking at cattle troughs, and even for faster-flying species
drinking behaviour was reduced. >V

When commuting through the landscape?

1.20 Key message: when considering how bats move through the landscape, ALAN
has been shown to be particularly harmful along river corridors, near woodland
edges and hedgerows.

1.21 Continuous lighting
in the landscape,such
as along roads or
waterways, creates
barriers*vii which many
bat species cannot |}
cross, especially slower-
flying species,*™* even
at very low light levels.
lesser horseshoe bats
have been shown to !
move their flight paths
which link their roosts
and foraging grounds to avoid artificial light installed on their usual commuting
routes. Significant effects have been recorded from as low as 3.6 lux.x
Furthermore, the average light level on hedgerows most regularly used by this
species has been recorded at 0.45 lux.x"

Photo 2: common pipistrelle bat flying.
Image credit: Hugh Clark.

Institution of Lighting Professionals 9



Guidance Note 08/23: Bats and Artificial Lighting At Night

1.22 Another slow flying species group (Myotis) exhibited avoidance behaviour from
luminaires while commuting through an urban landscape, showing negative
impacts through avoidance behaviour below 1 lux, and up to 25m from the
light source. A positive effect was observed for two faster-flying species groups
(Pipistrellus and Nyctalus), where bat activity increased, indicating attraction
to the light source for foraging, at 10m range from the luminaire, however this
activity was only observed between 1 and 5 lux. >

1.23 Key message: the very low light levels and distances from light sources shown
in these studies indicates the considerable sensitivity of many of the UK'’s light
averse species, emphasising the need to maintain or reduce existing light levels
in the environment.

1.24 Even bat species that have been shown to opportunistically forage in lit
conditions (see above) are also impacted by ALAN when commuting through
the landscape. In our cities, for example, common pipistrelles, the UK’s most
numerous species, have been recorded avoiding gaps that are well lit, thereby
creating a barrier effect.

1.25 Fast-flying noctule bats being radio-tracked in an urban setting were only
recorded around artificial lighting by water, where insects are likely to gather
and provide a food source. Illuminated roads were avoided in favour of dark
corridors that were used for commuting.> This has significant implications
when we think about how fragmented the vegetation often is in the urban
environment, and the lack of dark green corridors.

1.26 Lack of dark blue corridors (rivers and canals without light on them) has also
been shown to be an issue for commuting fast-flying bat species, with one
study finding that bat activity for Pipistrelle spp. was 1.7 times lower in lit urban
bridge sites. Bats tended to keep a greater distance from, and to fly faster close
to, illuminated bridges. i

1.27 An experiment testing the impacts of Part Night Lighting on Riparian bat
species™ showed that overall activity under full-night treatments was
significantly lower in comparison to both unlit and PNL treatments. This suggests
PNL limits negative impacts of ALAN. However, a 50% reduction in relative
feeding activity by Myotis bats in the 4 hour PNL treatment, (but not the 2 hr
PNL treatment), suggests an interaction exists between timing and the duration
of lighting treatments, and the peak activity windows of these light adverse and
late emerging Myotis bats. This highlights the need to consider carefully how,
when and for how long each night we should light our waterways for leisure and
safe access, see Case Study 1.

1.28 An experiment testing the effects of dimming street luminaires** revealed
that Myotis bats showed no significant difference in activity levels between
unlit treatments and light sources dimmed between 0 - 25%. Once luminaire
intensity exceeded 11.35 lux, Myotis passes were significantly reduced.
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1.29 Key message: These studies show that even species known to display some
light opportunistic behaviours can be detrimentally impacted by ALAN, and that
it is a complicated picture requiring knowledge gathered at a site level to make
accurate predictions of impacts. This is a particular issue in recent years with
moves to save energy by using PNL schemes, or switching from low pressure
sodium to LED Light sources. This is because it can lead to an increase in
light intensity, so in an attempt to tackle climate change this may impact bat
conservation, especially where there are light averse species present**V and/
or at high light intensities. xxvi

What difference does the spectrum of the light make?

1.30 While the harmful impact caused by blue-rich light has been recorded for a
number of years, recent studies have revealed that at the other end of the colour
spectrum there may be a chance to reduce or even avoid many impacts to some
bat species. Acoustic research into the impacts of white, green and red light
treatments in the Netherlands recorded slower-flying, long-eared and Myotis
species avoided white and green spectrum light sources, however faster-flying
pipistrellus species were significantly more abundant feeding at these lights.
However, both groups were equally abundant in the red light areas, compared
to the dark control.»>xviixxix Referred to here as ‘red light’, light sources in the
red spectrum mainly consist of long wavelength light above 600nm with an RA
value of 60 so as to allow good colour recognition, in this document ‘red’ light
sources are referred to as ‘red spectrum’ light sources.

1.31 A study in France looked at how fast and slow flying foraging bats changed their
flight behaviours in response to white and red streetlights placed in the forest
edge, using an emerging scientific method for bat surveying, 3D mapping.
This study showed that all bats strongly change flight patterns, increasing
the probability of the bats flying in the forest.¥ The study showed avoidance
behaviour that acoustic studies alone could potentially miss. It is important
therefore to try and understand what the different spectrum of light could mean
for reducing impacts on UK species.

1.32 A recent study in Scotland looking at foraging activity by slower-flying
Daubenton’s bats recorded that activity was significantly reduced in white and
amber lighting, compared to the dark control, but not in red lighting.

1.33 Another study, in the UK, where one side of a hedgerow was illuminated over
four nights using lights with different spectra, recorded slow-flying Myotis spp.
avoided orange, white and green light. Faster-flying pipistrellus spp. were
significantly more abundant at these light types, compared to dark controls,
most probably in response to accumulations of insect prey. No effect of any light
type was found for fast flying Nyctalus or Eptesicus spp. However, for one of
the UK’s rarest and most light shy species, the lesser horseshoe bat, this study
showed that even red light resulted in avoidance behaviour, with bats flying on
to the darker side of a vegetated flightline. ¥
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1.34 Reaction has also been recorded in a laboratory setting; in a cave entrance
experiment, all light colours reduced the activity of all emerging species, with
light sources in the red spectrum having the least negative effect overall.
However, horseshoe bat species were impacted most strongly, matching their
refusal to fly at all under any light treatment in the flight room. i

Photo 3: 'red spectrum’ street luminaires deployed in Worcestershire.
Image credit: Worcestershire County Council.

1.35 The picture for the impacts of red light on faster-flying species might also
be more complex than it appears; when analysing avoidance behaviour to
the species level, rather than genus, pipistrellus species (frequently grouped
together when discussing impacts) have been shown to exhibit different
levels of impact. A study in Southampton looking at the viability of replacing
white spectrum luminaires in an urban park with red spectrum luminaires,
to reduce ALAN impacts on bats and people, recorded reduced levels of
avoidance behaviour for all bat species present except where there were high
activity levels of soprano pipistrelle. However, when the common and soprano
pipistrelle behaviour was analysed together, it appeared that pipistrelle species
were unaffected as common pipistrelles dominated the dataset. This study
is being expanded to collect further data and help understand these initial
results in a wider context.

1.36 Key message: This work emphasises the importance of always completing

analysis of bat survey data past guild level to species level to truly understand
how species are impacted at a particular site.
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1.37 Green light has been shown to not only impact upon foraging bats (see above),
but also bats migrating through Europe. Nathusius’ and soprano pipistrelles
have been shown to be attracted to green light from a distance further than
their echolocation calls reach, indicating that they are attracted to the light
rather than insects.XVv This demonstrates positive light attraction for this
species, meaning limiting UV is only part of the solution and indicates impacts
from artificial light at night that aren’t yet fully understood for migrating bats.
This is especially true given that the most recent studies in this area suggest
that red light also causes positive light responses over and above warm-white
light for both of these bat species, when they are migrating.*"

1.38 These studies show that ALAN across the visible spectrum can adversely
impact bat species, with some particularly sensitive species, such as horseshoe
bats, often displaying light averse behaviour. Some studies indicate that
monochromatic red lighting can, in certain contexts, have reduced adverse
impacts on a number of bat species.

1.39 Key message: this research highlights the importance of integrating
avoidance measures (as per the first step of the mitigation hierarchy see
Figure 2) into developmental design, by retaining ecologically functional ‘dark
corridors’ within schemes wherever feasible, and in preference to seeking
lighting mitigation strategies.
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Table 1: Summary of the effect of ALAN on UK bat species.

Species Roost Flight Foraging | Drinking | Migration | Landscape | Habitat Type
Corridor | Area Site Level

Greater Horseshoe clutter

Rhinolophus ferrumequinum

Lesser Horseshoe clutter

Rhinolophus hipposideros

clutter

Brown Long-eared
Plecotus auritus

Grey Long-eared na na na na na na clutter

Plecotus austriacus

Bechstein’s clutter
Myotis bechsteinii

Natterer’s clutter
Myotis nattereri

Daubenton’s edge
Myotis daubentonii

Whiskered na na na na na na edge
Myotis mystacinus

Brandt’s na na na na na na edge
Myotis brandtii

Alcathoe na na na na na na edge
Myotis brandtii alcathoe

Western Barbastelle
Barbastella barbastellus

Common Pipistrelle
Pipistrellus pipistrellus

Soprano Pipistrelle
Pipistrellus pygmaeus

Nathusius’ Pipistrelle
Pipistrellus nathusii

Common Noctule
Nyctalus noctula

Lesser Noctule
Nyctalus leisleri

Serotine
Eptesicus serotinus

Positive effect
Data in table is indicative only, is drawn predominantly

No effect from European studies (where data available) and shows
Negative effect numerous data gaps due to lack of research data, therefore
. bat behaviour within the UK may vary and needs assessing
| na | No data available on a site by site basis.
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2. Powers to install street lighting

2.1 In United Kingdom and Ireland, the provision of street lighting is a power
not a duty, and once installed it must be maintained. It is primarily installed
for perceived safety of the person, property and to stimulate the night-time
economy. Though it is a power, once installed the asset owner has a duty of
care to ensure it is safe for use and fit for purpose. The two functions are not
the same:

e Safe for Use requires an asset to be managed in such a way that it does
not pose an unacceptable risk to public safety

e Fit for Purpose requires an asset to be managed in such a way that it
remains available for use by those permitted for the route

2.2 Local councils or central government agencies, or departments are responsible
for the specification and design of street lighting in their administrative area.
On new developments, prospective public highways (including lighting) are built
under an agreement with the highway authority to ensure that it will comply
with their requirements. The road remains in the ownership of the developer
until works are completed. On completion of the road, it is offered to the
highway for adoption. The highway authority carries out inspections to ensure
compliance with their specification. If the road is compliant, it is ‘adopted’,
where ownership passes to the highway authority, and they will maintain it as
part of their network.

2.3 Responsibility for the management of roads and the highway authority role will
vary depending on which part of United Kingdom or Ireland it is located. Even
when lighting is not adopted, there is still a duty to maintain it.

Street lighting powers in England

2.4  The strategic road network, comprising motorways and trunk roads (the most
significant 'A’ roads) are administered by National Highways (formerly Highways
England), a government-owned agency. All other public roads are maintained
by local authorities, usually a city, metropolitan council, London borough or
county council. In London, the area within the M25 motorway, the motorways
are administered by National Highways and the main road network by Transport
for London (TfL). National Highways, the Highway Authorities and TfL, in
discharging their powers also assume the power for the provision of street
lighting conferred in the Highways Act 1980. In addition, District and Parish
Councils can assume the power to light roads and public places (not necessarily
highways), conferred in Parish Councils Act and Section 7 of Highways Act.
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Street lighting powers in Scotland

2.5 The major road network, comprising motorways and most important ‘A’ roads
are managed by Transport Scotland, a government-owned agency. Almost
all other public roads and the lighting on them are maintained by 32 local
authorities. The powers for the provision of street lighting is conferred in the
Roads (Scotland) Act.

Street lighting powers in Wales

2.6  Trunk roads and motorways and their lighting is managed by Welsh Government
through either the North & Mid Wales Trunk Road Agency, or South Wales Trunk
Road Agency. All other roads and the lighting on them are managed by one of
the 22 county, city and county, or county borough councils.

Street lighting powers in Ireland

2.7 In the Irish republic, National Roads Network, prefixed M (motorway)
or N (national road), is managed by a central government body, Transport
Infrastructure Ireland. Other roads and the lighting on them are managed by
the 31 county, city or city and county councils.

2.8 In Northern Ireland, the Northern Ireland Assembly has responsibility for all
roads and lighting through their Department of Infrastructure.

The Appendix contains light and lighting terms for reference.
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3. Regulation and control of street lighting

3.1 Influencing practitioners’ good design principles is a seemingly ever-changing
landscape of local and national policy, evolving technology and scientific
knowledge. Consequently, both lighting engineers and ecologists must maintain
an up to date understanding, and ensure lighting designs respond to these drivers
appropriately. Here we summarise some of the principal drivers operating in the
English planning system, however practitioners should be aware of the scope
of requirements posed by both devolved authorities and individual planning
authorities.

3.2 In its 25 Year Environment Plan (01/2018), the UK Government made a
commitment to effectively manage light pollution. A fundamental principal
to control light pollution, familiar to many practitioners, is application of the
‘mitigation hierarchy’ This is operated through England’s National Planning
Policy Framework (NPPFE July 2021, Para 180(a)) as: "if significant harm to
biodiversity resulting from a development cannot be avoided (through locating
on an alternative site with less harmful impacts), adequately mitigated, or, as
a last resort, compensated for, then planning permission should be refused”.
Subsequently, the NPPF sets out how effects of lighting should be considered in
the planning system. Paragraph 180.c directs that policies and decisions must
ensure new developments are appropriate for their location by considering,
and limiting, the likely effects, including cumulative effects, of artificial light
pollution on the natural environment. The NPPF draws particular attention to
potential for light pollution to cause impacts on ‘intrinsically dark landscapes’
and on ‘nature conservation’.

3.3 National Planning Policy Guidance (NPPG) provides further detail by
encouraging good design to consider whether lighting is needed at all, and
to ensure that the right light is used in the right place at the right time. This
stepwise application of the mitigation hierarchy should therefore drive a design
challenge to determine whether there is a justifiable requirement to light. As
well as minimising energy use and carbon emissions, NPPG highlights that good
design is preferable to potentially incurring costly and difficult retrofits. The
NPPG describes how local authorities and applicants should consider whether a
development has potential to cause an impact on protected sites, species, or on
ecosystems. Paragraphs 5 and 6 (01/11/2019) of the NPPG highlights that the
position, duration, type of light source, spectra (particularly blue or ultra-violet
content) and level of lighting which might all be considerations when assessing
potential for light pollution to cause an impact on wildlife. Aligned with the
mitigation hierarchy, NPPG encourages avoidance measures (Para 4, 01/11/19)
such as PNL, dimming or switching-off at sensitive times to avoid impacts on
sensitive ecological receptors (e.g. protected sites, species or ecosystems) and
it also highlights the importance of considering the polarising and reflectance
values of materials, and the need to avoid the effects of glare. “In Particular”the
NPPG notes “lighting schemes for developments in protected areas of dark sky or
intrinsically dark landscapes need to be carefully assessed as to their necessity
and degree”. Case study 5 demonstrates a ‘no light approach’.
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3.4  Public authorities have a requirement to comply with the statutory Biodiversity
Duty (S.40 of the NERC Act, 2006), this duty was recently strengthened
through the Environment Act (2021). in May 2023 UK Government guidance on
the newly strengthened Biodiversity Duty highlighted a requirement for public
authorities to review policies and processes to ensure impacts to biodiversity
are minimised and gains for wildlife secured where possible. As part of this
duty, Government guidance highlights that artificial lighting should be designed
to minimise effects on nature. Additionally, many Local Planning Authorities
will also have relevant biodiversity policies within their Local Development
Plans which might address impacts of pollution, including light pollution, on
wildlife, and may have also produced Supplementary Planning Documents
addressing ecological or biodiversity matters. These may provide further direction
on assessment and control of light pollution on wildlife. A number of National
Parks, Areas of Outstanding Natural Beauty and Dark Sky Reserves have also
published technical guidance, and this often provides helpful direction on
assessment and control of lighting impacts on the natural environment.

3.5 Getting the right information at the right stage of the planning process is critical.
Government Circular 05/2006 (ODPM 2005) states that “It is essential that
the presence or otherwise of protected species, and the extent that they may
be affected by the proposed development, is established before the planning
permission is granted, otherwise all relevant material considerations may not
have been addressed in making the decision”.

36 Taking an appropriately proportional approach to assessing lighting impacts on
wildlife is important, and British Standard BS 42020:2013 Clause 5.5 states
that “The work involved in preparing and implementing all ecological surveys,
impact assessments and measures for avoidance, mitigation, compensation
and enhancement should be proportionate to the predicted degree of risk to
biodiversity and to the nature and scale of the proposed development”. Ecological
reports which assess effects of lighting on wildlife, and which propose any
avoidance, mitigation or compensation measures required, must be prepared by
a professionally competent ecologist (Clause 4.3) and provide sufficient detail
and clarity to enable both applicant and decision-maker to establish whether
the proposals and recommendations are practicable, deliverable and acceptable
(Clause 6.6.1). Case study 8 demonstrates a multiple disciplinary approach to
agreeing a complicated lighting mitigation strategy.

3.7 Once the extent of any effect on a protected species is understood, BS
42020:2013 offers the following model condition for planning authorities to
secure an appropriate lighting design (D.3.5):

“Prior to occupation, a ‘lighting design strategy for biodiversity’ for [... specify
buildings, features or areas to be lit ... ] shall be submitted to and approved in
writing by the local planning authority. The strategy shall:

a) identify those areas/features on site that are particularly sensitive for
[... insert species...] and that are likely to cause disturbance in or around
their breeding sites and resting places or along important routes used to
access key areas of their territory, for example, for foraging,; and
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b) show how and where external lighting will be installed (through the
provision of appropriate lighting contour plans and technical specifications)
so that it can be clearly demonstrated that areas to be lit will not disturb
or prevent the above species using their territory or having access to
their breeding sites and resting places.

All external lighting shall be installed in accordance with the specifications
and locations set out in the strategy, and these shall be maintained thereafter
in accordance with the strategy. Under no circumstances should any other
external lighting be installed without prior consent from the local planning
authority.”

3.8 A full understanding of the appropriate technologies to be used, and how
this marries with the scientific data collected on site, is needed to inform any
decisions and should be discussed and agreed with the suitably experienced
experts on the project team. In terms of suitably experienced experts, item
‘a)’ above should be prepared by an ecological consultant and ‘b)’ a lighting
engineer. In addition, depending on the potential impacts and receptors on a
site, internal light spill may also require assessment lead by expert advice.

3.9 Key message: The mitigation hierarchy (see Figure 2) applies to lighting
design: impacts to biodiversity should be avoided in the first instance through
design and where this has been clearly demonstrated not to be possible,
appropriate mitigation needs to be put in place. Compensation is the least
desirable option, so all other avenues should first be explored and ruled out.
In parallel, opportunities to design lighting betterment for biodiversity should
be sought wherever possible. Subsequently, planning authorities should seek
sufficient information to provide confidence that the mitigation hierarchy has
been appropriately applied.

AVOIDANCE

Common, preferable Alternative development site or retention of
roost / foraging / commuting feature or timing of works

MITIGATION
Actions during the development or
works process to minimise impacts
to the roost, foraging or
commuting habitat

COMPENSATION
' ast resor

Rare, undesirable

Figure 2. Mitigation hierarchy emphasising the importance of considering avoidance in
the first instance (credit Bat Conservation Trust).
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What do developers need to do to ensure bats and the laws
protecting them are fully considered?

3.10 All of the research outlined above demonstrates the complexity of this topic;
in terms of the impact type, species responses and where light is placed in the
landscape, understanding which bat species are present, and how they are
using a site, is essential.

3.11 Natural England, Natural Resources Wales, Scottish Natural Heritage or
Northern Ireland Environment Agency will need to see that any impacts
have been fully assessed, and appropriate mitigation considered within any
mitigation licence applications in relation to bats. Similarly, these bodies will be
statutory consultees in planning applications where impacts on Special Areas
of Conservation (SACs) and Sites of Special Scientific Importance (SSSI),
including those designated for bat conservation, are considered possible.
Local authorities also have a duty to ensure impacts upon legally protected
species are avoided, and impacts upon bats are a material consideration in
any planning permission. Furthermore, local authorities typically have specific
planning policies ensuring that impacts upon wildlife, including bats, are
avoided within development.

3.12 Whether species present on a site are ‘light opportunistic’ (faster-flying) or
‘light averse’ (slower-flying), new lighting on any site, whether dark or currently
illuminated to some extent, could potentially cause detrimental impacts on
an individual, population and ecosystem level. Ecological and lighting design
advice should be sought right at the start of a project whenever lighting is
being considered, in advance of any lighting design or fixing of scheme layout.
It is recommended this forms part of strategic planning decisions, as it could
determine if a planning application is unviable if the site can’t be illuminated
to British Standard requirements.

3.13 Key message: There are no lux level thresholds available for individual
species to negate the need for site specific advice. Every site is different and
interactions between species at lit sites has even been shown to give site and
species specific responses. Vi xVi The key in the first instance is to maintain or
reduce existing light levels, and reduce blue content to protect the bat species
present; this is in line with the mitigation hierarchy where impacts are avoided
in the first instance by being planned out, saving both time and costs. A scheme
may then look at ecological betterment (‘enhancement’) through a sensitive
lighting design. This is discussed in detail in the ‘Mitigation’ chapter. Ideally
light levels should always be designed to minimise potential environmental
impacts*Vit and to maximise the potential of habitat and species enhancement
work, through multidisciplinary working and evidence-based new, or retrofit,
scheme design.
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1: Could bats be present on site?

2 Determine the presence of - or potential
for — bat roosting, commuting or foraging
habitat on your site.

3: Avoid any lighting on Key Habitats.

. On Supporting Habitat, apply
mitigation methods and sensitive design
to reduce lighting to a minimum.

»: Demonstrate compliance of proposals
with lighting limits, buffers and
other mitigation.
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Figure 3. Ecology process for lighting.
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4.12 The evaluation will enable the ecologist to determine the presence of any Key
Habitats or Supporting Habitats for bats. The whereabouts of these habitats
should be set out on a plan of the site or as an Ecological Constraints and
Opportunities Plan (ECOP), see Case Study 3. The bat habitat plan/ECOP and
report can then be used to help guide the design of the lighting strategy (see
next steps) as well as the wider project.

4.13 Key Habitats are those which are considered essential for the function and
stability of local bat populations, while Supporting Habitats may be of lesser
significance or usage. Habitats falling within neither category are considered to
be of negligible or very low importance to bats.

4.14 Examples of Key Habitats include:

e Roosting and swarming sites for all species and their associated flightpaths
and commuting habitat

e Foraging or commuting habitat for highly light-averse species (greater
and lesser horseshoe bats, some Myotis bats, barbastelle bats and all
long-eared bats) or nationally/locally rare species

e Foraging or commuting habitat supporting relatively large numbers of
bats or high activity rates as assessed through survey

e Any habitat otherwise assessed by the ecologist as being of elevated
importance in maintaining the ‘favourable conservation status’ of the bat
population using it

Step 3: Avoid lighting on any Key Habitats

4,15 An adverse impact from illumination onto a Key Habitat feature is likely to
have a significant effect on the bats using it. Therefore, an absence of artificial
illumination and glare acting upon both the feature and an appropriately sized
buffer zone is most often the only acceptable solution. An ecologist will be best
placed to set the size of such a buffer zone according to the species present and
the level of usage, and these can be tens of metres if unattenuated light spill or
glare from local sources is predicted. The input of a lighting professional should
be sought when determining the distances of light spill from new sources and
likelihood of glare. It is recommended that proposals are communicated by them
to the Principal Designer and the Highways Designer; (if applicable) as in some
circumstances these decisions may influence highway function (e.g. visibility
departures). Further information on demonstrating an absence of illumination
within proposals via lux/illuminance contour plans is provided in Step 5.

4.16 As detailed in Section 2.1, there is no legal duty requiring any place to be lit.
British Standards and other policy documents allow for deviation from their
own guidance where there are significant ecological/environmental reasons
for doing so. It is acknowledged that in certain situations lighting is critical
in maintaining safety, such as some industrial sites with 24hr operation, or
in high-risk security situations. Nevertheless, these are not exempt from
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the statutory protection afforded to bats, their roosts and commuting routes
directly associated with roosts, and good design principles recommended
under industrial documents such as the Institution of Lighting Professionals’
GNO1: The Reduction of Obtrusive Light remain best practice. However, in the
public realm, while lighting can increase the perception of safety and security,
measurable, objective benefits on safety and security are less well established.
Consequently, lighting design should be holistic, taking into consideration the
relevant British Standards or local policies concerning lighting but, through a
risk assessment-style process, be able to fully take into account the presence
of protected species and the likely adoption of mitigation approaches through
proper engagement with local communities (see Case Study 4).

4.17 Completely avoiding any lighting conflicts in the first place is advantageous,
because proposals would be automatically compliant with the relevant wildlife
legislation and planning policy, and costly, time-consuming additional surveys,
mitigation and post-development monitoring would be avoided. Furthermore,
LPAs are likely to favour applications where steps have been taken to avoid
such conflicts.

4.18 Sources of lighting which can have the potential to disturb bats are not limited to
roadside, footpath or security lighting, but can also include light spill via windows,
permanent but sporadically operated lighting such as sports floodlighting, and
in some cases car headlights. It is important to note that these situations often
comprise many complex variables, and light emission is often difficult to predict
or model accurately.

4.19 A competent lighting professional should be involved in the design of proposals
as soon as potential impacts (including from glare) are identified by the
ecologist, in order to avoid planning difficulties, or late-stage design revision.
The lighting professional will be able to make recommendations about placement
of luminaires tailored to the project.

Glare

4.20 Glare (extremely high contrast between a source of light and the surrounding
darkness - linked to the ‘intensity’ of a luminaire) may additionally affect bats
over a greater distance than the area directly lit by a luminaire. Glare impacts on
bats and other wildlife should be considered on the site alongside best practice
advice on reducing obtrusive light (see ILP GNO1).

Highways

4.21 Where highways lighting schemes are to be designed by the LPA, the ecology
officer (or planning officer) should be consulted on the presence of important
bat constraints, determined in Step 2, which may impact the design of the
lighting scheme in order to ensure compliance with wildlife legislation.
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Dark buffers and concentric zonation

4.27 A buffer zone subdivided to into smaller zones of increasing illuminance limit
further away from the Supporting Habitat would ensure light levels (illuminance
- measured in lux) do not exceed certain defined limits. This has the effect of
a gradual decrease in lighting from the developed zone, rather than a distinct
cut-off, which may provide useable area for the project which also limits lighting
impacts on less sensitive species, or less well-used habitat.

4.28 The ecologist (in collaboration with a lighting professional) can help determine
the most appropriate buffer widths and illuminance limits according to the
value of that habitat to bats. Figure 4 gives an example of a multi-zoned
approach which includes Key Habitat (Zone A) which would receive no ALAN,
and Supporting Habitat (Zones B and C) which would act as a ‘light attenuation
zone’, but remain within the public realm, and so receive reduced light levels.

Zone C
Development edge or
transition zone

Zone A
Key bat habitat

Zone B
Lighting buffer zone

Zone D
Core development zone

J¥

o . —T

Habitat of lower importance
for bats.
Strict illuminance limits
hedgerows etc. to be imposed. appropriate. Light barriers or Lowest illuminance limits.
Absence of artifical screening may feature.
illumination.

Increased human presence, typically for
recreation or occasional use.
Moderate illuminance limits usually

This zone may be subject to sensitive
lighting design to achieve targets in
adjacent zones.

Habitat may include
watercourses,
woodland and

Figure 4. Example of illuminance limit zonation.

Appropriate luminaire specifications

4.29 Light sources, lamps, LEDs and their fittings come in a myriad of different
specifications which a lighting professional can help to select. However, the
following should be considered when choosing luminaires and their potential
impact on Key Habitats and features:

e All luminaires should lack UV elements when manufactured. Metal halide,
compact fluorescent sources should not be used

e LED luminaires should be used where possible due to their sharp cut-off,
lower intensity, good colour rendition and dimming capability

e A warm white light source (2700Kelvin or lower) should be adopted to
reduce blue light component
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e Light sources should feature peak wavelengths higher than 550nm to
avoid the component of light most disturbing to bats (Stone, 2012)

e Internal luminaires can be recessed (as opposed to using a pendant fitting
- See Figure 5) where installed in proximity to windows to reduce glare
and light spill

e Waymarking inground markers (low output with cowls or similar to
minimise upward light spill) to delineate path edges (see Case Study 1)

e Column heights should be carefully considered to minimise light spill and
glare visibility. This should be balanced with the potential for increased
numbers of columns and upward light reflectance as with bollards

e Only luminaires with a negligible or zero Upward Light Ratio, and with
good optical control, should be considered - See ILP GNO1

e Luminaires should always be mounted horizontally, with no light output
above 90° and/or no upward tilt

e Where appropriate, external security lighting should be set on motion-
sensors and set to as short a possible a timer as the risk assessment will
allow. For most general residential purposes, a 1 or 2 minute timer is
likely to be appropriate

e Use of a Central Management System (CMS) with additional web-enabled
devices to light on demand

e Use of motion sensors for local authority street lighting may not be feasible
unless the authority has the potential for smart metering through a CMS

e The use of bollard or low-level downward-directional luminaires is
strongly discouraged. This is due to a considerable range of issues, such
as unacceptable glare, poor illumination efficiency, unacceptable upward
light output, increased upward light scatter from surfaces and poor facial
recognition which makes them unsuitable for most sites. Therefore, they
should only be considered in specific cases where the lighting professional
and project manager are able to resolve these issues. See Case Study 6

e Only if all other options have been explored, accessories such as baffles,
hoods or louvres can be used to reduce light spill and direct it only to
where it is needed. However, due to the lensing and fine cut-off control
of the beam inherent in modern LED luminaires, the effect of cowls and
baffles is often far less than anticipated and so should not be relied upon
solely
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Figure 5. Internal lighting mitigation options.

Sensitive site configuration

4.30 The location, orientation and height of newly built structures, and hard standing,
relative to each other can have a considerable impact on light spill. Small
changes in terms of the placement of footpaths, open space and windows can
all help to achieve a better outcome in terms of minimising light spill onto Key
Habitats and features.

e Key or Supporting Habitat is often located alongside, or to the rear of
buildings, on new developments. In this case, the removal or reduction
of windows can be the most effective way to permanently limit light spill,
potentially alongside the internal reconfiguration of the building, to ensure
high-use spaces are not as impacted by loss of natural light

e It may be possible to include Key or Supporting Habitat into unlit public
open space such as parks. However, avoid including into residential
gardens, as uncontrolled and inappropriate lighting may be introduced by
residents following occupation

e It is often considered better for a residential scheme to specify good
quality downward-directional external light fittings for security, and/or at
the front entrance, on short PIR timers, rather than risk the imposition of
poor quality and poorly controlled lighting at a later date

e Buildings, walls and hard landscaping may be sited and designed so as to
block light spill from reaching habitats and features
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e Paved surfaces should not be located within Key Habitat or buffer zones,
unless they form part of unlit public open space

e Taller buildings may be best located toward the centre of the site, or
sufficiently set back from Key Habitats, to minimise the effect of their light
spill

e Column mounted luminaires can be located so that the rear shields are
adjacent to habitats, or narrow optics selected that direct light into the
task area where needed

Physical screening

4.31 Light spill can be successfully screened through landscaping and the installation
of walls and fences, or even banks and bunds (See Figure 6). In order to ensure
that fencing makes a long-term contribution, it is recommended that it is
supported on concrete or metal posts. Fencing can also be over planted with
hedgerow species or climbing plants to soften its appearance and provide a
vegetated feature which bats can use for navigation or foraging.

4.32 The planting of substantial landscape features integrated to the wider network
of green corridors such as hedgerows, woodland and scrub would make a long-
term positive contribution to the overall connectivity of bat habitat and light
attenuation. It would also contribute to any local Nature Recovery and Green
Infrastructure policies and help achieve obligatory Biodiversity Net Gain targets.
A landscape architect can be appointed to collaborate with the ecologist on
maximising these natural light screening opportunities.

4.33 It should be noted that newly planted vegetation (trees, shrubs and scrub) is
unlikely to adequately contribute to light attenuation upon Key Habitats for a
number of years, until it is well established. Sufficient maintenance to achieve
this is also likely to be required. Consequently, this approach is best suited to
the planting of dense, mature or translocated vegetation. In some cases, it is
appropriate to install temporary fencing, or other barrier, to provide the desired
physical screening effects until the vegetation is determined to be sufficiently
established.

4.34 Given the fact that planting may be removed, die back or inadequately replaced
over time, it should never be relied on as the sole means of attenuating light
spill.
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Dense planting can act as
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N
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Figure 6. Examples of physical light screening options.

Dimming and part-night lighting

4.35 Depending on the pattern of bat activity across the Supporting Habitat identified
by the ecologist, it may be appropriate for an element of on-site lighting to be
controlled by dimming or switching either diurnally, seasonally, or according to
human activity (light on demand). This is known as Part-Night Lighting (PNL). It
is important to state that PNL is not likely to be appropriate where Key Habitats
are at risk, especially as PNL often results in lighting when bats are most active.

4.36 A Central Management System (CMS) can be specified by the lighting engineer
to dim or turn off individual or groups of luminaires when not in use or during
less busy times. Dimming can be precisely controlled, with dimming states
often being as low as 10 or 20%. However, due to the electrical difficulties of
maintaining a dimming state of under 10%, luminaires should be set to off
below this point.

4.37 Lighting could be set to a low output state by default, to turn up to a pre-
determined output in response to a trigger, and be combined with a timeclock or
photocell to further add an element of seasonal or diurnal control. For example,
Passive Infrared (PIR), Artificial Intelligence enabled cameras, on demand
controls, or pressure sensors may be used to trigger lights to come on or dim
in response to movements, either by vehicles (for example at car parks or
industrial loading bays) or by pedestrians (for example a footpath leading from
residential development through an area of Supporting Habitat). The timeclock
or photocell could ensure that this response only occurs during a set window of
hours after sunset and before sunrise, or during certain months.

4.38 Where some trigger is used to temporarily modify lighting states, it will
be necessary to specify the timed trigger window during which the response
is maintained beyond the last triggering activity. For most typical residential
purposes, 1-2 minutes is likely to be sufficient, however risk assessments must
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be performed in line with BS5489-
1. The proposed system of lighting
control will be determined by the
outcome of the risk assessment.
Where used in locations which
receive distinct busy periods,
such as cycle paths used by
commuters, care will be needed
to ensure lighting responds
adequately to permit safe usage,
but avoids both over-illumination
and potentially disruptive
dimming states of lighting groups.

4.39 Alternative lighting designed
for subtle waymarking, rather
than illumination, may be more
appropriate, such as very low-
wattage, ground-level luminaires
(photo 4). This lighting option
can have a number of additional
benefits such as a reduced risk of
vandalism, lower carbon footprint
during manufacture and fitting
and no requirement for cabling. Photo 4: Waymarkers installed on a multi-
However, it should be noted that user path in Worcester.
these systems depend on regular Image credit: Cody Levine.
maintenance and a long-term
commitment for them to be successful, as well as a clear view of the sky for
solar-powered options. Due to this, proposals and potential planning conditions
should be considered in liaison with maintenance teams, to ensure success (and
any handover of assets) post install. See Case Study 1 for further information.

4.40 Part-Night Lighting should be designed with input from an ecologist as it may
still produce unacceptably high light levels when active or dimmed. Part-Night
Lighting is not usually appropriate where lights are undimmed during key bat
activity times, as derived from bat survey data or within riparian habitats (see
research chapter 1.27). Research has indicated that impacts upon commuting
bats are still prevalent where lighting is dimmed during the middle of the night
at a time when illumination for humans’ use is less necessary (Azam et. al.,
2015) thus this approach should not always be seen as a solution, unless backed
up by robust ecological survey and assessment of nightly bat activity. In this
case, designing areas to be lit to avoid retained Key Habitat, or the provision of
sufficient alternative dark corridors, may be the only solution.
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Step 5: Demonstrate compliance with illuminance (lux) limits and
buffers within proposals and, where appropriate, the operational
scheme

4.47 Once it has been determined through the above process how Key and Supporting
Habitats will be protected, or impacts on them mitigated or compensated for,
it will be necessary to demonstrate how this will be achieved. For a planning
application, this information is increasingly required prior to determination
in order for the LPA to make an informed decision and discharge statutory
duties towards protected species legislation and policies. This is most likely to
be the case for ‘Full’ planning applications. For ‘Outline’, phased or complex
applications, this information is, at times, deemed a ‘Reserved Matter’, for
which detail will normally follow at a later date before final consent is granted,
or in the discharging of reserved matters. Incidences include EIAs and should
be made prior to determination. It is appropriate for a pre-commencement
planning condition to be imposed on a consented application which would
require that an ecologically sensitive lighting plan is prepared, or is achievable.

4.48 In all cases where impacts from lighting on bats are possible, the LPA will require
some form of documentation to be produced by the lighting engineer, either in
collaboration with the ecologist, or working to the constraints set out within the
bat habitat plan/ECOP (see Step 2), in order to demonstrate compliance. Usually,
this will take the form of a ‘Lighting Strategy’, ‘Lighting Design’ or ‘Lighting
Impact Assessment’, depending on the level of detail in the application. A Lighting
Strategy may simply set out the agreed lighting parameters, objectives and likely
mitigation requirements (e.g. unlit zones and any other bat mitigation), together
with a plan. A Lighting Design/Impact Assessment would provide finalised details,
consisting of a plan to show modelled illuminance from all proposed (and existing,
where necessary) light sources, taking into account all site configuration, physical
screening and glazing measures adopted. It would usually be accompanied by an
explanatory document detailing the specification of each luminaire, as well as all
assessment assumptions made and any other rationale for lighting mitigation,
such as recessed light fittings or part-night lighting.

4.49 In the case of Outline or phased applications, the precise detail of architectural
materials, glazing, landscaping etc. might not be known at the time of submission,
therefore a Lighting Strategy may be the most appropriate document to provide.
As described above, the bat mitigation objectives derived from the ecologist’s
bat habitat plan/ECOP should be referenced. It is worth being aware of the
potential for matters such as highways (incorporating highways-specific lighting
needs) to be fixed at Outline consent stage, which can make the resolution
of bat mitigation requirements at a later stage challenging. This highlights
the importance of inter-discipline collaboration and early communication of
ecological constraints.

4.50 1In the case of small or simple planning applications, where significant impacts
upon bats from lighting are of a low likelihood, the production of a full Lighting
Design package may be disproportionately costly and time-consuming. It may
therefore be appropriate to provide a simplified document produced between
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the ecologist and lighting engineer, setting out design decisions undertaken and
the likely achievability of the recommendations within the ECOP according to
the lighting engineer’s professional judgment.

Lighting contour plans

4.51 A horizontal illuminance contour plan can be prepared by a suitably experienced
and competent lighting professional (Member of the Institution of Lighting
Professionals (ILP), Chartered Institution of Building Services Engineers (CIBSE),
Society of Light and Lighting (SLL) or similar to ensure competency) using an
appropriate software package to model ‘Day 1’, extent of light spill from the
proposed, retained and, possibly, existing luminaires. The various buffer zone
widths and illuminance limits which may have been agreed can then be overlaid
to determine if any further mitigation is necessary. In some circumstances, a
vertical illuminance contour plot may be necessary to demonstrate the light in
sensitive areas, such as entrances to roosts or the Key Habitat associated with
it (see Appendix).

4.52 Such calculations and documentation would enable the LPA ecologist to fully
assess impacts and compliance.

4.53 Because illuminance contour plots and plans may need to be understood
and examined by non-lighting professionals, such as architects and local
planning authority ecologists, the following should be observed when producing
or assessing illuminance contour plans, to ensure the correct information is
displayed.

e A calculation showing output of luminaires to be expected at ‘Day 1’
of operation should be included, where the luminaire and/or scheme
Maintenance Factor is set to 1. Schemes using Constant Light Output
(CLO) luminaires should also be calculated using ‘Day 1’ output

e Where deemed necessary by a lighting professional, models should
be issued so that all luminaires (i.e. internal and external, or between
different phases/plots) can be assessed and each should be set to the
maximum output anticipated to be used in normal operation on site (i.e.
no dimming where dimming is not anticipated during normal operation)

e Where dimming, PIR, or variable illuminance states are to be used, an
individual set of calculation results should accompany each of these
states

e A horizontal calculation plane representing levels of illuminance at ground
level should always be used

e Vertical calculation planes should be used wherever appropriate, for
example along the site-facing aspects of a hedgerow or fagade of buildings
containing roosts, to show the illumination directly upon the vertical
faces of the feature. Vertical planes can also show a cross-sectional
view within open space (however, they will only face one direction.)
Vertical planes will enable a visualisation of the effects of illumination at
the various heights at which different bat species fly. An ecologist can
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advise on the most appropriate dimensions to use according to the likely
locations of bat flight around the site’s habitats

e The contours (and/or coloured numbers) for 0.2, 0.5, 1, 5, and 10 lux
must be clearly shown, as well as appropriate contours for values above
these

e Each illuminance/lux contour plan should be accompanied by a table
showing their minimum and maximum illuminance/lux values

e Where buildings are proposed in proximity to key features or habitats, plots
should also model the contribution of light spill through nearby windows,
making assumptions as to internal luminaire specification, internal lighting
levels, and visible light transmittance of windows. It should be assumed
that blinds or curtains are absent or fully open. Assumptions will need to
be made as to the internal luminaire specification and levels of illuminance
likely to occur on ‘Day 1’ of operation. These assumptions should be clearly
stated and guided by the building/room type and discussions between
architect, client and lighting professional. Consideration may also need
to given to the site topography, and differences in ground levels between
key features and lit areas or buildings. It is acknowledged that in many
circumstances, only a ‘best effort’ can be made in terms of accuracy of
these calculations as it is often not possible to account for all ‘real world’
conditions and variables which influence light. Note that evidence-based
professional judgement is needed to assess whether light from windows
should undergo a full assessment, dependent on factors such as the
distance between light source and critical habitats

e Modelled plots should not include any light attenuation factor from new or
existing planting, due to the lag time between planting and establishment
and the risk of damage, removal or failure of vegetation. This may result
in difficulties in the long-term achievement of the screening effect and
hamper any post-construction compliance surveys

e The illuminance contour plots should be accompanied by an explanatory
note from the lighting professional to list where, in their opinion, sources
of glare acting upon the key habitats and features may occur, and what
has been done/can be done to reduce their impacts

4.54 N.B. It is acknowledged that, especially for vertical calculation planes, very
low levels of light (<0.5 lux) may occur even at considerable distances from
the source if there is little intervening attenuation. It is therefore very difficult
to demonstrate ‘complete darkness’ or a ‘complete absence of illumination’
on vertical planes where some form of lighting is proposed on site, despite
efforts to reduce them as far as possible and where horizontal plane illuminance
levels are zero. Consequently, where ‘complete darkness’ on a feature or buffer
is required, it may be appropriate to consider this to be where illuminance
is at or below 0.2 lux on the horizontal plane, and at or below 0.4 lux on the
vertical plane. These figures are still lower than what may be expected on a
moonlit night and are in line with research findings for the illuminance found
at hedgerows used by lesser horseshoe bats, a species well known for its light
averse behaviour. *vi
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Baseline and post-completion light monitoring surveys

4.55 Baseline, pre-development lighting surveys may be useful where existing on or
off-site lighting is suspected to be acting on Key and Supporting Habitats and
features, and so may prevent the agreed or modelled illuminance limits being
achieved. This data can then be used to help isolate which luminaires might need
to be removed, or where screening should be implemented, or establish a new
illuminance limit reduced below existing levels. For example, where baseline
surveys establish that on or off-site lighting illuminates potential Key Habitat,
improvements could be made by installing a tall perimeter fence adjacent to the
habitat, and alterations to the siting and specification of new lighting, to avoid
further illumination.

4.56 Baseline lighting surveys must be carried out by a suitably qualified competent
person with the correct equipment. As a minimum, readings should be taken
at ground level on the horizontal plane (to give illuminance hitting the ground),
and in at least one direction on the vertical plane at between either 1.5m or
2m above ground (to replicate the likely location of bats using the feature or
site). The orientation should be perpendicular to the dominant light sources, or
perpendicular to the surface/edge of the feature in question (such as a wall or
hedgerow), in order to produce a ‘worst case’ reading. Further measurements
at other orientations may prove beneficial in capturing influence of all luminaires
in proximity to the feature, or principal directions of flight used by bats. This
should be discussed with the ecologist.

4.57 Baseline measurements should be taken systematically across the site or
features in question, with time, date and time of sunset also recorded. They will
need to be repeated at intervals to sample across the site or feature, either in
a grid or linear transect, as appropriate. The lighting professional will be able to
recommend the most appropriate grid spacing.

4.58 Measurements should always be taken in the absence of moonlight, either on
nights of a new moon or heavy cloud, to avoid artificially raising the baseline.
As an alternative, moonlight can be measured at a place where no artificial light
is likely to affect the reading.

4.59 As all illuminance level contours will be produced from modelled luminaires at
100% output, baseline measurements should, wherever practicable, be taken
with all lights on and undimmed, and with blinds or screens over windows
removed. Cowls and other fittings on luminaires can remain in place.

4.60 Where possible, measurements should be taken during the spring and summer,
when vegetation is mostly in leaf, in order to accurately represent the baseline
during the principal active season for bats, and to avoid artificially raising the
baseline.

4.61 The topography of the immediate surrounding landscape should be considered
in order to determine the potential for increased or decreased light spill beyond
the site.
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Post-construction/operational phase compliance-checking

4.62 Post-completion lighting surveys are often required where planning permission
has been obtained on the condition that the proposed lighting levels are
checked to confirm they are in fact achieved on site, and test that the lighting
specification (including luminaire heights, design and presence of shielding
etc.) is as proposed.

4.63 All lighting surveys should be conducted by a suitably qualified competent
person. They should be conducted using the same measurement criteria and
lighting states used in the preparation of the illuminance contour plots and/or
baseline surveys, as discussed above. It may be necessary to conduct multiple
repeats over different illumination states, or other conditions specific to the
project.

4.64 Depending on the potential for residual impacts on bats, and the scale of the
proposed scheme, it is often appropriate to factor in bat monitoring surveys.
These should have the aim of confirming an absence of significant changes in
bat presence, species assemblage or behaviour between lit and unlit areas,
compared to baseline results. Results should always be reported to the LPA as
per any such planning condition. A ‘Statement of Conformity’ or similar report
should be prepared in order to provide an assessment of compliance by the
lighting professional, and a discussion of any remedial measures which are
likely to be required in order to achieve compliance. Any limitations or notable
conditions such as deviation from the desired lighting state, or use of blinds/
barriers should be clearly reported. Ongoing monitoring schedules can also
be set, especially where compliance is contingent on automated lighting and
dimming systems, or on physical screening solutions.

Conclusion

4.65 In summary, the importance of integrating avoidance measures (as per the
first step of the mitigation hierarchy) into developmental design, cannot be
overemphasised. Retaining ecologically functional ‘dark corridors’ and Key
Habitats for bats within schemes (in preference to seeking lighting mitigation
strategies), avoids costly and time-consuming additional surveys, mitigation
and post-development monitoring. Furthermore, LPAs are likely to favour
applications where steps have been taken to avoid such conflicts. This master-
planning work needs to be informed by robust ecological survey data and lighting
assessments, carried out by the relevant experts at the earliest opportunity
in the project. Ultimately, light levels should always be desighed to minimise
potential environmental impact, and maximise the potential of habitat and
species enhancement work, through multidisciplinary working and evidence-
based new, or retrofit, scheme design.
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Case Studies

5. Case Studies

1. Worcester City lesser horseshoe dark city way marker project

Photo 5: Ground-mounted, solar-powered, cowled, way-markers installed in the green
infrastructure of a residential development near Worcester Cathedral.

5.1 A Green Infrastructure objective to reduce vehicular journeys into Worcester’s
city centre led to Worcestershire County Council upgrading the River Severn’s
network of footbridges and pathways. In its urban context, this Local Wildlife
Site links the wider countryside with Worcester’s city centre.

5.2  Floodproof (IP68) bollard lighting was initially selected as it was considered a
design least likely to contribute to skyglow, or illuminate the adjacent River
Severn LWS. Bollards contain 180degree LED arrays and are set at 12m intervals
meeting BS5489. Subsequent monitoring by the Worcestershire Bat Group
identified that bollard cowls were being vandalised, casting light on the river
embankments. Additionally, the traditional commuting flightlines of a lesser
horseshoe bat roost in the nearby cathedral was effectively being severed by
the bollard lighting, as this focuses illumination in the first 1.5m from ground-
level. In their urban context the horseshoes’ commuting route threaded from
roost, through partially illuminated, gardens to reach the River Severn and wider
countryside beyond the city’s fringes. The bollard lighting effectively created a
lit barrier to horseshoe bats along the river's embankments. Monitoring of the
hibernation roost near the cathedral indicated a downward trend in numbers.
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5.3

5.4

5.5

Modification of bollards would have compromised the housing’s IP68 protection
and external cowls were vandalised. The bat group had identified key flightlines
by horseshoe bats however de-illuminating these bollards was deemed an
unacceptable departure from standards by highways safety assessors. Key
concerns raised were increased risk of crime, and trips and falls along the river’s
steep embankments. Working with the highway authority, street lighting team,
county and city councils, together with consulting a local charity, Sightconcern,
to understand what highway users with visual impairments may require from
lighting schemes, a modified departure from standards was negotiated for
highways authority adoption.

100m of bollard lighting was programmed by timeclock to independently turn
off at civil sunset. Conservation area compliant fencing was installed at the
river's margins. Within this ‘dark corridor’ ground-mounted solar-powered,
cowled way-markers were installed to demark pathway extents.

Post-installation monitoring by the local bat group and county council indicated
preferential use of this new ‘dark corridor’ by lesser horseshoe bats. Winter
numbers, within the nearby roost, increased in the following three years of
post-installation monitoring. No accidents or uplift in crime in this area was
reported to Worcestershire County Council, and the solar-powered waymarkers
have subsequently been integrated into downstream developments to protect
bat foraging habitats, where these intersect with key green infrastructure
components.
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