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There is very little information of any sort regarding the effects of light pollution on plants in natural
ecosystems. Given the complexity of their photoreceptor systems, this is somewhat surprising. It
may be that responses are quite localised so that effects do not show up at the population level.
For example, trees near to road lights may retain some or all of their leaves when those further
away lose theirs.” In extreme cases, only those parts of a plant nearest the light source may be
affected. Laboratory experiments indicate that the sensitivity of plants to artificial lighting varies
from species to species and even within a species.

The type of artificial lighting is likely to be a critical factor in determining how a plant responds
because the spectral profile of different light sources varies. This is illustrated in Figure 4-1**
where it can be seen that the activity absorption spectra of some plant photoreceptors overlap
only slightly with the emission spectrum for low-pressure sodium lighting. On the other hand, it
has been reported that plane trees exposed to high-pressure sodium vapour lighting showed rapid
and late-season growth followed by severe winter dieback compared to trees screened from the
lights. It has also been observed that continuous artificial lighting depresses chlorophyll formation
and stimulates the expansion of leaves resulting in elevated sensitivity of the plants to chemical
pollution.”” Similatly, Box 4A shows that the wavelength of low-pressure sodium lamps (at around
590 nm) lies outside the elephant hawk-moth’s field of sensitivity. There are however new types of
lighting with different wavelengths coming on-stream (see Figure 5-1T) which may have consid-
erable impact on species such as this.

FIGURE 4-I
The relative absorption of plant pigments relative to emissions from low-pressure
sodium lamps

The figure shows three main classes of plant pigments, found in varying combinations in all flowering
plants, and their ability to absorb light of different wavelengths.
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4.17 Lightintensity strongly influences the behaviour of freshwater and marine animals. Daily migration
in zooplankton, where the animals move down through the water column during the hours of
daylight and return to nearer the surface at night, is believed to have evolved as a means of avoiding
predation. It is hypothesised that artificial light in the environment could disrupt organisms such
as zooplankton, with further consequences for species higher up the food-chain.”

418 Many species of marine invertebrates synchronise their spawning behaviour by responding to
phases in the annual and lunar cycles. These responses are finely attuned so that spawning may
only occur on one ot two nights of the year.” There have been few investigations of how artificial
light might affect such behaviour. If sky glow increases background illumination to the extent
that changes in the strength of the moonlight stimulus become masked, this would disrupt the
synchronised response and lead to breeding failure.

419 Amongst terrestrial invertebrates, most attention has been paid to the attraction of night-flying
moths to road lighting, Flying insects are generally most attracted to shorter wavelengths of light
and so particularly favour mercury vapour lights. It has been estimated that high-pressure sodium
lamps, by contrast, attract between 20-60% of the number of insects attracted to mercury lamps;
low-pressure sodium lamps are even less attractive (see Chapter 5).”* Low-pressure sodium lighting
may cause a different sort of problem for insect populations. It can inhibit flight behaviour in
moths and concern has been expressed that its widespread use may effectively be sterilising large
areas for nocturnal flying insects.”

4.20 Several bird species become active under artificial light. For example, the robin can be induced

to sing, forage and feed its young under artificial lighting. Usually the robin, like most songbirds,
is diurnal, beginning the day with a dawn chorus, ending it with a less intense dusk chorus and
foraging in between. Under artificial lighting, however, the robin begins singing much earlier than
unlit counterparts on the same day and there are reports of birds occasionally singing throughout
the night. Recent research indicates that robins do not always exploit available food resources at
night, even if it is possible for them to do so. While a robin with an artificially-lit territory would,

therefore, be likely to be active for longer periods than is normal, it does not seem to lose body
mass even though its energy expenditute is greater and it is not feeding at night.”*

4.21 Turther evidence that artificial light can influence animals in natural ecosystems can be gleaned
from the ways in which humans have exploited the effects of light on living organisms over the
centuries, long before there was any scientific understanding of the processes involved. That some
fish and shellfish are attracted to artificial light at night provides the basis for night-fishing using
lanterns. In modern times artificial lighting in greenhouses has been used both to extend and
change the flowering season of a wide variety of plants.

4.22 In this chapter we have briefly illustrated some of the diverse ways in which organisms exhibit
sensitivity to light and the kinds of disturbances that the introduction of artificial light can cause.
Given the importance of light as an environmental factor it is surprising that there is not more
evidence of ecological effects arising from light pollution. It is important to note, however, that a
lack of evidence of significant effects is not the same as evidence of no significant effects. Where
anecdotal evidence exists, it mainly concerns charismatic groups of animals, such as birds and
sea turtles, and these species have been the subjects of the limited ecological research that has
been carried out. We know comparatively little about the photobiology and ecology of most of
the species in the UK that are likely to be affected by light pollution because they tend to be
nocturnal, difficult to study and seldom observed. We do know, however, that many species are in
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decline (not least a wide variety of UK moths),” some to the point of becoming threatened or even
endangered. Habitat degradation and chemical pollution are often cited as causing biodiversity loss
but it is plausible that artificial light could also be a contributory factor.

The paucity of information on the ecological effects of artificial light across species and habitats is
well illustrated by the quotations in Box 4C.*° In its teport, Light Pollution and Astronomy,” the House
of Commons Select Committee on Science and Technology referred to eatlier government guidance
in Lighting in the Countryside: Towards Good Practice’® which concluded that light pollution could have
adverse ecological effects on insect populations, particularly moths and glow worms, nocturnal
mammals and plants, and that the behavioural patterns of birds could be severely damaged.

BOX 4C PAUCITY OF INFORMATION ON THE ECOLOGICAL EFFECTS OF
ARTIFICIAL LIGHTING

Althongh anecdotal reports of the effects of artificial lights are common in the literature on frog natural
history, ... there have been few direct experimental studies of the effects of artificial night lighting on anurans.
The few studies reported in the literature demonstrate that anurans are sensitive and responsive to artificial
night lighting. [p193]

... Jew studies, or even anecdotal reports, document the effects of artificial night lighting on mammals in the
wild. [p19]

Bats have long been observed feeding on insects attracted to artificial light sources. ... it seems possible or even
likely that lights indirectly influence the survival and reproductive performance, and hence the conservation
status, of both bats and insects. [pp43-44]

Globally, cumulative natural ... and anthropogenic changes ... are having profound, long-term effects on the
Earth’s ecosystems ... The proliferation of artificial light throughout the biosphere could act in synergistic
and unknown ways with these other large-scale environmental changes.

Direct information on negative consequences of artificial lights in free-ranging reptiles (other than sea
turtles) is not readily available. Several studies suggest, however, that such adyerse effects may indeed exist.
... Considerable information now exists to support the contention that artificial lighting affects the activity
of some ... reptiles, but the nature of the effects is species specific and hard to predict.

Few studies have addressed the effect of artificial night lighting on salamander populations in the field or
over long periods of time, ... [p243]

Despite the well-known and profound influence of light on the behavionr of aquatic organisms, ... little
research has addressed the consequences of buman disruption of ... illumination. [pp257-258] ... Disruption
of [the] natural lighting regime may have significant consequences for species richness and community
composition [among fish)]. [p270]

... adverse effects of street lighting on insects theoretically could have serious ecological consequences. [p281]

Few studies have systematically examined the effects of artificial lighting on moths, and none has measured
effects on moth populations. [p306]

From our initial findings, conpled with the existing literature, we conclude that artificial night lighting may
alter the spatial distribution, diel movements, ... demography, and overwintering success of some freshwater
organisms. [p380]

... except for two articles ... no rigorous studies have examined effects of artificial night lighting on plants
in conditions approaching their natural environment. [p390]
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4.24  Despite the pleas for more research and the recommendations for that research made by the
editors of and contributors to the book Ecological Consequences of Artificial Night Lighting (Box 4C),
we have not found many more references to add to those in that volume. We share the editors’

concerns and endorse their recommendations but conclude that without central government

direction, it is unlikely that there will be firm scientific evidence in the near future on whether

or not pollution from artificial lighting has serious ecological consequences.

4.25 The evidence that the Commission has received on the subject leads us to conclude that there
are insufficient data on the ecological consequences of artificial light in the environment. A more
fundamental concern that the Commission holds is that insufficient research is being conducted to
allow us to obtain such information. We recommend that the Natural Environment Research
Council, with input from other agencies, leads a pilot programme of directed research to
explore the impacts of artificial light on populations and ecosystems, and to clarify the
effects of both existing and proposed lighting technologies on biological systems.

4.26 However, while further research is clearly required, we believe that there is already sufficient
information available to generate concern regarding the potential adverse ecological impact of
artificial lighting schemes. In the next chapter we consider some of the technical aspects of road
lighting provision and opportunities for reducing its negative impacts on both natural ecosystems
and human communities.
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Chapter 5

RoaD LLIGHTING TECHNOLOGY:
AN OPPORTUNITY AND A CHALLENGE

Less is more.

Mies van der Rohe

It seems highly likely that the use of outdoor artificial lighting will continue to grow in tandem
with the demand for new infrastructure associated with increases in population, economic growth
and new technological opportunities. The evidence we have seen suggests that the main focus of
concern in most areas is the road lighting provided by public authorities. The evidence we received
during this study suggests that there is now a general recognition that outdoor lighting should be
designed not only to provide light where and when it is needed in an energy-efficient manner, but
also to minimise or prevent the problems that can arise from stray light. By far the largest part of
external lighting outside city centres is public road lighting;

Road lighting should be installed in such a way that the benefits are achieved with the least escape
of light in directions where it is not useful or is positively damaging. This is illustrated in Figure
5-1. The light needs to be sited correctly at the right height. The protective case around the light
source, known as the Zuminaire, should be designed to direct the light where it is needed. It is
inevitable that some light will be reflected back from lit surfaces; the amount of reflected light
may not be negligible when taken over large areas and the elimination of all sky glow may not
be possible. However, with careful choice of technology and proper installation, light pollution
can be minimised. The Institution of Lighting Engineers is one of the organisations providing
guidance on how to reduce obtrusive light.”

The Iluminating Engineering Society of North America (IESNA) has introduced a classification
system for luminaires to highlight those that minimise light pollution (especially sky glow).®" Full
cut-off luminaires produce very little light pollution since no light is allowed to scatter upwards
above the horizontal; some classifications allow light to be scattered above or at the horizontal,
whereas all other designs are classified as ‘non-cut-off’ luminaires.

Correct positioning of luminaires is important; in a survey of 73 environmental health officers
conducted in 2004, 50 (69%) said they would ask for existing luminaires to be redirected when
faced with a problem of obtrusive light. Only 19 (26%) would ask the owner to switch to a
different luminaire.®

As mentioned in Chapter 1, of 7.4 million road light fittings in the United Kingdom, 2.32 million
lighting columns will be more than 30 years old by 2010. Given that the design lifespan of most of
these was 25 years, we face a substantial programme of replacement. This provides an opportunity,
but one which needs to be exercised carefully in order to ensure that the benefits of new technology
are captured without creating adverse consequences. To make best use of luminaires which avoid
or minimise the amount of light diverted upwards it is important to position lights on posts of
adequate height if uniform luminance is to be achieved. We recommend that the authorities
responsible should carry out replacement programmes for road lighting in a way that
explicitly minimises the negative impacts of stray light.
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Road Lighting Technology: An Opportunity and a Challenge

FIGURE 5-I
Useful and wasted illumination from a road lamp.5?

The figure shows that the type and amount of light produced by the road lamp depends on the luminaire.
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As described in Chapter 3, we recognise that lighting of public space has benefits and is perceived
by many in society to have advantages which outweigh the negative impacts. But it is equally
clear that, through the relatively simple mechanism of directing light more accurately to where
it is needed, improved technology can be used to deliver those benefits while at the same
time minimising adverse side-effects. The technologies to do this already exist and should be
incorporated in all new road lighting and replacement lighting. For example, we were told that
new lighting technologies can provide an equivalent level of visibility at lower levels of light than
older systems, such as low-pressure sodium lights, which have narrower ranges of wavelengths,
and that the new systems can be far more accurately directed at the sutrfaces to be illuminated.”
We recommend that lighting standards should require the provision of light at an intensity
no greater than the minimum necessary to deliver the intended benefits and that the light
should be directed at only those areas which are intended to be illuminated.

The benefits and the drawbacks of artificial light depend on where and when it occurs, but also on
its strength and colour. Natural daylight is normally referred to as white, although its exact nature
depends on time of day and year, and cloud cover. Light energy is distributed over a wide range
of wavelengths, from the infrared through to the ultraviolet. At normal daylight levels of lighting,
the human eye is able to see light with wavelengths from about violet (380 nm) up to red (750 nm)
and the level of natural light in this range is roughly uniform. At low levels of light, such as natural
outdoor conditions at night, the human eye is essentially monochromatic. Incandescent artificial
lights (filament bulbs) give light which is spread over all the visible wavelengths with some bias
towards the longer (red) end. Different kinds of lights have different spectral compositions, as
shown in Box 5A and Figure 5-11.
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BOX 5A CHARACTERISTICS OF SOME COMMON UK ROAD LIGHTS COMPARED TO

INCANDESCENT BULBS AND WHITE LIGHT-EMITTING DIODES (LEDs)®

Type of light Low-pressure | High-pressure | Compact Metal halide | Incandescent | White light-
sodium (LPS | sodium fluorescent emitting diode
or SOX) (HPS or SON) (LED)

Colour of light yellow/ pinkish/ warm white | bluish-white/ | yellow/white | white
orange amber-white white

Ultraviolet 0 0.3 0.5-1 2-7 0-0.2 0

radiation (%)

Colour rendering | 07 25 82 65-87 100 >60°

index (CRI)' (up to 85 for

white SON)

Efficiency 80-200 90-130 (30-45 | 67-87 60-120 8-25 60-80

(lumens per for white

Watt) SON)

Approximate 3.454 3.181 1.193 =0 (growing) | NA NA

number of (44%) (41%) (15%) (=0%)

luminaires

(in millions) and

percentage of

total (in brackets)

Notes

1. A measure of the light source’s ability to reproduce colours faithfully in comparison with an ideal or natural light
source. Higher values are better.

2. Perceptibly monochromatic light: it actually emits light of two main wavelengths (589.0 and 589.6 nm).
3. ‘White’ LEDs have a CRI of >60 by definition.

The colour and character of light can be represented by its spectrum, which shows intensity of
output plotted against the wavelength. Various spectra from artificial light sources are shown in
Figure 5-II. As Box 5A shows, the most numerous type of road light is the low-pressure sodium
light. This is the familiar light with a pronounced yellow/orange colour, the spectrum for which
is shown in Figure 5-1I(a) where it appears as a line (actually two lines close together) at about 590
nm. Because the light from low-pressure sodium is at a single wavelength it does not permit any
colour rendering, which reduces the human ability to discriminate objects.

Because of the undesirable absence of colour rendering with low-pressure sodium lights, there has
been a shift to other light sources. Most significant is the growth in the number of high-pressure
sodium lights (HPS) which have several peaks in the spectrum and allow some perception of
colour. This spectrum is also shown in Figure 5-I1(a). The compact fluorescent light (CFL) gives
quite good colour rendering (Figure 5-II(b)), as do the newer metal halide lights (MH1 and MH2
in Figure 5-11(a)) which are now being installed in large numbers where colour and brightness are
important. The new white light-emitting diodes (LEDs) can give good colour rendering but remain
expensive and are still only being installed on a trial basis or in special circumstances. The LED is
compact and can be highly directional, thus aiming light more precisely where it is wanted.
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FIGURE 5-11
Road light emission spectra®

Spectra are scaled so that the overall amount of light from each source is the same for the wavelengths depicted (those
roughly equivalent to visible light). Different sources have very different emission profiles. They may therefore appear
very different to human observers and will have different effects on flora and fauna.

(a) Metal halide and sodium lamps. HPS = high-pressure sodium; MH1 = metal halide (Master Colour); MH2 = metal
halide (Master City White). Low-pressure sodium lamps (LLPS (inset)) produce almost monochromatic light. When
scaled as here, their peak emission is just over four and a half times higher than the highest emission at a given
wavelength for any of the other lamps shown.
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(b) Cosmopolis, compact fluorescent and light-emitting diode (LED) lamps. Cosmopolis = Cosmopolis metal halide
‘white’ lamp; CFL = compact fluorescent lamp; LED = Osram Golden Dragon warm white LED (as used for road
lighting in Banff, Canada); Lemnis = Lemnis prototype LED road light.
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5.10  As explained in Chapter 4, many biological effects depend on exposure to quite specific wavelengths
of light. If new lighting systems expose organisms to new wavelengths for the first time, we might
see the emergence of previously unobserved impacts. Some of the newer lighting sources produce
a wider spectrum of visible light, which may be harmful to non-human life forms that were
previously unable to detect the spectra emitted by low-pressure sodium lights. We have received no
evidence that this possibility has been taken into account in designing and implementing new street
lighting technologies. We recommend that, before replacement road lights using broader
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wavelength technologies are widely introduced, particularly in rural areas, the Department
for Environment, Food and Rural Affairs (Defra) and the Department for Transport should
commission a systematic investigation of their impact on natural systems.

Although traditional low-pressure sodium lighting is a very energy-efficient system, it is rather
inflexible and works best when the lights are left full on during the period of darkness. It does not,
therefore, lend itself to reducing unwanted illumination by ensuring that public spaces are only
lit when required, with the lights turned off or dimmed at other times. Almost by accident, the
inherent efficiency but inflexibility of the traditional system has created an expectation that road
lighting will remain on throughout the hours of darkness, even when few people are using roads
or public spaces. Attempts have been made by a number of local authorities, including Powys and
Hampshire, to turn off road lights or reduce lighting after a certain hour. Evidence from a trial
in Hampshire is that the public are not generally content with a complete turn-off in many areas
but are willing to accept dimming.*® In Powys, reaction to turning off some but not all lights in
quieter areas in September 2008 was again mixed, with one individual paying for the lights to stay
on in his village.”

Dimming, preferably using a centralised management system (CMS)," is one way of reducing
unnecessary illumination. In the past, dimming was generally achieved by simply switching off a
fraction of the lights. This saves energy, but the lack of uniformity within a group of lamps can
be hazardous because dangers may not be seen in the dark regions. The dimming technologies
now available for lights other than low-pressure sodium avoid this problem. Depending on the
method employed, dimming can also reduce energy demand by 40% and maintenance costs by
50%.% Although centralised management systems can be mote expensive to install, the payback
time can be as little as 4-5 years®’

Some more innovative approaches to dimming have been applied elsewhere. For example, in some

parts of Portugal,”

road lighting in quieter roads is activated by movement, so enabling lighting to
be switched on only when there is someone there to benefit. In the German village of Doerentrup,
road lights are being switched off at night to save energy and reduce carbon emissions but local
residents can use their mobile phones to switch them back on again for short periods of time if
they are needed.”! We are not aware of any installations along these lines in the United Kingdom,
but it is another potential option. One possible disadvantage, however, might be an increase in
disturbance, as the sudden activation of lights against a dark background might be more intrusive
than a continuous light for those who have problems sleeping or more disruptive to foraging
nocturnal mammals or to birds. However, this option could be appropriate in some areas and
might merit further consideration.

Artificial light should only be used at times when the benefits are needed. We recommend
that local authorities and others responsible for the provision of road lighting should pay
careful attention to the outcome of the trials currently underway to examine the impact
of reducing or turning off lighting in quieter areas where there is unlikely to be any
significant use of the roads by pedestrians or road traffic; and that they should consider
what lessons they can draw from them to help minimise negative impacts.

vi A centralised management system (CMS) has the capability to switch on or off and dim road lights remotely, depending
on the conditions or time of night, and to monitor and report on energy consumption and equipment faults and
failures via wireless digital links. Some experts claim up to 40% energy saving is possible using these systems (personal
communication from Carl Gardner, Institution of Lighting Engineers).
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5.15 Inconclusion, we believe that there are significant opportunities for the reduction of light pollution
through the design, installation, maintenance and operation of road lighting and other outdoor
lighting systems which can and should be pursued without delay. However, we also urge caution
in relation to the widespread adoption of newer light sources in the absence of research into
the possibility that they will have more adverse effects on plants and wildlife than the existing
low-pressure sodium lights.
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Chapter 6

CONCILUSIONS AND RECOMMENDATIONS

We have examined the explosive growth in outdoor lighting in the UK since the Second World
War and the resulting loss of visual amenity of the night sky due to light pollution, particularly
sky glow. We believe that access to the natural beauty of the night sky is every bit as important as
the preservation of other aspects of natural beauty which society routinely seeks to protect for the
enjoyment of its citizens and for posterity.

We are also concerned that we simply do not know enough about the biological impacts of light
pollution on plants and wildlife, particularly at the population and ecosystem levels. In many cases
scientists have barely begun to look. Humans, and most other animals and plants, have evolved
in an environment which has alternating periods of light and darkness, both within each day and,
outside the tropics, between seasons. This has important consequences for the ways in which
organisms behave in the environment and for certain processes within organisms and ecosystems.
The disruption of normal light patterns can therefore have significant effects.

However, because of the general perception of light as a natural and benign phenomenon, it is
sometimes difficult for people to understand its negative effects. This may be one reason for the
apparent general indifference to the potential negative impacts of light in the environment when
any other anthropogenic effect having the same impact would have long been subject to more
rigorous scrutiny and control.

To rapidly redress the lack of access to the night sky for the population of the UK, we recommend
that those responsible for the management of existing National Parks and Areas of
Outstanding Natural Beauty and the equivalent National Scenic Areas in Scotland seek to
eliminate unnecessary outdoor light and to better design and manage that which cannot
be eliminated, and also that efforts are made to retain or create dark skies over urban areas
so that people in major centres of population may have access to the night sky (2.12).

Much light pollution comes from road lighting. While we recognise that road lights can reduce
road accidents and increase people’s sense of security, we have found that the magnitude of claimed
benefits are either smaller than previously thought (accidents) or equivocal (crime reduction), and
in any case these goals are not necessarily associated with higher levels of illumination. Smarter
lighting rather than more lighting is the key. We recognise that lighting arrangements can be
important in providing people with a sense of place, but inappropriate lighting causes unnecessary
stress to people, to plants and to animals. We recommend that the highways authorities and
local authorities reassess the lighting of roads against potential road safety and crime
reduction benefits (3.5).

Private lighting of external space is a growing cause for concern. We recommend that the sale
of all new external lighting and floodlighting is accompanied by best practice advice, in
order to help installers to aim them correctly, so as to avoid light nuisance and minimise
light pollution (3.6).
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6.7  Lightis one of the factors covered in Government Planning Policy Statements (PPS1 and PPS23)
and the impact of artificial light from developments has to be investigated in the preparation of an
environmental statement under Environmental Impact Assessment Regulations. We recommend
that there should be explicit consideration of light in planning policy. We recommend that
planning guidance includes a presumption against the provision of artificial light in some
areas where it may have a negative impact on species of concern. We also recommend that
guidance is expanded specifically to enable local authorities to assess the likely ecological
impacts of changes to the amount and quality of artificial light. Similar guidance should
be provided by the Devolved Administrations (3.10).

0.8  Because we consider that more explicit recognition needs to be given to the visual and wider societal
impacts of artificial lighting, particularly in urban areas, we recommend that local authorities
should develop alighting master plan in consultation with their local communities, profes-
sional lighting designers, and their own public lighting engineers (3.15).

0.9  The principal protection that individuals have against the intrusion of light upon their lives at
night is regulation on statutory nuisance. The Government has recognised legislation is necessary
to tackle light nuisance, but different approaches to enforcing this legislation have been adopted
in England and Wales as compared to Scotland. Whereas in Scotland exemptions from statutory
nuisance apply only to lighthouses and premises used for defence purposes, the equivalentlegislation
in England and Wales exempts a very wide range of facilities. As the legislation is relatively new,
it is unclear at the present time which approach will prove to be most effective. We recommend
that the Government departments responsible for light nuisance legislation in England
and Wales, and Scotland keep the legislation under review (3.18).

0.10 In the course of our study, we have been convinced that artificial light can have significant effects
on the natural environment. Many of these effects have been investigated at the level of the
individual organism, but it is not clear how significant these impacts are at the population or
ecosystem level. Impacts could either be direct, for instance in relation to some species of bats
where light could significantly reduce their foraging area, or indirect, such as those cases where
increased light levels at night allow day-time predators to extend their range to include night-time
species. We recommend that the Natural Environment Research Council, with input from
other agencies, leads a pilot programme of directed research to explore the impacts of
artificial light on populations and ecosystems, and to clarify the effects of both existing
and proposed lighting technologies on biological systems (4.25).

0.11 There are around 7.4 million road lights in the United Kingdom of which about 2.32 million are
nearly 30 years old. Given that their design lifespan was 25 years, we face a substantial programme
of replacement. This provides an opportunity, but one which needs to be exercised carefully
in order to ensure that the benefits of new technology are captured without creating adverse
consequences. We recommend that the authorities responsible should carry out replacement
programmes for road lighting in a way that explicitly minimises the negative impacts of
stray light (5.5).

0.12 We recognise that lighting of public space has benefits and is perceived by many in society to have
advantages which outweigh the negative impacts. But it is equally clear that improved technology
can deliver those benefits while minimising unwanted side-effects. The technologies to do this
already exist. We recommend that lighting standards should require the provision of
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light at an intensity no greater than the minimum necessary to deliver the intended
benefits and that the light should be directed at only those areas which are intended to
be illuminated (5.6).

It seems very probable that the impacts of much artificial road lighting have fortuitously been
minimised by the fact that the majority of lighting used to date has a very restricted spectrum
at around 590 nm, the wavelength of orange light. This may have led to a smaller impact on
the natural environment because receptor systems in some organisms happen not to detect that
particular wavelength. The use of more modern technologies with a much broader wavelength
spectrum could lead to significant changes in the impact of artificial light on natural systems. We
recommend that, before replacement road lights using broader wavelength technologies
are widely introduced, particularly in rural areas, the Department for Environment,
Food and Rural Affairs (Defra) and the Department for Transport should commission a
systematic investigation of their impact on natural systems (5.10).

Artificial light should only be used at times when the benefits are needed. We recommend
that local authorities and others responsible for the provision of road lighting should pay
careful attention to the outcome of the trials currently underway to examine the impact
of reducing or turning off lighting in quieter areas where there is unlikely to be any
significant use of the roads by pedestrians or road traffic; and that they should consider
what lessons they can draw from them to help minimise negative impacts (5.14).

Finally, at present, none of these issues appear to have any natural locus within Government, with
different departments considering different aspects and some key departments such as transport
explicitly not considering impacts on the natural environment. Light has been the poor relation for
too long; Government needs to accept the fact that light, like noise and chemicals, in the wrong
quantity, in the wrong place and at the wrong time can cause problems and must be addressed
explicitly in policy development. We recommend that Defra and equivalent bodies elsewhere
in the UK take the lead in co-ordinating interdepartmental activity on artificial light.

In closing, we emphasise that while research into and monitoring of the biological effects of light
pollution on human wellbeing and natural ecosystems are desirable, this may not be an issue which
requires greater scientific confidence to justify corrective action. We are convinced of the plausi-
bility of the argument that light in the wrong place and at the wrong time can disturb the lives
of organisms, potentially with adverse ecological effects. Considered alongside the indisputable
loss of the visual amenity of the night sky, the Royal Commission considers that there is sufficient
reason to take action to reduce light pollution without waiting for the results of scientific inquiry
into biological impacts, which should focus on research that could inform the design of new
lighting technologies and installation practices.

30



References

REFERENCES

1 IARC Monographs Programme finds cancer hazards associated with shiftwork, painting and
firefighting. /nternational Agency for Research on Cancer, Press Release No. 180, 5 December 2007.

2 See, for example, results of 2007 survey by Harris for Abacus Lighting, available at: http://www.
abacuslighting.com/news.asp?id=69. Accessed July 2009.

3 Royal Commission on Environmental Pollution (RCEP) (2007). 261h Report: The Urban Environment.
TSO, London. Available at: http://www.rcep.org.uk.

4 Evidence received from Martin Morgan-Taylor, Principal Lecturer in Law, De Montfort University,
and a member of the International Dark-Sky Association (http://www.darksky.org).

5 House of Commons Select Committee on Science and Technology (2003). Light Pollution and
Astronomy. Seventh Report of Session 2002-03. Volume 1. HC 747-1. TSO, London.

6 See http://www.darkskydiscovery.org.uk/. Accessed July 2009.

7 Dana Skelley, Transport for London, and Chair of the County Surveyors Society Lighting Group.
Figures presented at the joint Institution of Lighting Engineers (ILE)/Surveyor conference in
London, 17 June 2009.

8 See http://www.telegraph.co.uk/news/uknews/1580451/Prince-Harrys-interview-in-full.html.
Accessed July 2009.

9 See http://www.guardian.co.uk/science/2008/dec/23/astronomy-galloway-dark-sky-park.
Accessed July 2009.

10 Personal communication from Carl Gardner, Institution of Lighting Engineers (ILE),
August 2009.

11 See Campaign for Dark Skies at: http://www.britastro.org/dark-skies/. Accessed October 2009.

12 Figure 2-I(a) from Campaign to Protect Rural England (CPRE) (2003). Night Blight! Available at:
http://www.cpre.org.uk/library/results/light-pollution. Analysis for Figure 2-I(b) carried out by
Fernley Symons for the Royal Commission on Environmental Pollution.

13 Smith, M. (2009). Time to turn the lights off. Nature, 457, 27.
14 Bortle, J.E. (2001). The Bortle Dark-Sky Scale. Sky & Zélescope, February Issue, 126-129.

15 See http://www.guardian.co.uk/science/2008/dec/23/astronomy-galloway-dark-sky-park.
Accessed July 2009.

16 See http://www.starlight2009.net. Accessed 05 October 2009
17 Evidence from the Department for Transport, January 2008.

18  Crabb, G.I. and Crinson, L. (2009). 7he Impact of Street Lighting on Night-Time Road Casualties.
Transport Research Laboratory.

19 The CIE guidance on road lighting standards has been incorporated into British Standards
BS 5489-1: 2003 — Code of practice for the design of road lighting—Part 1: Lighting of roads and public
amenity areas; and BS EN 13201-2:2003 — Road Lighting — Part 2: Performance requirements.

20 Oral evidence from Catl Gardner, ILE, January 2009.
21 Motorway lighting to be switched off. 7he ZNDS Report, Issue 411, April 2009, page 24.

22 TFarrington, D.P. and Welsh, B.C. (2002). Effects of Improved Street Lighting on Crime: A Systematic
Review. Home Office Research Study 251. Home Office Research, Development and Statistics
Directorate. August 2002.

31



Artificial Light in the Environment

23

24
25

26

27
28

29
30

31

32

33

34

35

36
37
38
39

The Home Office evidence acknowledged that a number of concerns were expressed by
independent statisticians about these statistics. Though the estimate of statistical variance was
corrected and the data re-analysed as a result of these concerns, the Home Office’s conclusions
did not change. This remains an area of some controversy, with the significance of the impacts
of lighting on crime levels disputed by some observers. See for example: Marchant, P.R. (2004).
A demonstration that the claim that brighter lighting reduces crime is unfounded. British Journal
of Criminology, 44, 441-447; and Marchant, P.R. (2005). What works? A critical note on the
evaluation of the crime reduction initiatives. Crime Prevention and Community Safety, 7(2), 7-13.

Evidence from Hampshire County Council, June 2008.

ILE (2003). Domestic Security Lighting, Friend or Foe?,
oral evidence from Carl Gardner, ILE, January 2009.

See, for example: http://environmentdebate.co.uk,/2008/03/06/thanet-earth-update/comment-
page-3. Accessed August 2009.

Information received from Syngenta, April 2008.

Planning Policy Statement (PPS) 1: Delivering Sustainable Development. Department for Communities
and Local Government (CLG). January 2005. Available at: http://www.communities.gov.uk/
planningandbuilding /planning /planningpolicyguidance/planningpolicystatements/planning-
policystatements/ppsl/. Accessed October 2009;

Planning Policy Statement (PPS) 23: Planning and Pollution Control. Department for Communities
and Local Government (CLG). November 2004. Available at: http://www.communities.gov.uk/
planningandbuilding /planning/planningpolicyguidance/planningpolicystatements/planning-
policystatements/pps23/. Accessed July 2009.

Frangeti, C. (2008). Discomfort in colour change lighting, Lighting Journal, 73(5), 29-34.

Nielson, K.H. (2008). The luminance intensity and distribution of exterior LED screens. Lighting
Journal, 13(3), 23-27.

See http://www.opsi.gov.uk/si/si2007/uksi_20070783_en_1. Accessed October 2009.

International Commission on Illumination, Commission Internationale de I’Eclairage (CIE)
(2007). A Guide to Masterplanning Urban Lighting. TC5.21. Draft Report 8. Prepared by CIE
Technical Committee 5-21 of Division 5 (Exterior and other lighting applications).

Gardner, C. (2001) Strategic Urban Lighting Plans in the UK: A preliminary balance sheet. Paper presented
at the CIE International Lighting Congress, Istanbul, September 2001.

Assessment of the Problem of Light Pollution from Security and Decorative Light. A report by Temple for
Defra (March 20006). Available at http://www.defra.gov.uk /environment/quality/local /nuisance/
light/documents/lightpollution-templereport.pdf. Accessed October 2009.

Johnsen, S., Kelber, A., Warrant, E., Sweeney, A., Widder, E.A., Lee Jr, R.L. Jr and Hernandez-
Anderes, J. (20006). Crepuscular and nocturnal illumination and its effects on color perception by
the nocturnal hawkmoth Deilephila elpenor. Journal of Experimental Biology, 209. 789-800.

Taiz, L. and Zeiger, E. (2000). Plant Physiology. Fourth Edition. Sinaner Associates Inc., US.
Prosset, C.L. (1973). Comparative Animal Physiology. W.B. Saunders, New York.
1bid.

Rich, C. and Longcore, T. (Eds.) (2000). Evological Consequences of Artificial Night Lighting. Island
Press, Washington DC.

32



40

41

42
43

44

45

46

47

48

49

50

51
52

53

54

55

56
57
58

59

See the Toronto Fatal Light Awareness Program at: http://www.flap.org/new/nestegg_3.htm
(accessed July 2009), and the ‘Lights out Toronto’ initiative at: http://www.toronto.ca/lightsout/
news.htm (accessed July 2009).

Stone, E.L., Jones, G. and Harris, S. (2009). Street lighting disturbs commuting bats. Current
Biology, 19(13), 1123-1127.

Baker, J. (1990). Toad aggregations under street lamps. Brit. Herp. Soc. Bull., 31, 26-27.

Buchanan, BW. (1993). Effects of enhanced lighting on the behaviour of nocturnal frogs. Animal
Behaviour, 45, 453-462.

Kochevar, R.E. (1998). Effects of Artificial Light on Deep Organisms: Recommendations for ongoing use of
artificial lights on deep sea submersibles. Technical report to the Monterey Bay National Marine Research
Activity Panel, January 1998.

de Molenaar, ].G., Jonkers, D.A. and Sanders, M.E. (2000). Road Il//umination and Nature. I11. Local
influence of road lights on a black-tailed godwit (Limosa limosa) population. Alterra, Wageningen, The
Netherlands.

Arlettaz, R., Godat, S. and Meyer, H. (2000). Competition for food by expanding pipistrelle
bat populations (Pipistrellus pipistrellus) might contribute to the decline of lesser horseshoe bats
(Rhinolophus hipposideros). Biological Conservation, 1, 55-60.

Outen, A.R. (2002). The ecological effects of road lighting. In: Sherwood. B.R., Cutler. D.F. and
Burton, J.A. (Eds.). Wildlife and roads: 1he ecological impact. Imperial College Press, London.

Figure constructed by Tom Law (formerly of University of Cambridge Engineering Department)
with data from Taiz and Zeiger. (2000).

Cathey, H.M. and Campbell, L.E. (1975). Security lighting and its impact on the landscape. Journal
of Arboriculture. 1 181-187.

Longcore, T. and Rich, C. (2004). Ecological light pollution. Frontiers in Ecology and Environment,
2(4) 191-198.

1bid.

Eisenbeis, G. (20006). Artificial night lighting and insects: Attraction of insects to streetlamps in
a rural setting in Germany. In: Rich and Longcore (20006). Pages 281-304.

Utfen, R. (1994). Report of East Region meeting, Nottingham University, 13 November 1993.
Antenna, 18, 80-81. Cited in evidence from the Royal Entomological Society, January 2008.

Evidence from Dr Alexandra Pollard, School of Biosciences, University of Cardiff, 2009.

Conrad, K.F.,, Warren, M.S., Fox, R., Parsons, M. and Woiwod, L.P. (2006). Rapid declines in
common moths underscore a biodiversity crisis. Biological Conservation, 132, 279-291. Cited in
evidence from the Royal Entomological Society, January 2008.

All quotes in Box 4C from Rich and Longcore (2000).
House of Commons Select Committee on Science and Technology (2003).

Department for Communities and Local Government (CLG) (1997). Lighting in the Countryside:
Towards Good Practice. Available at: http://www.communities.gov.uk /archived/publications/
planningandbuilding/lighting. Accessed July 2009.

Institution of Lighting Engineers (ILE) (2005). Guidance Notes for the Reduction of Obtrusive
Light. Available at: http://www.britastro.org /dark-skies/pdfs/ile.pdf (accessed July 2009). Other
guidance provided by the ILE can be accessed at: http://www.ile.org.uk/.

33

References



Artificial Light in the Environment

60

61

62
63
04

65

66

67

68

69

70

71

Van Tichelen, P., Geerken, T., Jansen, B., Van den Bosch, M., Van Hoof, V., Vanhooydonck, L.
and Vercalsteren, A. (2007). Lot 9: Public Street Lighting. Study for the European Commission DG
TREN unit D3. Final Report. 2007/ETE/R/021. Page 193.

Temple (20006). Assessment of the Problem of Light Pollution from Security and Decorative Light. A report
for the Department for Environment, Food and Rural Affairs. March 2006.

Figure 5-1 adapted from figure in ILE (2005).
Oral evidence from Carl Gardner, ILE, January 2009.

The data in this table were assembled from a range of sources; the RCEP is grateful to Steve Fotios
of Sheffield University, Osram and Lemnis Lighting.

Adapted from data provided by Steve Fotios of Sheffield University, Lemnis Lighting and
Osram.

Oral evidence from Alison Quant, then Director of Environment, Hampshire County Council,
January 2009.

Personal communication from Professor Lynda Warren, Member of the Royal Commission on
Environmental Pollution, March 2009.

van Tien, N., Unhavaithaya, Y. and nang Dinh, N. (2005). Lighting control in street lighting —
An overview of the state of the art in technology and application. Presentation at Right Light 6
Conference, Shanghai, 9-11 May 2005.

EC Energie Programme (2005). Numel.ile. An Integrated Approach to Designing High Intensity
Discharge Lighting Systems. Final Public Report. Project Number: NNE5-2001-00282.

Personal observation by Tom Eddy, former Secretary to the Royal Commission on Environmental
Pollution, made in Ericeira, Portugal.

See http://news.bbc.co.uk/1/hi/technology/7795492.stm. Accessed July 2009.

34



Appendix A

BACKGROUND TO THE COMMISSION’S REPORT ON
ARTIFICIAL LLIGHT IN THE ENVIRONMENT

RATIONALE FOR AND SCOPE OF THE STUDY

Al This topic was selected in recognition of the increasingly pervasive nature of artificial light, and
hence of its effects. Natural light plays a fundamental role in the biology of organisms. Artificial
light has the potential to disrupt the biology of many species. The study follows on from the
Commission’s March 2007 report on the Urban Environment where light was identified as an
important issue in determining local environmental quality.

A2 A major review of light pollution and astronomy was published by the House of Commons Select
Committee on Science and Technology in 2003. Our study did not therefore consider the effects
of artificial light on astronomy. It is however fitting that 2009, the year of publication of the
Commission’s report, is the International Year of Astronomy.

ANNOUNCEMENT OF THE STUDY AND INVITATION TO SUBMIT EVIDENCE

A3 The Commission launched the call for information and evidence, in order to help define the scope
of the report, on 14th December 2007 with a closing date of 18th January 2008. The invitation was
sent to a number of organisations and was also placed on the Commission’s website. The subject
of environmental man-made light includes several major themes, each of which prompted a series
of example questions to which consultees were invited to respond:

AESTHETIC EFFECTS

e Artificial light can enhance monuments or locales in different ways (for example, York Minster
and Piccadilly Circus). Is it possible to identify the circumstances where man-made light
provides an enhanced aesthetic?

e Conversely, are there cases where artificial lighting is aesthetically damaging?

EFFECTS ON THE NATURAL WORLD

Artificial light affects a wide diversity of species in many different ways both individually and
perhaps at the population level.

¢ What are the effects on flora and fauna?

HUMAN HEALTH EFFECTS

Various health effects have been ascribed to man-made lighting. For example, it has been suggested
that one possible consequence of artificially extended day length is the suppression of melatonin
production which might in turn lead to an enhanced risk of various forms of cancer.
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* Is there evidence for effects on human health of environmental artificial light (as opposed to
indoor illumination)?

e If there is, what are the effects, and what are their likely impacts?

BENEFITS INCLUDING REDUCED CRIME AND ACCIDENTS

Well-sited street lighting can prevent both crime and accidents. In contrast, poorly planned facilities
can exacerbate both these problems.

e What is the relationship between lighting and crime/accidents?

ENERGY USE

Figures from the Department for Business, Enterprise and Regulatory Reform (now the
Department for Business, Innovation and Skills) suggest that approximately 20% of the total final
consumption of electricity in the UK in 2006 was for lighting (including interior lighting). Poorly
designed lighting can lead to significant amounts of energy being wasted, whilst new technologies
offer opportunities for energy savings.

e Is energy currently being wasted through artificial outdoor lighting and if so how much?

* Are there significant energy savings to be made from implementing new technology or by
controlling lights in a particular way (e.g. movement activated lights)

A4 Thisreportwas drafted between February 2008 and October 2009. The organisations or individuals
who provided information or otherwise gave assistance are listed below. In some case, indicated
by an asterisk *; meetings were held with Commission Members so that particular issues could be
discussed.

GOVERNMENT DEPARTMENTS

Communities and Local Government

Department for Culture, Media and Sport
Department for Environment, Food and Rural Affairs
Department for Transport

Department of Environment, Northern Ireland

The Home Office

The Scottish Government

Welsh Assembly Government

OTHER ORGANISATIONS

Abacus Lighting

Bat Conservation Trust

British Astronomical Association’s Campaign for Dark Skies
Buglife

British Trust for Ornithology

Butterfly Conservation

CSS (formerly the County Surveyors’ Society)

Chartered Institute of Environmental Health

Campaign for National Parks

36



Appendix A

Cresswell Associates (for the Institute of Ecology and Environmental Management)
Directorate General, Enterprise and Industry, European Commission
Environmental Protection UK

Environmental Change Institute, Oxford University
EU NumeLiTe Consortium

Forestry Commission

General Lighthouse Authorities

Happold Lighting, Buro Happold Ltd

Health Council of the Netherlands

Health Protection Agency

Highways Agency

Institute of Ecology and Environmental Management
Institute of Photonics, University of Strathclyde, Glasgow
International Commission on Illumination (CIE)
Lighting Industry Federation Ltd

The Lighting Research Center, US

London Assembly

Mouchel Ltd

Natural Environment Research Council
Parliamentary Office of Science and Technology
Philips lighting

Planning Officers Society

Royal Entomological Society

Royal Society for the Prevention of Accidents

Royal Society for the Protection of Birds

Royal Society of Edinburgh

Royal Town Planning Institute

Scottish Environment Protection Agency

Scottish Natural Heritage

South Lanarkshire Council

TFC Group

The Urban Wildlands Group

INDIVIDUALS

Peter Boyce

Alastair Burn

Ray Cassar, Usk Astronomical Society

Dr David Chesmore, Senior Lecturer, Department of Electronics, University of York
Pierantonio Cinzano

Barry Clark, Astronomical Society of Victoria, Australia

Graham Cliff, LightPollution.org.uk

Dave Coatham

Karen Imparato Cotton, Bird Collisions Campaign Manager, American Bird Conservancy
Steve Dagnall, AEA Technology

Matthew Eagles

Professor David Farrington, Professor of Psychological Criminology, University of Cambridge
Steve Fotios, Sheffield University

Alison Fure

Carl Gardner*, Institution of Lighting Engineers

37



Artificial Light in the Environment

Andreas Hinel, Museum am Scholerberg, Osnabriick, Germany

Rita Harrold, Illuminating Engineering Society of North America
Professor Denis Henshaw, Professor of Physics , Bristol University

Jenik Hollan

John Hopkins, Natural England

Keith Scott Jamieson, Centre for Environmental Policy, Imperial College
Dr Soénke Johnsen, Duke University, North Carolina, US

Professor Michael Kalloniatis, Auckland University, New Zealand

John S. Lewis

Travis Longcore, Urban Wildlands Group

Robert Lucas, Manchester University

Dr Paul Marchant, Leeds Metropolitan University

Francesca Morrison, Richmond-upon-Thames Borough Council

Ilga Nielsen

Alan Outen, formerly of Hertfordshire Biological Records Centre

Steven Owens, UK Co-ordinator, International Year of Astronomy 2009
Tan Panton

Nigel Parry, Institution of Lighting Engineers

Professor Peter J. Pearson, Professor of Energy and Environmental Studies, Imperial College
Dr Alex Pollard*, University of Cardiff

Alison Quant*, Hampshire County Council

Nigel Pollard, NEP lighting Consultancy

Alex Rann, Natural England

Peter Raynham, The Bartlett School of Graduate Studies, University College London
Helen Read, British Myriapod Isopod Group

John Rooymans, Lemnis Lighting Company

Professor Yvonne Rydin, University College London

Wim Schmidt, Sotto le stelle (a lighting company), the Netherlands
Duco Schreuder, the Netherlands

Alistair Scott

Dr Alan Stewart

Hans Tetteroo, Shell

Oliver Tickell

Simon Tilleard, London Climate Change Agency

Reginald R. Wilson, the International Dark-Sky Association

Councillor Sylvia Wright, Essington, South Staffordshire

COMMISSIONED WORK

A5  The Commission is grateful to Martin Morgan-Taylor, Principal Lecturer in Law at De
Montfort University, Leicester, for providing information on security lighting, and UK and
international legislation.
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MEMBERS OF THE COMMISSION

SIR JoHN LAwWTON (CHAIRMAN) CBE

President, Council of the British Ecological Society, 2005-2007
Chief Executive, Natural Environment Research Council, 1999-2005

Director (and founder), Natural Environment Research Council Centre for Population Biology
at Imperial College, Silwood Park, 1989-1999

Member, Royal Commission on Environmental Pollution, 1996-1999

Lecturer, Senior Lecturer, Reader, Professor of Biology, University of York, 1972-1989
Demonstrator in Animal Ecology, Department of Zoology, University of Oxford, 1968-1971
Chairman, Royal Society for the Protection of Birds, 1993-1998

Vice-President, Royal Society for the Protection of Birds, 1999-

Past Vice-President, British Trust for Ornithology, 1999-2007

Trustee, WWF-UK, 2002-2008; Fellow of WWF-UK, 2008-

Foreign Associate, US National Academy of Sciences, 2008-

Foreign Honorary Member, American Academy of Arts and Sciences, 2008-

PROFESSOR MICHAEL DEPLEDGE

Professor of Environment and Human Health, Peninsula Medical School, Univetsities of
Exeter and Plymouth, 2006-

Keeley Visiting Fellow, Wadham College, University of Oxford, 2006-

Honorary Visiting Professor, Department of Zoology, University of Oxford

Senior Science Advisor, Plymouth Marine Laboratory, 2005-2007

Chief Scientific Advisor, Environment Agency of England and Wales, 2002-2006
Vice-Chairman, Science Advisory Committee, European Commission, DG-Research, 2006-
Former Board Member, Natural England, 2006-2009

Council Member, Natural Environment Research Council, 2003-2006

Honorary Professor, School of Earth Sciences and Engineering, Imperial College, 2002-
Honorary Visiting Scientist, School of Public Health, Harvard University, USA, 2000-2003

DR IaN GRAHAM-BRYCE CBE

Principal Emeritus, University of Dundee
Chairman, East Malling Trust for Horticultural Research

Principal and Vice-Chancellor, University of Dundee, 1994-2000
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Convener, Committee of Scottish Higher Education Principals, 1998-2000

President, Scottish Association for Marine Science, 2000-2004; and currently Honorary
Vice-President

President, British Crop Protection Council, 1996-2000

Council Member, Natural Environment Research Council, 1989-1996
Head, Environmental Affairs Division, Shell International, 1986-1994
President, Association of Applied Biologists, 1988-1989

Director, East Malling Research Station, 1979-1986

President, Society of Chemical Industry, 1982-1984

PROFESSOR JEFFREY JOWELL QC

Professor of Law, University College London

UK’ Member on the Council of Europe’s Commission for Democracy Through Law (“The
Venice Commission”™)

Chair, British Waterways Ombudsman Committee
Former non-executive Director of the Office of Rail Regulation

Practising barrister

PROFESSOR MARIA LEE

Professor of Law, University College London
Member of the London Sustainable Development Commission

Member of the academic panel of the barristers” chambers Francis Taylor Buildings

PROFESSOR PETER LISS CBE

Professor of Environmental Sciences, University of East Anglia, 1985-

Chair, Scientific Committee of the International Geosphere — Biosphere Programme (IGBP),
1993-1997

Chair, International Scientific Steering Committee for Surface Ocean — Lower Atmosphere
Study (SOLAS), 2002-2007

Council Member, Natural Environment Research Council, 1990-1995

Independent Member, Inter-Agency Committee on Marine Science and Technology,
2000-2008

Chair, Royal Society Global Environmental Research Committee, 2007-
Council Member, Marine Biological Association of the UK

Chair, Higher Education Funding Council’s Research Assessment Exercise Panel in Earth and
Environmental Sciences, 2001

Guest Professor, Ocean University of Qingdao, China
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President, Challenger Society for Marine Science, 2006-2008

Chair, European Research Council Advanced Grants Panel in Earth System Science, 2008-

PROFESSOR PETER MATTHEWS OBE

Board Member, Port of London Authority, 2006-

Chair, Northern Ireland Authority for Energy Regulation, 2006-2007

Chair, Northern Ireland Authority for Utility Regulation, 2007-

Board of the Environment Agency and Chair of its Audit Committee, 2000-2006
Former Deputy Managing Director for Anglian Water International

Past President of the European Water Association, Chartered Institution of Water and Environ-
mental Management and Past Chair of the Society for the Environment

Served on the Board of Anglia Ruskin University

PROFESSOR JUDITH PETTS

Pro-Vice-Chancellor (Research and Knowledge Transfer), University of Birmingham, 2008-

Head, School of Geography, Earth and Environmental Sciences, University of Birmingham,
2002-2007

Chair of Environmental Risk Management, University of Birmingham, 1999-

Member, Engineering and Physical Sciences Research Council Societal Issues Panel, 2007
Council Member, National Environment Research Council, 2000-2006

Member, Environmental Advisory Board, Veolia Environmental, 1999-

Member, Royal Society Science in Society Group, 2005-2008

Member, Higher Education Funding Council’s Research Assessment Exercise Panel in
Geography and Environmental Studies, 2005-

Member, Office of Science and Innovation Sciencewise Strategy Group, 2004-2008
Member, Environmental Advisory Group, Onyx Environmental Plc, 1999-

Former Specialist Advisor House of Commons Environment, Transport and Regional Affairs
Committee and House of Lords Sub-Committee

Member, Council of the Institute of Environmental Assessment, 1990-2000

PROFESSOR STEVE RAYNER

Director, James Martin Institute for Science and Civilization, Professor of Science and Civili-
zation, Said Business School, University of Oxford, and Professorial Fellow of Keble College

Professor of Environment and Public Affairs, Columbia University, USA, 1999-2003

Chief Scientist, Pacific Northwest National Laboratory, USA, 1996-1999

Director, Economic and Social Research Council Science in Society Programme, 2001-2007
Member, Intergovernmental Panel on Climate Change

Past President of the Sociology and Social Policy Section of the British Association
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Ministerial appointee to the Veterinary Residues Committee and a Non-Executive Director of
the Defra-sponsored National Non-Food Crops Centre (NNFCC)

Chief Executive of the Department for Environment for Food and Rural Affairs (Defra)
Central Science Laboratory, 2001-2008
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Member of the Yorkshite and Humber Science and Innovation Council, 2005-2008

PROFESSOR JOANNE SCOTT

Professor of European Law, and Vice-Dean for International Links, at the Faculty of Laws,
University College London

Member of the editorial boards of the Journal of Environmental Law and the Journal of
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Visiting Professor at Columbia Law School

Former Visiting Professor at Harvard and Georgetown Law Schools

PROFESSOR LYNDA WARREN

Emeritus Professor of Environmental Law, University of Aberystwyth
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Board Member, Environment Agency, 2000-2006
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