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Presentation Objectives
• What is light pollution (ALAN)?
• What are the biological consequences of light pollution?
• How can Smart Lighting help reduce ALAN?

What is light pollution?

“an excess of artificial light at night”
Fabio Falchi et al. Sci Adv 2016;2:e1600377

•
•

>80% of the world and >99% of the US and European populations live under light polluted skies (Falchi et al
2016)
Artificial lighting is increasing by 6% each year

Consequences of ALAN
• Loss of the night sky
• Nuisance light
trespass
• Glare
• Human health
• Ecological impacts

Loss of the night sky
The stars have inspired:
Scientific discoveries
• Art
• Literature
• Astronomy
• Navigation
• Exploration
• Philosophy
• Tourism

Nuisance light trespass
Sources of nuisance light include;
•
Residential neighbours
•
Commercial facilities
•
Industrial facilities
•
Sporting facilities
•
Electronic billboards
•
Streetlights

Glare
•
•

Introduction of LED lights into car headlights has
increased glare hazards while driving,
People over 50 are strongly affected by glare,
•
pupil contraction is slower than in younger people,
•
Causes temporary blindness and reduced night
vision.

Human and Ecological Health Effects
Background
1. The growing body of scientific research on the human and ecological impacts
of light has occurred concurrent with developments in Smart Lighting
controls.
2. Much of the biological research has not had the benefit of these new
engineering solutions.
3. Research to is emerging that suggests that the biological impacts of blue rich
white lighting is dependant on both dosage and intensity.
4. Some, but not all of the studies presented herein, account for both dosage
and intensity.
5. Full citations are included for every study reference.

Human health effects
Research emerging since 1990 implicates disruption of melatonin cycles from
exposure to artificial light at night in;
• Sleeplessness
• breast and prostate cancers,
• obesity,
• Diabetes
• heart disease, and
• Depression.

Brainard et al (2015), Cho et al (2015), Natalia Rybnikova et al (2015)’ AMA 2016

Human health effects
How does exposure to light at night
affect humans?
• Retinal cells in the eye, called
melanopsin, regulate the
(melatonin based) circadian cycle
(Blenky et al 2003)
• BLUE light is the most important
wavelength in setting the cycle
(Lockley et al 2003) .

Human health effects
Hormones and the human circadian cycle
• Melatonin is secreted when the sun sets
(the sleepy hormone)
• Cortisol is secreted in the morning and
declines at night (a stress hormone,
increases blood pressure)
• Light at night disrupts both these cycles;
• suppressing melatonin so we don’t
feel sleepy and
• keeping cortisol/blood pressure
levels high – leading to health
impacts

Human health effects - LEDs
LED lights are particularly concerning because they are often enriched in blue wavelengths which
strongly suppress melatonin.

Ecological effects
Research published since 2000 has shown light pollution
mediated changes in the behavior and ecology of;
• plants,
• invertebrates,
• fish,
• amphibians,
• reptiles,
• birds and
• mammals
Rich and Longcore, (2006), Davies et al (2014), Hölker et al (2010), Gaston et al (2013), Gaston and Bennie (2014), Firebaugh & Haynes (2016),
Da Silva et al (2015), Lewanzik and Voigt (2014), Brüning et al (2015)

Birds
Shearwaters
• Nest in burrows on the coast
• Active at night
Fledglings;
• leave their nests at night,
• are attracted to lights during their first flights
(nest to open ocean)
• Can be attracted back onto the land by lights
• When grounded, risk injury or death by;
• collisions with human infrastructure
• predation
• road casualties.

Shearwaters – Case Study
Objectives/Background

Results and Conclusions

•

Investigate the impact of light on
shearwater fledglings

•

39% of 8871 fledglings found were dead or
dying.

•

Shearwater colonies - Phillip Island,
Australia,

•

Mortality increased with increased traffic on
holiday periods.

•

Covered a 15-year period (1999–2013).

•

•

the number of grounded and dead birds
was investigated

Turning the road lights off decreased the
number of grounded birds (dead and alive).

•

Reducing light pollution and better traffic
management can mitigate artificial lightinduced mortality.

•

Tested if birds were attracted to lights
by turning the lights off on a section of
the road.

Marine turtles
Newly hatched marine turtles;
•

Use light cues to find the ocean,

•

Respond to both wavelength (color) AND intensity,

•

See all light across the visible spectrum, most attracted
to;
•

short vs long wavelengths

•

high vs low intensity light

•

Orient away from tall dark horizons – dunes, tree line,

•

Orient towards low wide brighter horizons - moonlit
and starlit ocean,

•

DO NOT crawl towards the moon (see previous point),

•

Are impacted by both direct lights and sky glow,

•

Misorientation and disorientation from light can occur
over tens of kilometers.

Marine Turtles
2016 study from Mon Repos Qld, looked at impact of LED lights on
loggerhead hatchlings.
Findings (Robertson et al, 2016);
• Amber LED lights (peak 620nm) disrupted hatchling seafinding,
• Disruption worse on new (dark) moon nights,
• High intensity red LED lights (peak 640nm) also impacted
behavior.
• Smart Lighting controls such as dimming and/or turning lights off,
together with physical shielding of lights, should be considered in
the vicinity of marine turtle nesting sites.
There is no such thing as a “turtle friendly” light

Mammals
Tammar wallabys (Macropus eugenii)
• Study site on Garden Island in WA.
• Two populations studied,
• bush population remote from artificial light

• urban population adjacent to the Garden Island
naval base.
• The urban pollution gave birth 1 month after the bush
population,

• The delay in birth was statistically correlated to the
light levels.

Mammals
Tammar wallabys cont.
Light pollution;
• masks seasonal changes in ambient light cues,
• Suppress melatonin levels, delaying births.
Consequently;
• high energy needs of young wallaby's do not
match the peak in food availability

• This causes a reduction in offspring survival
rates
These findings have implications for mammals
globally.

Reducing ALAN
Recognising that LED lights are here to stay, the IDA, environmental
managers and scientists recommend reducing light pollution by;
• Targeting light to the task,
• Using full cut off fixtures to stop sky glow
• Using Smart Controls to manage lighting intelligently

Reducing ALAN
• Reducing light intensity,
• Selecting bulbs with a colour
temperature of 2700K or less
• Using blue light blocking coatings on
the inside of LED and compact
fluorescent bulbs.
• Use Smart Controls to dim or extinguish
individual lights

Conclusion
• The global spread of light pollution is growing annually
• Emerging research implicates light pollution in;
• human health impacts, and
• Biological disruption in a wide range of flora and fauna
• Bright white LEDs enriched in short wavelength blue light is
of most concern for human and ecological health.
• Engineering solutions are now available to precisely manage
individual lights.
• Smart Lighting is emerging as a critical aspect in minimising the
potential biological and human health impacts of ALAN.
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