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Part 1. Dark & Quiet Skies Il Introduction

Figure 1.1: Starlink trails from objects deployed during Flight 6 are seen in this panoramic view of the night sky. Photo by Mike
Lewinski, licensed under CC BY 2.0.

“Interference of our view of the sky caused by ground-based artificial lights, optical and infrared trails of
satellite constellations, and radio transmission on the ground and in space is an existential threat to
astronomical observations. Viewing the night sky has been culturally important throughout humanity’s
history, and dark skies are important for wildlife as well. This D&QS Il Conference helps address the
mitigation efforts we can take to minimize the unintended negative impacts of our technological advances.”

— Debra Elmegreen, International Astronomical Union President

Foreword

This Report presents the main results of the Conference “Dark and Quiet Skies for Science and
Society II” which took place on-line on 3-7 October 2021. This conference was the logical follow-up of
the first one, organized as an on-line workshop with the same title on 5-9 October 2020. Both
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conferences were co-organized by UNOOSA, IAU and the Government of Spain and were well attended.
The focus of the second conference was about the feasibility of implementing the recommendations
presented by the first one in its extensive report. The main qualifying difference between the first and

the second conferences was a more explicit involvement of the industrial stakeholders and of space
policy experts, whose contributions were instrumental in presenting a credible review of the proposed
mitigating measures as well as of possible regulatory guidelines.

As better explained in the report, the main findings of the conference are also being presented to the
59th Session of the Scientific and Technical Sub Committee (STSC) of COPUOS in the form of a Working
Paper.

1. The origins of the Dark and Quiet Skies for Science and
Society conferences

The International Astronomical Union (IAU), representing more than 12,000 professional astronomers
from about 90 countries, has as its mission the promotion and safeguard of the science of astronomy
in all its aspects. In 2017 the IAU approached the UN Committee for the Peaceful Use of Outer Space
(COPUOQS), proposing to include the protection of the astronomical sky within its mandate. COPUOS
asked the UN Office for Outer Space Affairs to co-organize a Conference with the title Dark and Quiet
Skies for Science and Society, its aim being to assess the impact of any artificial interferences affecting

the visibility of the sky and the detection of cosmic radio signals.

At the time, the potential for interference by the large satellite constellations was not yet known, but
by the time the first conference was organized in October 2020 it had become the most serious
problem and more aligned to the primary mission of COPUOS. The advantages to society that the
communication constellations are offering cannot be disputed, but their impact on the pristine
appearance of the night sky and on astronomy must be considered with great attention because they
affect both the cultural heritage of humanity and the progress of science.

The Conference could not be held in-person, because of the Covid-19 pandemic. Instead, an online
Workshop took place in October 2020, resulting in specific recommendations for mitigating the impact
of artificial interferences. They were presented to the Scientific and Technical Sub Committee of
COPUOS (STSC) in April 2021 and received the attention of several Delegations. The UN/Spain/IAU
Conference took place in October 2021, focusing on the feasibility of implementing adequate
mitigating measures. These will be presented at the STSC meeting in February 2022.

Dark and Quiet Skies Il for Science and Society 11
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2. The three categories of artificial interferences negatively
impacting astronomical observations

The Dark and Quiet Skies Il conference in October 2021 and its report focused on the three categories
of artificial interferences that negatively impact astronomical observations:

e Theurban illumination or artificial light at night;
e The optical/infrared trails of satellites in low Earth orbits;
e Theradio transmission by ground and space emitters that affects radio astronomy.

2.1 The urban illumination or artificial light at night

The interference by artificial light at night (ALAN), that affects both amateur and professional
astronomers, has become an acute problem with the advent of the light-emitting diode (LED),
particularly those with a high level of blue light. The IAU has established a recommended maximum
tolerable threshold of light pollution for astronomical sites of 10% above natural background levels.
Light pollution is growing globally at an estimated rate of 2% to 6% per year and is reducing darkness
everywhere, including at observatory sites where world-class sites risk hitting the 10% threshold in the
next decade. In addition to the impact on astronomy, ALAN may have significant biological effects, to
flora and fauna, both vertebrates and invertebrates, which requires further study by appropriate
experts.

2.2 The optical/infrared trails of satellites in low Earth orbits

The new satellite constellations, made of thousands of satellites in low Earth orbit (LEO) being
launched by private companies and governments, play a role in telecommunications on Earth.
However, these new constellations have a serious impact on the appearance of the night sky and on
astronomical observations. The problem is primarily related to the large number of satellites; by the
end of the decade it may be as high as 100,000. The visibility and brightness of a satellite during the
night depends on the altitude of its orbit (currently ranging from ~350 to ~1200 km) and on its surface
reflectivity and attitude with respect to the observer. A fraction of the satellites will be visible by the
naked eye (those with magnitude <7), but all of them are potentially detectable by highly sensitive
telescopes’ detectors. Therefore, they leave traces of their transit on astronomical images, significantly
decreasing the scientific usability of the collected data. Post-processing of the affected images only
partially remedies the problem: the brighter trails may saturate the detectors, making portions of
images unusable, while the removal of the fainter trails leaves residual effects that seriously affect
important scientific programs, as, e.g., statistical, automated surveys of faint galaxies.
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The impact of the large satellite constellations on optical/infrared astronomy is also affecting
telescopes with large fields of view as well as the automated searches for fast-moving objects, like the
International Asteroid Warning Network (IAWN), a programme initiated and supported by the UN
Office of Outer Space Affairs and aimed at detecting potentially dangerous near-Earth objects (NEOs).

2.3 The radio transmission by ground and space emitters that affects
radio astronomy

The protection of radio astronomical observations, known as spectrum management, is the
responsibility of the Radio Communication Sector of the International Telecommunication Union
(ITU-R). The Radio Regulations provide allocations for various services, including radio astronomy
under the radio astronomy service (RAS). Indeed, radio astronomy has a long history of negotiation
activity aimed at protecting frequency bands of astronomical interest from harmful interference
generated by artificial radio emissions within the wavelength range of astronomical interest.

However, the situation created by the new large constellations of telecommunication satellites poses
new threats to radio astronomy which deserve further study. In particular, the Dark and Quiet Skies Il
report recommends that satellite designs should have the capacity to avoid direct illumination of radio
telescopes and radio-quiet zones and the cumulative background electromagnetic noise created by
the constellations should be kept below the limit agreed by the ITU.

3. The role of intergovernmental bodies and private
enterprises now and in the future

The STSC, in its 2021 report of the 58th Session, encouraged the UNOOSA to engage with all relevant
stakeholders, including the IAU, on the matter of dark and quiet skies as it relates to the mandate of
the STSC and its subcommittees. It also highlighted that the second conference on Dark and Quiet
Skies could provide inputs to a focused discussion on opportunities for international cooperation.
Indeed, the private companies that are currently launching or planning to launch the constellations
were invited to participate in the conference and contributed effectively to the discussion about the
mitigating measures that could be implemented. Some of them had already tried to modify the design
of their satellites in order to lower their apparent luminosity in orbit.

More work has to be done, but it is clear that, in parallel with the definition of internationally agreed
guidelines, a close collaboration between industry and the astronomical community will be
instrumental in mitigating the negative effects. This action is particularly important for the future
foreseeable satellite constellations. The Industry Subgroup of the conferences concluded that satellite
operators were more likely to adopt voluntary practices or mitigation tools if they engaged with
astronomers early in their project cycle, before spacecraft designs were finalized and when
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modifications to architectures, spacecraft design or operations could be introduced at less cost or
impact on the schedule.

To provide a pathway forward toward solutions the IAU has recently announced the constitution of a
coordination centre that will continue to foster dialogue between all the stakeholders and the

astronomers.
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Figure 1.1: City of Athens by night, Athens metropolitan area, Greece. Credit: Costis Bouroussis, Greece.

Part 2. Artificial Light at Night Working
Group

“Since the introduction of urban illumination more than a century ago, the visibility of the pristine starry
night sky has been gradually fading. In recent times, the level of the artificial light at night (ALAN) has been
rocketing, especially through the advent of the new illumination devices (LEDs, or light-emitting diodes)
which, because of their low energy consumption and high content of blue light, contribute to an exponential
increase of the light pollution in vast regions of the globe. It is estimated that entire generations living in
inhabited areas not only never experienced the vision of the Milky Way, but rarely saw even the brighter
constellations: visions that inspired humanity for millennia!

ALAN is not only cancelling a precious cultural heritage, it is also affecting the progress of science: light
pollution propagates through the atmosphere with no boundaries and it is now threatening the remote sites
where major astronomical facilities are operating. In addition, there is convincing evidence that ALAN is also
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negatively affecting the environment, biological systems and human health. Actions to reverse all these
negative aspects are urgently needed.

The reports of the Conferences Dark and Quiet Skies for Science and Society | and Il present a detailed
analysis of the impacts of ALAN, and the current report in particular indicates clear and simple guidelines to
prevent further damage and eventually reduce it. While the recently constituted IAU Centre for the Protection
of the Dark and Quiet Sky from Satellite Constellation Interference will concentrate on mitigating the
negative interference caused by the large satellite constellations (an action that has to be taken at
international level), the IAU will continue to encourage all members of society to act on their local, regional
and national authorities, making them aware of the negative effects of ALAN and promoting the
introduction of mitigating requlations.”

— Piero Benvenuti, Professor Emeritus, University of Padova; Director, IAU Centre for
the Protection of the Dark and Quiet Sky from Satellite Constellation Interference

Chapter 1. Policy Summary

Taking action to protect the peaceful use of outer space for all

This document presents a summary of the findings and recommendations of the Artificial Light at
Night Working Group (ALAN WG) of the United Nations / Spain / International Astronomical Union Dark
and Quiet Skies Il (D&QS2) conference, held virtually in October 2021. It is intended as a high-level
overview for policy-makers on artificial light at night (ALAN), light pollution, the importance for the
COPUOS mission of controlling them, and recommended approaches to controlling them.
Accompanying this Policy Summary are two additional supporting documents: (1) a Technical
Guidance report, and (2) a more detailed Policy Framework and Applications Guidance report.

The charge of the D&QS2 ALAN WG was to build on the work of the first Dark and Quiet Skies for
Science and Society conference (D&QS1), held in 2020, and its report?, published in 2021, which
contains consensus conclusions about ALAN from the perspectives and recommendations for a
protective framework against the negative impacts of light pollution from three separate working
groups: (1) protecting astronomical observatory sites, (2) dark sky oases, and (3) the bio-environment.
The current ALAN WG aimed to merge and develop those recommendations into actionable goals to
propose to UN COPUOS and its member states.

Below we first summarize our findings and recommendations, and then expand on them briefly.

2 https://www.iau.org/static/publications/dgskies-book-29-12-20.pdf
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1. The top-level findings

The top-level findings are:

The mission of COPUOS is to govern the exploration and use of space for the benefit of all
humanity: for peace, security, and development.

The easiest and most distributed, economical, democratic and powerful way to explore the
cosmos scientifically is with the use of astronomical telescopes based on the ground.
Ground-based telescopic observations are critical to multiple aspects of the COPUOS mission.

o There are 40 telescopes in the world with apertures in the range of 3 to 11 meters,
supplemented by a global network of thousands of small- to moderate-aperture
telescopes. These projects represent a huge technological achievement and confirm
the validity of international cooperation.

o Much of the critical data for planetary defense against near-Earth objects; the census
of orbiting objects; and astronomical and planetary science research come from this
network of ground-based telescopes that is not and cannot be duplicated in orbit.

The rapid increase in ALAN threatens this international investment and the COPUOS mission.

o The International Astronomical Union (IAU) has established a maximum tolerable
threshold for the increase of sky brightness at astronomical sites of 10% above natural
background levels.

o Light pollution is growing globally at an estimated rate of 2 to 6% per year and is
reducing darkness everywhere, including at observatory sites where world-class sites
risk hitting the 10% threshold in the foreseeable future, and many smaller sites are
already impaired.

For the vast majority of people on the planet, the peaceful use of outer space starts with being
able to look up and see the stars. It is estimated that 83% of people on the Earth live under
light-polluted skies, many unable to see the Milky Way.

Many Indigenous and traditional communities rely on the stars for cultural connections, for
navigation purposes, and to ensure that their traditions are passed to future generations.
Artificial light at night negatively affects most biological groups, both flora and fauna,
vertebrates and invertebrates, and negatively affects the functioning of ecosystems and the
free services that they provide to human societies, including pollination of food crops. Light
pollution interacts with climate change, air pollution and biodiversity degradation, and
presents an additional stressor on the environment.

Existing outdoor lighting is being rapidly replaced worldwide with light-emitting diode (LED)
technology that has the potential to significantly reduce light pollution by controlling
directionality, spectral response, dimming, and timing. Unfortunately, the high efficiency and
low cost of LEDs combined with misinformation and misguided political decisions are instead
leading to an increase in the total quantity of light and a significant increase in the proportion
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of blue in the light spectrum, which is especially detrimental to the natural darkness of the
night sky and astronomical observations, to human health, and to flora and fauna.
Adequate and well designed outdoor lighting can enhance community well-being by
promoting social activities, but too much light at night, especially in the blue part of the
spectrum, can have detrimental health effects. Scientific studies show that higher levels of
intrusive light are associated with increased rates of cancer, diabetes, obesity, and mood
disorders.

As natural darkness has become scarce, it has become a valuable resource to support
sustainable economic development through astro-tourism and nature-based tourism.
Light pollution does not recognize national boundaries; therefore, solutions need to be
regional and international in scale.

2. Recommendations

Here are the three recommended main actions for COPUOS to consider:

2.1

2.2

Endorse the overarching goal of reducing ALAN: We call on COPUOS to endorse the goals (i) to
reduce, stop, and then reverse, on the timescale of a decade, the growth of ALAN, including the
contribution by artificial satellites and space debris, that impacts critical areas such as
astronomical observatories and sensitive environmental areas; (ii) to keep the total
contribution to skyglow from ALAN substantially below the 10% dark site limit defined by the
IAU; and ultimately, (iii) to control and reduce light pollution where it is mainly produced: in
human population centers including cities and towns, and in industrial and agricultural
production centers.

Endorse a policy framework for controlling ALAN: More specifically, authorities should
recognize the value of naturally dark locations as essential resources that support the COPUOS
mission, astronomy, the health of ecosystems, and human health and well-being:
Each member state of COPUQOS should develop its own set of rules and regulations concerning
ALAN and the protection of the night sky.
Authorities should identify, preserve and restore sensitive dark sites, including astronomical
observatories and natural environments. These sensitive dark sites should not be illuminated
unless safety is at stake.
Authorities should develop and implement regional plans to ensure the long-term protection
of the nighttime environment, including the establishment of total acceptable illumination
budgets for each region.
Authorities should adopt the following principles for outdoor lighting:

o Light should have a clear and useful purpose, and should be designed and installed so

as to minimize negative effects on the night sky, human health, and the environment.
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Before installing or replacing a light, determine if light is needed, and how important
the need is. Consider how the use of light will impact the area, including wildlife and
the environment. Consider using reflective paints or self-luminous markers for signs,
curbs, and steps to reduce the need for permanently installed outdoor lighting.

o Light should be directed only where needed. Use shielding and careful aiming to target
the direction of the light beam so that it points downward and does not spill beyond
where it is needed.

o Light should be no brighter than the minimum level required for the intended
application. Be mindful of surface conditions as some brighter surfaces may reflect
more light into the night sky than intended.

o Light should be used only when it is useful. Use controls such as timers or motion
detectors to ensure that light is available when it is needed, dimmed when possible,
and turned off when not needed.

o Light should be of a warmer color where possible. Limit the amount of shorter
wavelength (blue-violet) light to the least amount needed.

2.3 Coordinate with related UN-level agencies: We call on COPUOS to recommend that the UN
Office of Outer Space Affairs (UNOOSA) coordinate with other United Nations agencies and
parties responsible for international agreements, including the International Union for
Conservation of Nature; the UN Environmental Programme; the Convention on the
Conservation of Migratory Species; the World Health Organization; and the UN Declaration on
the Rights of Indigenous People to raise awareness of the harmful impacts of light pollution
and coordinate efforts to reduce it globally.

3. Control of ALAN is critical to the mission of COPUQOS

Ground-based telescopic observations are critical to multiple aspects of the COPUOS mission. They
provide the essential data for planetary defense, the earliest possible detection of potentially
hazardous asteroids. The census of orbiting objects, from major scientific facilities such as the Hubble
Space Telescope to clouds of debris, is kept updated by a network of small- to moderate-aperture
telescopes around the world. Ground-based observations are necessary in most cases to provide
targets and full astrophysical interpretation of observations made by telescopes in orbit. And they
fulfill a primary aspect of the COPUOS mission (as included in the wording that defines the purpose of
COPUOS, set out in UN Resolution 1472 (XIV)) by enabling “continued research and the dissemination of
information on outer space matters”. To the extent that glare, skyglow, and over-illumination from
ALAN obscure faint objects and inhibit their detection, these aspects of the COPUOS mission are
compromised.
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Much of the critical data for astronomical and planetary science research come from a suite of major
ground-based telescopes that is not and cannot be duplicated in orbit. That is because ground-based
optical/infrared telescopes can be built at a substantially larger scale and much lower cost per unit
collecting area than those launched into orbit. There are 40 telescopes in the world with apertures in
the range 3-11 meters, sited in the US, Chile, Spain, South Africa, Russia, China, Australia and India,
constituting a world-wide investment (e.g.,

https://en.wikipedia.org/wiki/List of largest optical reflecting telescopes; also see Figure 1.2). With
the launch of the James Webb Space Telescope, there will be only one such telescope in orbit,
following a multi-decade effort at a total cost close to US $10B.

Figure 1.2: World astronomical observatories. There are over 600 institutionally supported optical/infrared research telescopes
worldwide. An interactive map is at
https://www.google.com/maps/d/u/0/viewer?ie=UTF8&hl=en&msa=0&Il=-3.81666561775622e-14%2C13.870833000000005&spn=
172.105191%2C360&t=h&z=1&mid=1KmPNeOPItDHEisXli1UwuvNa4b4. Credit Nausicaa Delmotte.

Major ground-based observatories are typically funded and operated by international consortia. The
three largest telescopes planned for construction this decade in the 20-40-meter aperture range are
good examples: The European Southern Observatory is an international treaty organization with 17
member nations; the Thirty-Meter Telescope project has university and governmental partners from
five countries; and the Giant Magellan Telescope project has institutional partners from five countries.
These telescopes will be situated in locations where control of ALAN is subject to local or national
regulations. Space agencies fund the operations of some smaller ground-based telescopes directly to
obtain specific mission-critical data. The needed reduction in the growth of ALAN goes counter to two
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trends, population growth and economic development, so it requires political will. COPUQOS
endorsement of the protection of ground-based observing sites and other critical areas will provide
strong impetus for national and local governments to provide such protection.

Astronomical observations are not done exclusively by professional observatories, but also by
amateur astronomers. For over 100 years, devoted amateur astronomers have discovered comets,
searched galaxies for supernovae, and crowd-sourced monitoring campaigns of variable stars. More
recently, a world-wide network of amateurs has contributed many thousands of person-nights of
observing time to confirming exoplanet candidates in support of missions such as NASA’s Transiting
Exoplanet Survey Satellite (TESS). Given the significant contributions to astronomical science by
amateurs, it is alarming that 83% of the world’s population lives under light-polluted skies’. It is
therefore critical not to limit the effort to reduce light pollution to only those regions directly related to
professional astronomy, but to protect the natural darkness of the night sky in general, including over
areas of dense human population such as cities.

4. Broader benefits of controlling ALAN

As discussed in the first D&QS report, ALAN is generally seen as a net positive, with many benefits to
society, such as extending the opportunity for leisure and commercial activities into the hours of
darkness. As such, ALAN represents great technological progress and is a ubiquitous feature of modern
society.

However, light pollution has been recognised as a threat not only to ground-based astronomy, but also
to the natural world and human health on local and global scales, and it is growing exponentially in
terms of its geographic presence and reach. The identification of light pollution’s effects and the
development of methods to reduce them has become an area of transdisciplinary research and
knowledge exchange. Research results increasingly identify human over-consumption of ALAN as the
fundamental driver of light pollution?, and identify the main challenge as how best to maximize the
benefits of outdoor light at night while simultaneously limiting its costs in both environmental and
financial terms”.

Of the world population, more than 80% of all people and more than 99% of the US and European
populations live in places where the night sky is fouled by light pollution®. Between 1992 and 2017, the

®Falchi et al. 2016. The New World Atlas of Artificial Night Sky Brightness. Sciences Advances 2:€1600377

*Leng, W., He, G., & Jiang, W. (2019). Investigating the Spatiotemporal Variability and Driving Factors of Artificial Lighting in
the Beijing-Tianjin-Hebei Region Using Remote Sensing Imagery and Socioeconomic Data. International Journal of
Environmental Research and Public Health, 16(11). doi:10.3390/ijerph16111950.

* Gaston K, et al. (2013). Benefits and costs of artificial nighttime lighting of the environment. Environmental Reviews, 23(1),
14-23.d0i:10.1139/er-2014-0041.

¢ Falchi, F., et al. (2016). The new world atlas of artificial night sky brightness. Science Advances, 2(6).
doi:10.1126/sciadv.1600377.
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amount of artificial light directed upward into space on a per-country basis increased by an average of
270%, with some countries’ light emissions increasing by as much as 400%’. This artificial brightening
of the night sky obscures the stars and the Milky Way, forcing a separation of most humans from
millennia of inspiration, science, solace, and cultural heritage. Today, many Indigenous and religious
groups around the world continue to turn to the starry sky for connection to their ancestors and their
cultural practices; for many of them, light pollution erases those cultural connections, and thus has

been likened to a form of “cultural genocide”®.

ALAN, especially in the short-wavelength blue part of the visible spectrum, has been shown to have
adverse and detrimental effects on human biology. There is a wide variation in sensitivity to ALAN
exposure in humans, and safe dosage thresholds are not clearly established. Despite this uncertainty
there are clear indications that ALAN has effects on humans®. People who live in regions with a high
level of outdoor ALAN with subsequent light leakage through windows into bedrooms experience
suppression of melatonin production during sleep hours. Suppression of melatonin disrupts the
circadian rhythm'®* that governs everything from the timing of hormone secretion to the sleep-wake
cycle. This melatonin suppression can occur at surprisingly low levels of light leakage. ALAN has been
associated with metabolic disorders and related morbidities, including obesity*?, diabetes™, and
certain types of hormonally linked cancer* such as breast and prostate among others. Finally, glare
from poorly shielded street lighting is a driving hazard that increases in severity with advancing age,

and is a road hazard for all drivers.

ALAN exposure is known to harm a vast array of species on Earth from the level of the individual up to
entire populations and ecosystems®. Wasted outdoor light at night is also wasted energy. The United
Nations Environment Program estimates that a transition to energy-efficient lighting would reduce

" Sanchez de Miguel, Alejandro, Jonathan Bennie, Emma Rosenfeld, Simon Dzurjak, and Kevin J. Gaston 2021. "First
Estimation of Global Trends in Nocturnal Power Emissions Reveals Acceleration of Light Pollution" Remote Sensing 13, no. 16:
3311. https://doi.org/10.3390/rs13163311

® Hamacher D.W., de Napoli, K., and Mott, B. 2020. “ Whitening the Sky: light pollution as a form of cultural genocide. Journal
of Dark Sky Studies, Vol. 1. https://arxiv.org/abs/2001.11527

® Zielinska-Dabkowska, K. M. Make lighting healthier. Nature 2018, 553, 274-276, doi:10.1038/d41586-018-00568-7
*Walmsley, L., et al. (2015). Colour As a Signal for Entraining the Mammalian Circadian Clock. PLoS Biology, 13(4), €1002127.
doi:10.1371/journal.pbio.1002127.

1 Kumar, P, et al. (2019). Artificial Light Pollution at Night: A Risk for Normal Circadian Rhythm and Physiological Functions in
Humans. Current Environmental Engineering, 6(2), 111-125. d0i:10.2174/2212717806666190619120211.

12 Rybnikova, N., Haim, A., & Portnov, B. A. (2016). Does artificial light-at-night exposure contribute to the worldwide obesity
pandemic? International Journal of Obesity, 40(5), 815-823. doi:10.1038/ij0.2015.255.

B Opperhuizen, A.- L., et al. (2017). Light at night acutely impairs glucose tolerance in a time-, intensity- and
wavelength-dependent manner in rats. Diabetologia, 60(7), 1333-1343. d0i:10.1007/s00125-017-4262-y.

" Anbalagan, M., et al. (2019). SAT-337 Disruption Of The Circadian Melatonin Signal By Dim Light At Night Promotes
Bone-lytic Breast Cancer Metastases. Journal of the Endocrine Society, 3(Supplement_1). doi:10.1210/js.2019-SAT-

5 Falcén, J., Torriglia, A., Attia, D., Viénot, F., Gronfier, C., Behar-Cohen, F., Martinsons, C., & Hicks, D. (2020). Exposure to
Artificial Light at Night and the Consequences for Flora, Fauna, and Ecosystems. Frontiers in Neuroscience, 14.
https://doi.org/10.3389/fnins.2020.602796.
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global electricity demand for lighting by 30-40% in 2030'°. However, the exceptionally rapid global
transition to solid state lighting (SSL) in the name of energy efficiency has inadvertently worsened the
problem of light pollution by making outdoor light at night cheaper to produce, fueling higher
consumption. As ALAN has become cheaper to produce, its consumption has increased substantially;
humans now consume thousands of times more lumens than they did in the past'’ — an example of
the Jevons Paradox™.

There is also increasing evidence that ALAN interacts with other stressors in the bio-environment like
climate change and air pollution. ALAN therefore cannot be evaluated or mitigated as an isolated
problem, but is part of the current global threat to our survival.

Among the causes of light pollution is the popular belief that the use of outdoor light at night
necessarily improves road and traffic safety and discourages or prevents the perpetration of both
violent and property crimes. While under certain circumstances the careful application of outdoor
lighting may improve nighttime safety, this belief is not grounded in peer-reviewed scientific evidence.
As concerns the impact of outdoor lighting on both crime and road safety, a survey of the literature
reveals conflicting results. In a 2018 paper, Fotios and Gibbons write, “recommendations for the
amount of light [for drivers and pedestrians] do not appear to be well-founded in robust empirical

evidence, or at least do not tend to reveal the nature of any evidence”*

Given the wide range of negative effects of ALAN on the bio-environment, human health, and cultural
and religious practice, regulations adopted for the protection of astronomical observation sites would
also lead to much broader benefits. Maximizing the benefits of ALAN while minimizing its
environmental and financial costs will help state budgets, protect and restore natural habitats,
promote human health and well-being, promote socio-economic development especially in rural
areas, and minimize harmful greenhouse gas emissions.

The task of stopping the growth of and reducing light pollution should therefore be coordinated
among organizations concerned with the different aspects of light pollution, including environmental
conservation, protection of human health, and protection of cultural heritage. Though COPUOS will
most likely focus on areas related to astronomical observatories, COPUOS should work towards
protecting dark skies and abating light pollution worldwide in cooperation with other United Nations
agencies and parties responsible for international agreements, including the International Union for

16 Accelerating the Global Adoption of Energy Efficient Lighting, UNEP United for Efficiency Policy Guide Series, 2017

" Fouquet, R., & Pearson, P. J. (2006). Seven centuries of energy services: The price and use of light in the United Kingdom
(1300-2000). Energy Journal, 27,139-177. No doi. https://www.jstor.org/stable/23296980.

'8 Arrobbio 0. (2019) Maladaptation to Resource Scarcity: The Jevons Paradox. In: Leal Filho W., Azul A, Brandli L., Ozuyar P.,
Wall T. (eds) Climate Action. Encyclopedia of the UN Sustainable Development Goals. Springer, Cham.

h : i.0rg/10.1007/978-3-319-71 -1 115-1,
https://link.springer.com/referenceworkentry/10.1007%2F978-3-319-71063-1 115-1#howtocite

¥ Fotios, S., & Gibbons, R. (2018). Road lighting research for drivers and pedestrians: The basis of luminance and illuminance
recommendations. Lighting Research & Technology, 50(1), 154-186. d0i:10.1177/1477153517739055.
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Conservation of Nature; the UN Environmental Programme; the Convention on the Conservation of
Migratory Species; UNESCO; the World Health Organization; and the UN Declaration on the Rights of
Indigenous People.
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Chapter 2. Regulations, Laws, Rules, Policies, Models and
Application Guidance

This report builds upon the conclusions from the Dark & Quiet Skies for Science and Society
conference related to ALAN.”® While that document included many recommended practices, the
top-level goal was simple:

“The goal of the model regulatory framework proposed in this document is to slow, stop, and
reverse the rate of increasing artificial skyglow at major professional observatories in no more
than a decade and on shorter timescales wherever possible.”

The specific goal is to keep the total contribution of ALAN at major astronomical observatories and
sensitive environmental sites substantially below the 10% dark site limit defined by the IAU. This must
include consideration of ground-based ALAN, in addition to increases in sky brightness due to
satellites and space debris.

This document provides principles and a legal framework to balance the problems that ALAN can
cause against the benefits that light at night can offer. Without immediate concerted action, the
rampant growth of light pollution will continue, and we will lose the world’s remaining dark skies. This
will certainly be an irreplaceable loss to professional astronomers, but the impact will also be felt by
every person and every living thing on the planet.

To achieve this goal, we recommend adopting two complementary strategies in order to reduce ALAN
to sustainable levels:
e Establish regional lighting master plans through zonal lumen caps that support the protection
of Dark Sky Oases.
e Implement control at the level of light installations to minimize wasted light to the greatest
extent practicable.

These should be implemented at the regional, country, and local level, through a combination of laws,
policies, and incentives. We believe that a simple, practical, balanced approach with a consistent
regulatory framework will support the protection and restoration of natural darkness and allow
everyone to enjoy the benefits of sustainable outdoor lighting. As identified in the D&QS1 report,

% ALAN is light that, due to humans, is introduced into the natural or built environment during night time. Light pollution is
defined as the alteration of natural lighting levels as a consequence of ALAN.
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where current regulations or regionally referenced professional lighting authorities place tighter
limits, those should take precedence in all cases.

This document includes: (1) A summary of policy approaches and a comparison of ALAN to other
common pollutants; (2) an overview of recommended principles and legal framework; and (3) a
summary of existing laws, policies, and regulations on ALAN and light pollution.

1. Introduction

1.1 Overview of lighting policies

The development of rules against light pollution started in the 1950’s. The first activists against highly
illuminated skies were astronomers. As a result of their actions, the first dark-sky protection law was
adopted in the City of Flagstaff, Arizona in 1958!. The main purpose of the ordinance was the
protection of Lowell Observatory from searchlights. Since then, light pollution laws and policies have
emerged in many jurisdictions around the globe.

Currently, light pollution laws and policies are adopted at different levels from international to local.
Most of them are focused on only some aspects of ALAN and light pollution, mostly energy efficiency
and dark sky protection. Other aspects have not received due attention, thereby reducing the
effectiveness of legal measures taken to address light pollution consequences. There are very few
examples of a comprehensive approach at a significant scale, with a handful of proposals in process
(e.g., Spain, Italy, Chile). Another problem of the existing light pollution regulations is enforcement,
especially for privately owned luminaires. In addition, many types of public lighting may be excluded
from coverage in the name of public safety. Lack of an effective controlling system on the
implementation of light pollution measures reduces the implementation level.

1.2 Comparison of ALAN with other pollutants

It is informative to compare the growth in light pollution over recent years with other common
pollutants. A recent study? calculated that over a 25-year period between 1992 and 2017, light
pollution has grown at least 49%, as shown in Figure 2.1. Owing to the difficulty in measuring
short-wavelength emissions, the true increase averages 270%, with some emissions increasing by as
much as 400% in specific regions.

2 https://www.flagstaff.az.gov/4042/International-Dark-Sky
22 sanchez de Miguel A, Bennie J, Rosenfeld E, Dzurjak S, Gaston K.J. First Estimation of Global Trends in Nocturnal Power
Emissions Reveals Acceleration of Light Pollution. Remote Sensing. 2021; 13(16):3311. https://doi.org/10.3390/rs13163311
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Figure 2.1. Model of global power emitted in a blue-bandpass filter based on satellite data taken at longer wavelengths. The
upper envelope growing from ~2010 represents a model assuming all LEDs were chosen to have correlated color temperature of

4000 K. The intermediate curve represents 3000 K, while the lower curve through the data points assumes 2000 K. From Sanchez

de Miguel et al. 2021. https://doi.org/10.3390/rs13163311

This is in stark contrast to air quality trends in both Europe and the US. As shown in Figure 2.2 from the
European Environment Agency, all other major indicators of air quality have improved since 2000 even
while gross domestic product (GDP) has increased®.

2 Air Quality in Europe — 2020 report, EEA Report No 09/2020.
https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report
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Figure 2.2: Major indicators of air quality (solid lines) have improved (decreased) in Europe since 2000 while GDP has increased.
https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report

Similarly, in the US, as reported by the EPA, air quality improved across the board over the period
2000-2020, as shown in Table 1. Over the same period, the US GDP doubled from approximately $10
trillion to $20 trillion.
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Percent Change in Air Quality
1980 vs 1990 vs 2000 vs 2010vs
2020 2020 2020 2020
Carbon Monoxide -81 -73 -57 -12
Lead -98 -98 -93 -86
Nitrogen Dioxide
) -67 -61 -53 -29
(annual)
Nitrogen Dioxide (1-
) -64 -54 -39 -21
hour)
Ozone (8-hour) -33 -25 -20 -10
PM1g (24-hour) -26 -27 +9
PM; s (annual) - -41 -18
PM; s (24-hour) - -30 +3
Sulfur Dioxide (1-hour) -94 -91 -85 -74

Table 1: Change in air quality indicators in the United States from 1980 to 2020. Air quality improved even while GDP doubled.

Source: https://www.epa.gov/air-trends/air-quality-national-summary

This shows that when concerted efforts to control certain pollutants are applied, they can be

successful on decade timescales and national and regional levels, in contrast to light pollution, which
has only worsened over the last 25 years.

1.3 Impacts of light pollution

Light pollution is a concern on many fronts, including astronomy, ecology, human health, energy,
climate change, safety, state budgets, human rights and beyond. Below are some examples of light

pollution impacts:

e ALAN has a significant carbon footprint. Combined, it is estimated that electrical light
sources are responsible for around 1/6 to 1/5 of worldwide electricity production®. It is
estimated that about 275 TWh is due to road lighting. By adding all other outdoor lights for
advertising, residential, industrial, tertiary and sport facilities, at least 400 TWh can be
estimated to be consumed, implying some 200 billion (2x10") kg of CO, produced yearly to
sustain outdoor lighting. This is more than 0.5% of the 3.5x10" global CO, emissions
(https://ourworldindata.org/co2-emissions). This figure does not consider the CO, for

# Zissis G. (2017) Energy Consumption and Environmental and Economic Impact of Lighting: The Current Situation. In:

Karlicek R., Sun CC., Zissis G., Ma R. (eds) Handbook of Advanced Lighting Technology. Springer, Cham.
https://doi.org/10.1007/978-3-319-00176-0 40
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producing, installing, maintaining and disposing or recycling all the infrastructure connected
with every luminaire.

e Astronomical research. In the State of Arizona, it is estimated that astronomy represents a
capital investment of $1.3 billion, supports 3300 jobs and generates an annual economic
return of $250 million to the state”. Investment in the astrophysics sector in the Canary Islands
in 2016 amounted to over 124 million euros and over 1500 full-time jobs. This is to say nothing
of the very significant social return on investment for basic research®.

e Dark Sky Tourism. A 2019 study®’ estimated that economic impact from dark sky tourism on
the Colorado Plateau in the United States was worth $5.8 billion over 10 years. Some 200,000
people per year visit Teide National Park in the Canary Islands to see the stars, over 50,000
people per year visit Mont Mégantic Observatory’s AstroLab in Québec, Canada, and over
35,000 per year visit Montsec Astronomy Park, Catalonia, Spain, with a local tourism annual
economic impact of ca. 3 million euros.

e Efficient Use of Light. The city of Tucson, Arizona saved $2.16 million per year in energy
savings by transitioning to a new streetlight system that also reduced skyglow?.

e Environment. While there are no specific studies on economic loss from light pollution on
wildlife, in 2008 scientists estimated that the worldwide economic value of pollinating insects
at €153 billion in 2005 for the main crops that feed the world®. A similar US study placed the
value at $29 billion to US farmers™®. Light pollution has been identified as one of the primary
factors leading to the current decline in insects, and hence pollinators, globally*.

e Health. The research has found a significant connection between increased amounts of indoor
and intrusive outdoor lighting and health problems, both mental and physical. The
deterioration of the natural day and night cycle contributes to various diseases and illnesses,

= https://azastronomy.org/economic-impact/

*E.g. Jones, B. & Summers, L. 2020. “A Calculation of the Social Returns to Innovation”
https://www.nber.org/system/files/working papers/w27863/w27863.pdf

7 Mitchell, David, and Terrel Gallaway. "Dark Sky Tourism: Economic Impacts on the Colorado Plateau Economy, USA",
Tourism Review (2019). https://bearworks.missouristate.edu/cgi/viewcontent.cgi?article=1007&context=articles-chpa

% https://www.darksky.org/nights-over-tucson/

2 Helmholtz Association of German Research Centres. "Economic Value Of Insect Pollination Worldwide Estimated At U.S.
$217 Billion." ScienceDaily. ScienceDaily, 15 September 2008.
www.sciencedaily.com/releases/2008/09/080915122725.htm

* https://news.cornell.edu/stories/2012/05/insect-pollinators-contribute-29b-us-farm-income

3! Avalon C.S. Owens, Précillia Cochard, Joanna Durrant, Bridgette Farnworth, Elizabeth K. Perkin, Brett Seymoure, Light
pollution is a driver of insect declines, Biological Conservation, Volume 241, 2020
https://doi.org/10.1016/j.biocon.2019.108259
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such as: sleeping problems, hormone-dependent cancers, risks of obesity and diabetes, heart
disease, cognitive and affective impairment, premature aging, depression, etc®*.

e Culture. Light pollution's impact on the ideas, customs, and social behavior of a particular
people or society, and the way we live our lives and interact with nature is difficult to quantify
but may be one of the most important and long-lasting negative consequences of light
pollution. For centuries astronomy was playing a role as a cultural experience®. For example
New Zealand is home to the indigenous Polynesian people (Maori) whose cultural heritage has
a strong association to, and extensive astronomical knowledge of, the night sky, including the
moon, planets and the stars (Maori astronomical knowledge is known as tatai arorangi). This
understanding is skillfully integrated into several aspects of their traditional lives and cultural
practices®.

2. Recommended principles and legal framework

Globally recognized international environmental law principles aim to provide environmental
sustainability®® and develop measures to reduce different types of environmental pollution. Therefore,
these principles could have a significant value for the global efforts to control and diminish light
pollution levels.

2.1 Accepted principles of environmental law

The following generally accepted principles of international environmental law are of particular
importance for controlling light pollution:

e The Prevention Principle.

32 See for e.g., Ron Chepesiuk (2009) Missing the Dark: Health Effects of Light Pollution, Environ Health Perspect. 2009 Jan;
117(1): A20-A27, doi: 10.1289/ehp.117-a20; available on-line: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2627884/; A.
Haim & B.A. Portnov (2013), Light pollution as a new risk factor for human breast and prostate cancers (p. 168); Diana
Paksarian & Kara E. Rudolph, et al. (2020), Association of Outdoor Artificial Light at Night With Mental Disorders and Sleep
Patterns Among US Adolescents, JAMA Psychiatry. doi:10.1001/jamapsychiatry.2020.1935; Published on-line July 8, 2020; M.
Helbich, et al., (2020), Outdoor light at night, air pollution and depressive symptoms: Across-sectional study in the
Netherlands, Science of the total Environment 744 (2020), 140914.

3 Z.A. Khan, T. Yumnamcha, et al. (2020) Artificial Light at Night (ALAN): A Potential Anthropogenic Component for the
COVID-19 and HCoVs Outbreak. Front. Endocrinol. 11:622. doi: https://doi.org/10.3389/fend0.2020.00622

* Austin, M. (2009). From Ancient to Modern: The role of astronomy as a cultural experience. Proceedings of the International

Astronomical Unlon 5(S260), 225- 228 doi: https: ((d0| org(lO 101715174392131100233

dern- the role of-astronomy-as-a-cultural-experience/31DE1826415DCB8DB5DB916E321202BA
*Harris, P. et. al. A review of M3ori astronomy in Aotearoa-New Zealand. Journal of Astronomical History and Heritage 2013,

16(3), pp. 325-336; http://www.narit.or.th/files/JAHH/2013JAHHvol16/2013JAHH...16..325H.pdf
* UN Doc. A/CONF.151/26 (vol. I), 31 ILM 874 (1992), 14/06/1992, Rio Declaration on Environment and Development,

https://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A_CONF.151 26 Vo
LI Declaration.pdf
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This principle obliges the state to take action to protect the environment at an early stage. The
main goal is to prevent the damages that may occur, instead of restoring the disturbed or
damaged environmental condition. The discharge of emissions like ALAN in quantities or
concentrations that exceed the capacity of the environment must be halted in order to avoid
significant damage to the ecosystems. Actions should be taken at very early stages to reduce
this type of pollution. The environmental impact assessment is a widely used decision-making
instrument that follows this principle®’.

e The Precautionary Principle.
The precautionary principle is the 15th principle proclaimed by the Rio Declaration on
Environment and Development 1992, It states that “where there are threats of serious or
irreversible damage, lack of full scientific certainty shall not be used as a reason for
postponing cost-effective measures to prevent environmental degradation”. It is impossible to
identify the total damage that ALAN may produce or is already producing on most ecosystems,
given their complexity and interrelations. Therefore, the precautionary principle requires that,
if there is a risk that ALAN is affecting the ecosystem, it is better to limit it than to wait for
incontrovertible scientific evidence for all the species of this ecosystem.

e The Polluter Pays Principle.
Environmental harm is mostly caused by producers who “externalize” the costs of their
activities. Effective environmental laws and regulations should include the obligation to force
polluters to bear the real costs of their pollution. Even though the costs in terms of light
pollution impacts on the environment are difficult to estimate precisely, the role of this
principle should not be underestimated as a sufficient measure to decrease the levels of ALAN.

2.2 Specific principles for ALAN

International environmental law principles provide a general framework. The mitigation of
ground-based light pollution should be based on additional specific principles that emphasize the
particular nature of light pollution and allow the development of the most effective measures to
combat its negative consequences.

* General Principles of International Environmental Law, Max Valverde Soto.
Bhttps://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A CONF.151 26 V
ol.I Declaration.pdf
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Specific Principles

Integral approach

Inter-territoriality

Global effects
indicators: a
goal-oriented
approach

Targeting energy
efficiency and
climate change
goals

Scope and notes

Light pollution is a transversal problem, encompassing environment,
visual ergonomics, energy management, public health, public expenditure,
safety, cultural, and social issues. Legislators should consider this fact and
include all these aspects in top-level norms. Specific provisions can be
developed for one or several of these fields by lower-level regulations.

Photons know no borders®. Light pollution effects reach tens to hundreds
of kilometers away from the sources of light. Regions that either do or do not
emit light nevertheless become jeopardized by emissions from neighboring
areas. This cross-border effect is at its highest in the case of pollution
generated by satellites, where a single nation, or even a single private
company, can ruin the night environment all over the world.

Top-level legislation must explicitly establish definite goals to effectively
abate light pollution® in all relevant fields (e.g., achieving target values of
the night sky brightness in cities and rural areas, ensuring specific darkness
at ground level in protected areas, ensuring acceptable ranges of circadian
exposure, limiting the brightness of each launched satellite and the total
cumulative brightness of all satellites, etc.).

Promoting energy-efficient lighting systems to help save energy and
money cannot be the only target, as otherwise light pollution may actually
increase because of greater use of outdoor lighting encouraged by higher
efficiency. This rebound effect (the Jevons Paradox™) is now at work with
LEDs, the same rebound that has been experienced in every change of
lighting technology, from oil lamps to gas lamps, to incandescent, to
mercury vapor to high-pressure sodium.

% Salvador Bard & Raul C. Lima (2018), Photons without borders: quantifying light pollution transfer between territories,
International Journal of Sustainable Lighting: Vol. 20 No. 2, https://doi.org/10.26607/ijsl.v20i2.87

** Salvador Bara, Fabio Falchi, Raul C. Lima, Martin Pawleye (2021) Keeping light pollution at bay: A red-lines, target values,
top-down approach, Environmental Challenges, Volume 5, December 2021, 100212;
https://doi.org/10.1016/j.envc.2021.100212

“I Arrobbio 0. (2019) Maladaptation to Resource Scarcity: The Jevons Paradox. In: Leal Filho W., Azul A., Brandli L., Ozuyar P.,
Wall T. (eds) Climate Action. Encyclopedia of the UN Sustainable Development Goals. Springer, Cham.
https://doi.org/10.1007/978-3-319-71063-1 115-1,

https://link.springer.com/referenceworkentry/10.1007%2F978-3-319-71063-1 115-1#howtocite
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Targeting
environmental
protection
strategies

Minimum use of the
resource

Plurality of sources

Long-term
planning

Similar to many sources of pollution, ALAN can have negative effects on
the environment, and direct radiance from light sources is able to produce
direct harm. Every ambitious environmental protection effort will be
hampered by any lack of ALAN regulation. This is because: (a) light emissions
increasingly brighten protected areas and fragment valuable habitat for
biodiversity protection; (b) light pollution directly affects pollinators and
their resources; (c) migrating birds can get distracted from their global routes
even by local light pollution and are drawn away of beneficial habitat into
urban settings due to light pollution; (d) light pollution directly affects plants
and many or most animals’ physiology and behavior; (e) owing to a lack of
awareness, lighting systems are today not managed in a sustainable manner,
both ecologically and economically.

Recognizing ALAN as a source of pollution implies adopting by default a
"principle of lesser emissions", that can be implemented by means of
common pollution abatement strategies, e.g., setting up direct emission
limits (including overall caps), education of public and administrative
bodies, and perhaps complementary tax and licensing policies. Unlike the
present situation in some countries (where any dimming of the lighting
systems has to be comprehensively justified), the default policy should
instead be to not illuminate, while any lighting installations must be
specifically justified.

Legislation must encompass by default all light emissions with effects on
the outdoor environment, not only from public streetlight systems but also
from any other sources of light, installed in public or private grounds, whose
emissions reach the outdoor space (including commercial, industrial,
backyard lights and home windows). Emissions from self-luminous signs,
billboards, facade advertisements and art objects including official and
traffic signaling ones, must be counted in the overall emission budget, even
if their installation and functioning is regulated by additional specific norms.

Keeping light pollution at bay requires establishing maximum emission
caps. The allocation of maximum allowable amounts of light emissions to
local communities shall be made taking into account environmental
sustainability and social solidarity criteria, and explicitly addressing the
different needs of different local communities and sectors. This is not a
technical, but a social and political issue.
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Institutional The institutional bodies responsible for enforcing the attainment of the light
liability pollution abatement goals from the highest union of countries or country
levels down to local county/municipality levels must be clearly identified.
Practicable enforcement mechanisms shall be contemplated at all actor
levels.

Obligation of active Legislation must contemplate that if any environmental light pollution

remediation parameter exceeds the target values, clear and definite transition plans shall
be elaborated and put into practice to ensure satisfactory remediationin a
pre-established time period.

Continuous The same way as for noise and air pollution levels, light pollution variables

monitoring (e.g., night-sky brightness or ground-level irradiances) shall be considered
relevant environmental variables, routinely recorded by public agencies in
charge of gathering environmental data. Examples of relevant variables
are the artificial night sky brightness, light trespass and glare, the spectral
irradiance in urban and rural areas, the emissions in lumen, and the actual
energy consumption at all relevant territorial levels.

Transparency Light pollution data should be openly accessible to the public and
interested stakeholders (as, e.g., current meteorological and air quality
information). Representative councils should be created at all relevant
decision levels, with stakeholders from different disciplines, including at
least the disciplines of chronobiology, public health, ecology, lighting
technology and astronomy®.

2.3 Incentive-based approaches to reducing ALAN

The most common approach to controlling ALAN from urban and suburban sources remains
command-and-control regulation. These regulations may quantitatively regulate the amount of light
emissions permitted by different types of land uses, for example commercial businesses versus
residential buildings, or establish rules for permitted or restricted types of outdoor light fixtures,
shielding of light fixtures, and times of night when lighting may be used. These regulatory approaches
are often supported with the threat of civil fines as a means of enforcement, but in practice are difficult
to enforce beyond the point of initial construction. Enforcement requires active monitoring by
individuals specifically trained to recognize violations in lighting regulations.

“2 pérez Vega, C.; Zielinska-Dabkowska, K.M.; Hlker, F. Urban Lighting Research Transdisciplinary Framework — A
Collaborative Process with Lighting Professionals. Int. J. Environ. Res. Public Health 2021, 18, 624.
https://doi.org/10.3390/ijerph18020624
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An alternative to command-and-control regulation are economic or incentive-based approaches to
regulation. Economic incentives seek to leverage economic self-interest and carrots rather than sticks
to encourage compliance with regulations. While there are many approaches to economic incentives,
one of the best known is the collection of approaches that fall under the general term “cap-and-trade”.
Cap-and-trade has been used in other circumstances with similarities to the challenge of ALAN and
may hold promise for reducing ALAN using the power of economic self-interest and markets. Itis also a
flexible approach that can be scaled from local to regional.

2.3.1 Basic principles of cap-and-trade

Cap-and-trade programs always have two basic features and usually a third. The first is the cap. The
cap is a total amount of a target pollutant that may be emitted by all regulated parties subject to the
cap-and-trade regulation, for example tons of carbon dioxide equivalent or pounds of
chlorofluorocarbons. The cap is typically set at a level below the current level of total emissions of the
target pollutant by regulated parties. If the cap is set too high, the cap-and-trade program is unlikely to
reduce pollution or initiate a market for the pollutant.

Second is the establishment of pollution allocations for regulated parties. Pollution allocations, or
“credits”, are the amount of the target pollutant that may be emitted by each regulated party.
Allocations to regulated parties are fixed but credits may be exchanged with other regulated parties —
the “trade” portion of the cap-and-trade program. The total amount of all pollution allocations to all
regulated parties must be less than or equal to the cap. In order to sell credits, a regulated party must
be emitting less than their pollution allocation, providing excess credits to market to regulated parties
over the cap. The ability to sell excess credits is an economic incentive to reduce pollution and may
drive innovation in management or development of new technologies where regulated parties believe
they can make more money from selling credits than it costs to adopt new practices or technology.

The optional third element of cap-and-trade is a decreasing cap. Decreasing caps are used to drive
down emissions of the target pollutant over time by reducing the amount of allowable emissions of
the pollutant. A decreasing cap is typically paired with decreasing allocations to regulated parties,
forcing either purchase of emissions from other regulated parties, investment in pollution control, or
technological innovation to reduce emissions. The need for a decreasing cap is a function of the
specific goals of the cap-and-trade program. Most proposals for cap-and-trade programs for pollutants
such as carbon dioxide equivalents include a reducing cap as a means of eventually eliminating
greenhouse gas emissions.

In the case of ALAN, elimination of all nighttime light is not a feasible goal. Therefore, the use of a
decreasing cap is necessarily limited. Instead, an overall cap on light emissions for a given geographic
area set to an achievable level that balances the needs of people, wildlife, and astronomy may be the
best approach. This cap may be fixed or reduced over time to a certain level. This approach would
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require all new development to either limit ALAN or purchase light emission credits from existing
development, thus allowing for new development without new increases in ALAN, while also
potentially driving down ALAN emissions from existing development.

Cap-and-trade programs are not without challenges. To initiate economic activity that serves as the
incentive to follow regulations, individual allocations to regulated parties should be less than current
typical emissions, but not so low that parties cannot meet emissions targets through a variety of
reasonable actions such as technological innovations, changes in practices, or purchase of pollution
credits from others. This level may be difficult to determine. Establishing a new regulation on existing
emitters can be difficult and require significant political capital to achieve. Monitoring and
enforcement is a challenge for cap-and-trade just as it is for command-and-control regulation. It is
common for cap-and-trade programs to build resources for enforcement and monitoring into the
market mechanisms for exchange of credits, using a portion of the value of the credits to carry out
these activities.

ALAN presents a particular challenge for cap-and-trade. Most examples of cap-and-trade programs are
focused on specific classes of polluters that are relatively easy to identify, e.g., major industrial
operations such as electrical power generating stations that are emitters of carbon dioxide or
wastewater treatment plants that are emitters of nutrient-rich, warm water. ALAN polluters are more
diverse. A key consideration in the development of a cap-and-trade approach to mitigating the
impacts of ALAN is deciding who should be regulated, from large businesses with signage and parking
lot lighting, to small businesses with more limited signage, to individual homeowners, to local
governments responsible for street lighting. A program encompassing a greater breadth of polluters
has greater potential to limit new ALAN over time but also brings significant monitoring and
enforcement challenges. A more limited program may not limit the growth of ALAN due to new
emissions from non-regulated sectors but monitoring and enforcement are simpler and therefore
regulatory certainty is greater.

2.4 Recommended approach

Based on the information gathered and the analyses considered, we recommend the following
approach for the proper control of ALAN.

2.4.1 Control at the territory level with quotas of ALAN to respect limits of light pollution
indicators
Adopting global indicator limits on light pollution is formally equivalent to setting maximum light

emission caps for the surrounding territories. This is a direct consequence of the fact that the
detrimental effects of light pollution increase monotonically (albeit not always linearly) with the
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absolute amount of emitted lumens, for any given spatial distribution and angular and spectral
emission patterns of the light sources installed across the surrounding territory.

A wide class of photometric indicators (e.g. night sky brightness) depend linearly on the source
emissions. Consequently, if a global indicator (e.g., the artificial night sky brightness at a first-class
astrophysical observatory under standard atmospheric conditions) is below the maximum admissible
limit as agreed in the regional lighting plan, there would be hypothetically some margin for
proportionally increasing the light emissions at the regional level without compromising the limit
compliance, but the default strategy should be to meet the goal of stopping the growth of regional
artificial skyglow and then reducing the measured indicator over the long term.. Conversely, if the
indicator is above threshold, a proportional reduction of the total actual emissions would be required
in order to achieve the target values.

Additionally, there are straightforward conceptual and numerical tools that enable one to determine,
under very general assumptions, the individual percent contribution of each district of the
surrounding territory to the final value of a global indicator. Taking into account the present levels of
the global indicators and their desired target values, this allows one to set up a light emissions quota
allocation scheme, whereby each district is granted a definite lumen emissions budget. Depending on
whether the present emissions are below or above these limits, new installations could be deployed or
emissions reduction measures should be adopted at the district level. This emission quota allocation
would be a basic tool for enabling long-term urban development planning while at the same time
ensuring consistency with the overall light pollution abatement goals.

The distribution of light emission or reduction quotas among districts and municipalitiesis a
far-reaching political issue that shall be handled with social solidarity criteria, since it transversally
affects many aspects of human life. Determining the appropriate emission limits requires a previous
consensus about the reasonable amount of socially required light, and a clear understanding of how
this amount of light correlates with the overall structure of the inhabited territory. The allocation could
eventually be flexible: a cap-and-trade scheme for redistribution of quotas between municipalities can
be implemented to accommodate new local lighting needs, keeping continuous attention on not
surpassing the threshold values.

Cap-and-trade schemes, if successfully applied®, can be instrumental for keeping light pollution
within acceptable limits. Theirimplementation does not exclude the use of complementary tools like
appropriate taxation of lumen emissions. Note, however, that taxation policies cannot guarantee by

* This cannot be taken for granted, as the experience of frauds in the European Union in the case of CO, emission
cap-and-trade shows (see:
https://www.enea.it/it/seguici/news/ridurre-le-emissioni-meglio-la-tassa-sulle-emissioni-o-meglio-il-commercio-delle-emiss
ioni)
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themselves that light emissions will be kept within admissible limits. Also note that, artificial lighting
being a basic service, plain taxation in districts with more lighting needs per inhabitant (e.g., rural
municipalities with sparse population) may increase social inequalities.

In the present situation, where light pollution levels are close to or above critical thresholds in many
regions of the world, social allocation of light emission caps seems to be a useful instrument, in
combination with others, for achieving remediation in heavily light-polluted places and for avoiding
exceeding thresholds in other areas that are currently relatively free of light pollution.

2.4.2 Control at the level of single light source or single light installations

This was and still is the traditional way to try to control the spread of light pollution, in the hope that
the combined effect of many single less impacting installations will automatically resultin a
permanent control of the problem. This approach, where implemented, surely lowered the expected
increase of light pollution resulting from the increase of ALAN. We now have 50+ years of experience at
some county levels (e.g., Tucson and Pima county, Arizona, USA) and 20+ years at regional/national
levels (e.g., Lombardia, Emilia-Romagna, Veneto and most other Italian regions; Canary Islands, Spain,
Slovenia, Chile). In Lombardia, where all the territory and its almost 10 million inhabitants are under a
law that imposes full shielding of all lighting fixtures against glare and uplighting, the sky is as bright
now as it was in the year 2000, when the law was first enforced, while in most other parts of the world,
sky brightness has increased significantly. The continuous increase of the number of lights, while less
polluting on a one-to-one basis, prevented a reduction of light pollution. However, as ALAN flux has
generally doubled in the past 20 years, we can surmise that without the law, the light pollution would
also have doubled by now. This means that the following prescriptions are necessary but not sufficient
(unless combined with caps or other limits). Unfortunately, there does not exist a no-light-pollution or
anti-light-pollution lighting fixture, so the main way to prevent light pollution is to have no light at all,
as the first choice.

t44

There is broad agreement™ on best practices for using light at night in a manner that minimizes its

impact. The core principles are as follows:

e Useful: Light only when there is a clear purpose for the light.

e Targeted: Light should be directed only where it is needed. It should be fully shielded (i.e., no
light can escape directly above horizontal) with no spilling (i.e. no light should go outside the
area that needs to be lit, to prevent light trespass), and should avoid glare.

“ See for instance, Global Lighting Association Position Statement, Light at night: the importance of quality lighting and night
preservation, October 2020 (https://globallightingassociation.org/library), and the IDA-IES Light to Protect the Night, Five
Principles for Responsible Outdoor Lighting (https://www.darksky.org/our-work/lighting/lighting-principles/).
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e Low Light Levels: Light should be no brighter than necessary. Use the lowest possible
lighting levels®.

e Controlled: Light should be used only when there is someone present who needs it. Use
adaptive controls, such as timers or motion detectors, to ensure that light is available when
needed, dimmed when possible, and turned off when not needed.

e Spectrum: Use the least harmful light spectra possible. Limiting the emitted spectrum to
narrow wavelength bands can reduce its adverse impacts. Although the adverse effects of the
spectrum are highly species dependent, blue light has the highest potential to affect the
widest number of organisms and to be scattered in the atmosphere, which causes skyglow
relatively near to light sources — a serious problem for astronomy. Thus it is important to
limit the blue part of the spectrum for outdoor lighting.

There may be resistance to accepting the total caps per inhabitant or per area or caps derived by the
threshold rules we propose here. But it should be noted that the measures proposed here do not impose
significant restrictions on the selling of luminaries by manufacturers., e.g., single LED or LED installations
with lower content in blue in their spectra and/or full shielding and/or lower flux.

See Appendix A. for a list of existing models of laws, rules, regulations and policies regarding
ALAN and light pollution.

* It should be noted that many of the norms as established by professional bodies should be revisited in light of new
technology and new evidence concerning visibility. Many current norms are not based upon empirical data.
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Chapter 3. Technical Guidance

1. Introduction and summary

The report of the 2020 UN/IAU/IAC-sponsored Workshop on Dark and Quiet Skies for Science and

Society* (D&QS1) contained the reports of three topic-based working groups: Dark Sky Oases, Optical

Astronomy and Bio-environment. The findings and recommendations of each group represented
consensus conclusions from subject matter experts, lighting professionals and representatives of the
lighting industry, and dark sky advocates. Although independently developed, the three groups’
specific recommendations for protection of critical areas, extending to preservation of worldwide

darker sky conditions, had many common elements (Figure 3.1). This section of the current ALAN WG

report consolidates those recommendations. It states the major principles by which the goal of

stopping the growth and starting the reduction of ALAN can be accomplished, with specific supporting

technical examples.

The overarching goal is to stop and reverse, on a 10-year timescale, the growth of ALAN and its
negative effects. Because the current most aggressive approaches to controlling ALAN have only

slowed its growth rather than stopping it, this proposal contains important new elements. Protection

of critical sites requires regional planning, with initial measurement and continued monitoring to
assess progress towards achieving goals. The basis of that planning should be the assumption of no
artificial light in protected areas, plus a requirement for strong justification for adding light into the
critical zones near protected sites. Should lighting be allowed, its use must depend on the specific
needs (e.g., road lighting, depending on volume of either vehicular or pedestrian traffic), with active
controls setting the lighting levels appropriate for instantaneous or time-averaged use.

As elaborated in this section, the elements of technical control of ALAN are the following:
e Regional lighting masterplan, starting with the assumption of no light near critical areas of
protection.
Adaptive control facilitating dynamically defined lighting zones.
Spectral control of light sources, e.g. to minimize blue light or other color bands.

Adoption of geographic lighting overlay zones.
Adoption of sky brightness limits based on maximum agreed increase over current values.

4 https://www.iau.org/static/publications/dgskies-book-29-12-20.pdf

Lighting levels held near the minimum of the recommended ranges for the given application.
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e Minimal levels of illumination of architectural buildings and structures and signs, media
facades, billboards etc., with strong directional control, turned off after curfew and not
allowed in critical zones. Strong control of glare and elimination of light trespass.

e Use astandardized metrology system for light pollution based on traceable methods and
instrumentation, with measurements readily available through reference databases.

e Avoid commercial and military air traffic routes over critical areas.
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Figure 3.1. Categorization of the recommendations from the three Working Groups of D&QSI.

Growing awareness of the need for protection of sensitive areas from the negative impact of ALAN can
lead to opportunities both for sustainability and for the deployment of lighting consistent with the
needs for spectral management and active control. Placing the emphasis on visual perception rather
than absolute lighting levels can point the way toward a new generation of standards at the lower
levels of illumination required to meet the goal of reducing ALAN.

2. Principles and examples to meet the goal of stopping the growth
and starting the reduction of ALAN

2.1 Lighting masterplan and efficient design

Principle(s): Regulating authorities should enforce the development of a lighting master plan that
defines areas with and without illumination and their associated lighting classes. To achieve the aim of
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stopping the growth of anthropogenic skyglow, the masterplan must set regional targets and limits on
total illumination for those areas in which it is allowed. The masterplanning should implement
efficient lighting design and the appropriate equipment and technologies to ensure minimization of
obtrusive and intrusive light.

A basic requirement is measurement of the current baseline artificial skyglow, with sufficient angular
resolution to note changes in individual major sources. In addition, establishment of a monitoring
program is necessary to assess the rate of change. Based on that information and predictive modeling,
stakeholders set regional targets. That agreement is essential, because regional and zonal lumens
caps and restrictions on development near critical areas of protection are very likely to be required.

The region in this case in which regulating authorities cooperate to produce the plan is the
geographical region surrounding a critical area of protection in which there are sources that contribute
to the artificial skyglow measured for the area. That region may lie totally within one jurisdiction, or
cross international boundaries. The approach to implementation of this concept is discussed
extensively in the policy chapter of this report.

Example: An optical observatory has produced a measured baseline of artificial skyglow with an
upward trend. Regional authorities agree to protect the site, and agree on an upper limit to the
artificial sky brightness with a plan to reduce, stop and reverse the growth of artificial skyglow at the
site, keeping it below the agreed limit. Detailed radiative transfer modeling of light sources must be
used to predict the impact of lighting growth as a function of area. On that basis, requirements are
developed for lighting zones with total upward lighting limits. Mechanisms for engaging such
requirements are discussed in Section 3. This case study is elaborated in Falchi and Bara (2020).

2.2 Adaptive control

All outdoor lighting installations should be controlled in terms of luminous flux when the criteria for
lowering the lighting class permit it or when there is no motion or presence of users in the area. This
approach applies to roadways, pedestrian areas and outdoor nighttime work places. In other words,
lighting class should be determined dynamically based on actual usage, by active monitoring or
averaged over intervals during the night or using statistical data. The illumination level should be set
to the minimum of the recommended level required for task related safety. In addition, control of the
spectral power distribution of luminaires is encouraged in case of tunable white light sources.

Example: International Commission on lllumination (CIE) Technical Report 115:2010 introduces a
classification system according to the type and operational profile of roads for motorized traffic,
pedestrians and low-speed traffic areas, conflict areas, and also for some specific situations. Lighting
classes for motorized traffic, based on road surface luminance, range from M1 (the highest class) to M6
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(the lowest class). Actual traffic volume can be used as a criterion to provide a reduction of a major
artery to a lighting level lower than M6 (0.3 cd m™) after rush hour. In remote areas the lighting can be
switched off or decreased to a minimum maintained level when no users are present. See the D&QS1
report for details.

2.3 Spectral tuning

The spectral power distribution of light sources for all outdoor illuminated areas should be carefully
selected to ensure minimal influence on skyglow, human health and the environment. In general,
blue-rich white light should be minimized and avoided when possible or in specific areas (zoning
system). The motivation is to minimize melanopsin-activating blue content within the
radiant/luminous flux. This approach is useful for humans and mammals where the circadian timing
system has a similar spectral sensitivity as humans.

However, there is a large variability in photoreceptors, photobiological processes and light-related
behavioral responses across bio-environment. Although reducing blue content is expected to be useful
in many cases, individual species/ecosystems may require different, dedicated spectral approaches.

Whenever possible, near-monochromatic sources should be deployed near observatories and critical
dark areas. For near zones of protection, the approach is to start from the assumption that no
color rendition is required, allowing exceptions for strongly made cases for safety.

Examples: The recommendation from the D&QS1 observatories protection working group for the
critical near zones is that the blue light content (percentage of light emitted below 500 nm over the
total light emitted) should be null. The lighting devices should be quasi-monochromatic sources with
maximum radiant flux (in watts per nm) lying within the 585-605 nm spectral range and having full
width half maximum (FWHM) smaller than 18 nm. If modest color rendition is approved as a necessity,
spectra with broader FWHM of ~100 nm can be used in those exceptional cases.

The need for restriction of blue light content is explicitly stated in the D&QS1 Dark Sky Oases and
Bio-environment reports as well.

2.4 Nominal and adaptive lighting classes for outdoor areas

The appropriate lighting classes (nominal and adaptive ones) should be selected for all outdoor
illuminated areas according to the relevant research-based lighting standard or the relevant national
or international technical reports or standards, and the associated maintained levels should not
exceed 20% of the minimum requirement of the class.
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2.5 Lighting zone system with associated limits

Geographic definition of the near zones of optical observatories, dark sky places and sensitive
environmental areas is critical for their protection. The CIE zoning system is one current example with
relevant qualitative and quantitative descriptions. It should be continually updated to reflect
evidence-based understanding of the actual needs for the protection of astronomical observatories,
the environment, human health, and astro-tourism. In Zones E0 and E1 closest to the critical area, the
approach should be to assume that there will be no outdoor lighting, even on roadways or pedestrian
areas. Developers or operators should be required to demonstrate the need for any illumination, and if
s0, the safety-based need for any color rendition. In the context of a lighting master plan, some areas
may not be allowed to reach the limits (e.g. lumen caps) in a lighting zone overlay, in order to stay
within the regional goals for limiting the artificial skyglow in the critical area. Other lighting zones than
EO and E1 generally correspond to relatively high population densities. To the extent that such areas
impact the ALAN skyglow of the protected areas even from hundreds of kilometers away, lighting
master plans should include the ongoing control and reduction of ALAN in those higher density zones
as well. Because of the negative effects of ALAN on human health and human engagement with the
dark night sky, ultimately all areas of human habitation should benefit from plans to reduce artificial
skyglow.

2.6 Skyglow limits for protected areas

Sky luminance levels in protected areas should be kept below certain levels. Protection must be based
on currently measured site quality and the locally agreed maximum ALAN contribution to additional
sky brightness; i.e., for optical observatories and critical Dark Sky places, these upper limits may be
much brighter than current levels, in which case reasonable effort should be made to maintain current
levels.

Example: The IUCN Dark Skies Advisory Group (DSAG) published quantitative sky brightness limits for
categories of dark sky designations (see the recommendations of the Dark Sky Places Working Group
in D&QS1). The recommendation for astronomical observatories and DSAG class 1 areas is a total sky
brightness limit of 264 ucd m? at zenith, or V> 21.7 mag arcsec™ and should not exceed 750 ucd m™ for
Dark Sky Community, rural, and DSAG class 6b areas.

Example: The IAU Commission on Site Protection defined a limit of artificial skyglow beyond which
observations requiring darkest sky conditions are increasingly compromised. That limit was defined as
an increase in sky brightness at 45° elevation due to artificial light not more than 10 % of the lowest
natural level in any part of the spectrum between wavelengths 300 and 1000 nm for optical
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observatories*’. The recommendation did not specify a bandwidth, but context suggests that the
Commission was considering relatively broad-band filter imaging.

2.7 Fagade lighting and colorful illumination and control of glare

All outdoor lighting should be fully shielded against glare, uplighting, and obtrusive light onto
neighboring properties or protected sites. To afford full protection, no facade lighting or illuminated
advertising should be permitted in Zones E0 and E1. The illumination of architectural structures and
signs should be avoided during curfew while the luminance levels should be kept as low as possible
following the efficient lighting design techniques. Color and dynamic lighting of facades and signs
should be generally avoided especially beyond city centers. Discretionary lighting, such as advertising
and fagade illumination, should be held to more stringent limits based on minimum requirements for
visibility, such as those of the IES/IDA. Directionality is a key element in control of artificial skyglow; if
light in city centers is ever directed above horizontal, its spatial distribution must be highly shaped and
controlled to avoid spill.

2.8 Lighting measurements and monitoring

The appropriate instrumentation and methods should be used for the measurement, assessment and
monitoring of skyglow, direct light exposure, and the sources of obtrusive light. A standardized
metrology system for light pollution based on traceable instruments should be developed and used by
the different disciplines. Measurements should be readily available through national and international
reference databases for sites.

Depending on the application, different measurements are needed. Sky brightness and data from
satellites give overall information on a larger scale but they do not give sufficient information on light
exposure of individuals or the directionality of light apart from upwards.

Examples: From a decomposition of the night sky spectrum, Kollath et al. (2020a) determined that the
‘continuous’ component of the natural sky (zodiacal light, scattered starlight and airglow
pseudo-continuum) is nearly constant at all visible wavelengths and has a spectral radiance of ~2 nW
m~sr-nm™, or 2 dsu (dark sky units). Because of the relatively limited range of broad-band color
variations of natural skyglow under clear, moonless conditions, digital camera-based, three-color
(RGB) radiance measurements in dsu give a usable sky brightness measurement (Kollath et al. 2020b).
Both broad-band and spectrophotometric measurements are calibrated on the basis of stellar
standards, with fluxes measured with respect to laboratory standards.

There are already several operational skyglow measurement networks implemented by different
governments as part of their environmental data-gathering and public release of information policies.

*" Transactions of the International Astronomical Union , Volume 17, Issue 1: Reports on Astronomy, 1979, pp. 215-223; DOI:
https://doi.org/10.1017/S0251107X00010798
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They are mostly based on sky quality meters (SQM) integrated in automated weather stations,
providing data in real time though their websites.

The readings of zenith brightness are a proxy for the density of artificial photons in the vicinity of the
detector, and provide useful information about the light pollution at different places of the territory
and their long-term evolution.

Example: The network of the Environment Ministry of the Galician Government (autonomous
community of the kingdom of Spain), whose data are released in the 'Air quality' section of the
Galician Meteorological Public Agency website, together with the index of air quality, levels of noise
pollution in major cities, etc.*”® Similar networks exist in environment/meteo public agencies of other
governments, e.g. the Swiss territory of Ticino® and in Northern Italy>.

2.9 Commercial and military flight planning

Civilian regulators and military flight planners should exclude the observatory near zones from
approved flight paths and keep those paths as far from observatories as practicable.

2.10 Need for research

Interdisciplinary research among lighting, medical, and environmental research communities on the
effects of artificial light at night on human health, on flora and fauna, on visibility levels and public
safety, on thresholds for impacts on humans and natural organisms and other related topics should be
strongly encouraged. The research must use correct metrics and lighting research methods to ensure
the results can be communicated between disciplines and implemented.

2.11 Long-term targets

A long-term strategy should be developed in terms of international, national or regional regulations, to
ensure mitigation of unwanted effects of light pollution, to establish standardized measurement
systems, for revision of relevant lighting standards and for the promotion of lighting education. The
plans will evolve based on the experience of early adopters of the masterplan approach for wider
application.

8 https://www.meteogalicia.gal/Caire/brillodoceo.action
4 https://www.oasi.ti.ch/web/dati/inguinamento-luminoso.html
0 https://www.arpa.veneto.it/bollettini/meteo/brillanza/Mappa_BRILLAIST.htm

Dark and Quiet Skies Il for Science and Society 47


https://www.arpa.veneto.it/bollettini/meteo/brillanza/Mappa_BRILLAIST.htm
https://www.oasi.ti.ch/web/dati/inquinamento-luminoso.html
https://www.meteogalicia.gal/Caire/brillodoceo.action

3. Areas where the tasks require special application beyond the
merged framework and those aspects of the framework that must
allow flexibility by region

Locations with special needs in terms of light pollution include environmentally vulnerable areas like
nature reserves. Applications of ALAN should fully consider the local biodiversity and the need of
resident species. For example, while the majority of studied species are negatively affected by
short-wavelength light, some glow-worm species are harmed by long-wavelength light. From a health
and well-being point of view, special care has to be taken to avoid intrusive light in hospitals and
nursing homes, since elderly people and children are especially sensitive to light.

4. Research areas with progress in the last year and those with high
priority need for support to strengthen the basis for the
recommendations

Light pollution has increasingly been the subject of research in several disciplines. The following
points need further investigation.

A growing number of studies have provided data and a growing consensus on the negative impact of
light pollution on almost all organismic groups. More research is needed on the impact of different
light levels experienced by organisms in the field and on thresholds for relevant impacts (e.g.,
melatonin suppression, phototaxis glare), including as a function of the light’s spectral distribution. It
is also necessary to assess the impact of light pollution not as an isolated stressor, but as one of
several interacting environmental stressors, e.g., climate change, air pollution, and water pollution,
since these stressors amplify each other.

Epidemiological studies have shown a negative impact of the intrusive part of outdoor lighting on
human health and well-being, which can be explained by laboratory studies on indoor light on human
physiology. More robust data are needed on the amount and spectral characteristics of light needed to
suppress melatonin and to disturb sleep independent from melatonin, e.g. due to psychological stress.
We also need stronger data on correlations or causations for diseases possibly related to ALAN,
combined with more detailed and personalized light measurements for these studies.

To determine realistic values for recommendations on outdoor light with reduced negative impact, we
need robust data from well-designed trials on the amount and characteristics of light needed for
human eyes (e.g., car drivers, pedestrians, advertisement boards).
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Current labeling of commercial lighting products lacks the information needed to assess a light
source’s environmental impact. We need to establish measuring units and labels to describe blue
content. Based on knowledge about human vision and the impact of light pollution we need to
develop light sources with less harmful effects on nature.

Knowledge about light needs to be transferred between disciplines, i.e., astronomy, physics, lighting
technology, biology, health, urban planning, cultural science. A lingua franca and transdisciplinary
projects are vital for better use of artificial light.

Recommendations will be successful only if their necessity is understood. Light generally has a
positive connotation, while its negative effects are less well known, so we need to raise awareness of
the value of dark nights. We need to educate communities on the aspects of human health, ecology,
culture, etc., and encourage positive emotions for darkness in people’s minds. Light pollution is an
excellent topic for schools, covering basically all disciplines of education. Lighting professionals need
to understand priorities and “myths” in the use of light (i.e., more light does not automatically mean
better vision independent of the characteristics of this light). Medical professionals also need
information on the health aspects of light in general.
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Appendix A. Existing Models of Laws, Rules, Regulations
and Policies

In this Appendix we present lists of treaties, acts, policies, laws, and regulations connected to light
pollution. These lists are intended only to show that the interest in protecting the night environment is
strong at different levels, from the local level up to the international. The lists are necessarily
incomplete.

It should be emphasized that none of the existing legal instruments related to light pollution can be
considered as perfect. To a certain degree all have positive and negative aspects. Moreover, currently
none of the existing regulations implements the proposed Regional Lighting Masterplan, which we
strongly suggest adopting in order to finally achieve a reduction of light pollution. In fact, while some
policies have been successful at preventing light pollution from increasing, none of the current
regulations has been able to reduce levels of light pollution in a balanced way. We believe the reason
for this is that they have relied primarily on control at the installation level.

A.l International level

This table provides examples of current international policies and regulations related to light
pollution. This table aims to highlight the process of recognition of light pollution as a global issue and
to show the response of the international community on this fast-growing problem.
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Organization/ | Treaty, Act, Policy | Year | Main aim of the legal act light pollution recognition
body
UN General Resolution 2014 | Proclaim 2015 the Considered that technology
Assembly A/RES/68/221 on International Year of Light and design can play an
International Year and Light-based important role in the
of Light and Technologies. achievement of greater energy
Light-based efficiency, in particular by
Technologies, 2015 limiting energy waste, and in
the reduction of light pollution,
which is key to the
preservation of dark skies.
UNEP The Conventionon | 1992 | The first global agreement | COP15 discussing the need to
Biological Diversity to cover all aspects of include reduction of light
CBD biological diversity. pollution as a target into the
Post-2020 Biodiversity
Framework. See: Report of the
Open-ended Working Group on
the Post-2020 Global
Biodiversity Framework on its
third meeting (Part |
(CBD/WG2020/3/5)
UNEP The Conventionon | 1979 | TheCMS actsas a COP13the Resolution 13.5
Conservation of framework Convention Light Pollution Guidelines for
Migratory Species Wildlife and its Annex
of Wild Animals confirmed the hazardous
CMS environmental impact of light
pollution and encouraged
Parties to develop measures to
decrease the amount of ALAN.
UNEP The Agreementon | 1991 | The Bat Agreementaimsto | Resolution 8.6: Bats and Light

the Conservation of

Populations of

European Bats
(EUROBATS)

protect various bat species
through legislation,
education, conservation
measures and international
cooperation. The
Agreement provides a
framework of co-operation

Pollution 2018
(Doc.EUROBATS.StC14-AC23.18
.Rev.1) adopted during 14th
Meeting of the Standing

Committee and 23rd Meeting of
the Advisory Committee noted
the rapid growth and extent of
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https://documents-dds-ny.un.org/doc/UNDOC/GEN/N13/452/71/PDF/N1345271.pf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N13/452/71/PDF/N1345271.pf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N13/452/71/PDF/N1345271.pf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N13/452/71/PDF/N1345271.pf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N13/452/71/PDF/N1345271.pf?OpenElement
https://www.cbd.int/doc/legal/cbd-en.pdf
https://www.cbd.int/doc/legal/cbd-en.pdf
https://www.cbd.int/doc/legal/cbd-en.pdf
https://www.cbd.int/doc/c/aa82/d7d1/ed44903e4175955284772000/wg2020-03-05-en.pdf
https://www.cbd.int/doc/c/aa82/d7d1/ed44903e4175955284772000/wg2020-03-05-en.pdf
https://www.cbd.int/doc/c/aa82/d7d1/ed44903e4175955284772000/wg2020-03-05-en.pdf
https://www.cbd.int/doc/c/aa82/d7d1/ed44903e4175955284772000/wg2020-03-05-en.pdf
https://www.cbd.int/doc/c/aa82/d7d1/ed44903e4175955284772000/wg2020-03-05-en.pdf
https://www.cbd.int/doc/c/aa82/d7d1/ed44903e4175955284772000/wg2020-03-05-en.pdf
https://www.cms.int/sites/default/files/instrument/CMS-text.en_.PDF
https://www.cms.int/sites/default/files/instrument/CMS-text.en_.PDF
https://www.cms.int/sites/default/files/instrument/CMS-text.en_.PDF
https://www.cms.int/sites/default/files/instrument/CMS-text.en_.PDF
https://www.cms.int/sites/default/files/instrument/CMS-text.en_.PDF
https://www.cms.int/sites/default/files/document/cms_cop13_res.13.5_light-pollution-guidelines_e.pdf
https://www.cms.int/sites/default/files/document/cms_cop13_res.13.5_annex_e.pdf
https://www.cms.int/sites/default/files/document/cms_cop13_res.13.5_annex_e.pdf
https://www.eurobats.org/official_documents/agreement_text
https://www.eurobats.org/official_documents/agreement_text
https://www.eurobats.org/official_documents/agreement_text
https://www.eurobats.org/official_documents/agreement_text
https://www.eurobats.org/sites/default/files/documents/pdf/Advisory_Committee/Doc.StC14-AC23.18.Rev_.1-DraftResolution%208.6_LightPollution.pdf
https://www.eurobats.org/sites/default/files/documents/pdf/Advisory_Committee/Doc.StC14-AC23.18.Rev_.1-DraftResolution%208.6_LightPollution.pdf
https://www.eurobats.org/sites/default/files/documents/pdf/Advisory_Committee/Doc.StC14-AC23.18.Rev_.1-DraftResolution%208.6_LightPollution.pdf
https://www.eurobats.org/sites/default/files/documents/pdf/Advisory_Committee/Doc.StC14-AC23.18.Rev_.1-DraftResolution%208.6_LightPollution.pdf

for the conservation of bats
throughout Europe,
Northern Africa and the
Middle East.

artificial light at night and its
detrimental impact (light
pollution). Moreover, it urged
Parties among others to ensure
that the impacts of artificial
light on bats are included in
environmental impact
assessment procedures.

Guidelines for consideration of
bats in lighting projects (2018)

UNEP The Convention for | 1976 | The Barcelona Convention | COP21 (2019) Decision 1G.24/7
the Protection of and its Protocols constitute | Strategies and Action Plans.
the Marine a unique and advanced This Decision encouraged the
Environment and multilateral legal Parties to cover issues such as
Coastal Region of framework for the use of artificial lights while
the Mediterranean protection of the marine developing measures and
(Barcelona and coastal environment management rules aimed at
Convention) and its and sustainable use of their | protecting critical habitats.
Protocols resources in the

Mediterranean.

UNEP Agreement on the 1995 | The Agreement on the Section 2.1.2 (b) of the
Conservation of Conservation of Agreement placed an
African-Eurasian African-Eurasian Migratory | obligation on the Parties to
Migratory Waterbirds (AEWA) is an regulate the modes of taking,
Waterbirds (AEWA) intergovernmental treaty and in particular prohibit the

dedicated to the use of all indiscriminate means
conservation of migratory | of taking and the use of all
waterbirds and their means capable of causing mass
habitats across Africa, destructions, as well as local
Europe, the Middle East, disappearance of, or serious
Central Asia, Greenland disturbance to, populations of
and the Canadian a species, including artificial
Archipelago. light sources.

Intergovernme | Work programme of | 2016 | Thematic assessment on Section 2.3.4.3 Light pollution

ntal the Platform: pollinators, pollination and | highlights that ALAN has or

Science-Policy
Platform on
Biodiversity

thematic
assessment on
pollinators,

food production. The
assessment report is
composed of a summary

may have a negative impact on
biodiversity.
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https://www.eurobats.org/sites/default/files/documents/publications/publication_series/WEB_EUROBATS_08_ENGL_NVK_19092018.pdf
https://www.eurobats.org/sites/default/files/documents/publications/publication_series/WEB_EUROBATS_08_ENGL_NVK_19092018.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/35759/77ig9_inf3_bc_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/35759/77ig9_inf3_bc_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/35759/77ig9_inf3_bc_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/35759/77ig9_inf3_bc_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/35759/77ig9_inf3_bc_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/35759/77ig9_inf3_bc_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/35759/77ig9_inf3_bc_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/35759/77ig9_inf3_bc_eng.pdf
https://www.unep.org/unepmap/who-we-are/barcelona-convention-and-protocols
https://www.unep.org/unepmap/who-we-are/barcelona-convention-and-protocols
https://wedocs.unep.org/bitstream/handle/20.500.11822/31705/19ig24_22_2407_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/31705/19ig24_22_2407_eng.pdf
https://www.unep-aewa.org/sites/default/files/basic_page_documents/agreement_text_english_final.pdf
https://www.unep-aewa.org/sites/default/files/basic_page_documents/agreement_text_english_final.pdf
https://www.unep-aewa.org/sites/default/files/basic_page_documents/agreement_text_english_final.pdf
https://www.unep-aewa.org/sites/default/files/basic_page_documents/agreement_text_english_final.pdf
https://www.unep-aewa.org/sites/default/files/basic_page_documents/agreement_text_english_final.pdf
https://documents-dds-ny.un.org/doc/UNDOC/GEN/K16/000/16/PDF/K1600016.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/K16/000/16/PDF/K1600016.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/K16/000/16/PDF/K1600016.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/K16/000/16/PDF/K1600016.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/K16/000/16/PDF/K1600016.pdf?OpenElement

and Ecosystem

pollination and

for policymakers, and

Services food production individual chapters and
(IPBES) IPBES/4/INF/1 their executive summaries.
UNESCO, Starlight 2007 | Recognised the significant | Encouraged the Parties to
UNWTO, IAU Declaration value of the dark sky for decrease light pollution levels.
environment, astronomy,
socio-cultural
development, etc.
UNWTO The Starlight 2010 | Astrotourism Group, led by | Starlight Tourist Destinations
Scientific Tourist Certification Starlight Foundation (from | are visitable sites with
Tourism System 2019), supports the excellent conditions for
Working Group protection of the dark sky observing the stars, which are
and UNWTO’s in order to perform protected from light pollution
Affiliate astronomical activities and | and are suitable for tourist
Members organize scientific toursin | activities based on the stars as
dark sky sites. an integral part of nature.
UNESCO Urban Futures 2003 | UNESCO plays a major role | Several astronomical sites were
Heritage of in protection of dark-sky, included into the World
Astronomy namely for astronomical Heritage List: Struve Geodetic
activities. Arc, the Jantar Mantar, Jodrell
Bank Observatory and Risco
Caido, Chankillo Astronomical
Complex.
UNEA Thematic Report of | 2016 | Thematic Report “Healthy | The Report recognized that
the Second session environment, healthy two-thirds of the world live
of the United people” under light-polluted skies.
Nations Moreover, it highlighted the
Environment potential negative effects of
Assembly of the ALAN for human health and
United Nations environment.
Environment
Programme
Nairobi, 23-27 May
2016
The UN The United Nations | 2007 | Culturalideas and cultural | For the indigenous peoples the
Department of | Declaration on the property rights, legal role of dark-sky is of significant

Economic and
Social Affairs

Rights of
Indigenous Peoples

protection and
mechanisms protecting the

importance, e.g. for performing
rituals, etc. The conservation of
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https://documents-dds-ny.un.org/doc/UNDOC/GEN/K16/000/16/PDF/K1600016.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/K16/000/16/PDF/K1600016.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/K16/000/16/PDF/K1600016.pdf?OpenElement
https://www.starlight2007.net/index_option_com_content_view_article_id_185_itemid_80_lang_en.html
https://www.starlight2007.net/index_option_com_content_view_article_id_185_itemid_80_lang_en.html
https://en.fundacionstarlight.org/contenido/112-iii-meeting-wg-scientific-tourism-unwto.html
https://en.fundacionstarlight.org/contenido/112-iii-meeting-wg-scientific-tourism-unwto.html
https://en.fundacionstarlight.org/contenido/112-iii-meeting-wg-scientific-tourism-unwto.html
https://starlight2007.net/starlightcertification.html
https://starlight2007.net/starlightcertification.html
https://starlight2007.net/starlightcertification.html
https://en.fundacionstarlight.org/contenido/47-destinos-turisticos-starlight.html
https://en.unesco.org/creativity/publication/culture-urban-future
https://www3.astronomicalheritage.net/
https://www3.astronomicalheritage.net/
https://documents-dds-ny.un.org/doc/UNDOC/GEN/K16/027/27/PDF/K1602727.pdf?OpenElement
https://www.un.org/development/desa/indigenouspeoples/declaration-on-the-rights-of-indigenous-peoples.html
https://www.un.org/development/desa/indigenouspeoples/declaration-on-the-rights-of-indigenous-peoples.html
https://www.un.org/development/desa/indigenouspeoples/declaration-on-the-rights-of-indigenous-peoples.html
https://www.un.org/development/desa/indigenouspeoples/declaration-on-the-rights-of-indigenous-peoples.html

Indigenous (UNDRIP) rights of groups as well as the natural dark sky
Peoples (UN individual property owners | environment will lead to
DESA) and protection of the unique way of
UNDRIP life of indigenous peoples. See,
Declaration on for. e.g. Australian Indigenous
Rights of Astronomy.
Indigenous
Peoples
UNOOSA Conclusions and 1999 | Stated conclusions and The Third UN Conference on
United Nations | proposals of the proposals of the the Exploration and Peaceful
Office for Outer | International International Astronomical | uses of Outer Space (21 July
Space Affairs Astronomical Union/Committee on Space | 1999): recognised that
and COPUOS Union/Committee Research/United Nations human-made light pollution
Committeeon | on Space Special has already made large areas of
the Peaceful Research/United Environmental Symposium | the world unsuitable for
Uses of Outer Nations Special “Preserving the astronomical observations and
Space Environmental Astronomical Sky”. is beginning to influence
Symposium wildlife and encouraged
“Preserving the Member States to control
Astronomical Sky” pollution of the sky by light.
Annual Report of 2020 | Report from the activities Has organized on-line
the UN Office for of the organization for workshops on the topic of
Outer Space Affairs 2020. “Dark and Quiet Skies for
Science and Society” (October
2021) to address light
pollution.
IUCN Resolution 084. 2021 | The IUCN World Recognized various negative
Taking action to Conservation Congress’s impacts of ALAN and
reduce light main goal is to set priorities | encouraged the Parties to take
pollution and drive conservation and | measures against light
sustainable development pollution.
action.
The Resolution 1776 2011 | Theresolution highlights The Assembly emphasizes the
Parliamentary | (2010) “Noise and the negative effects arising | need to preserve an
Assembly of light pollution” from light and noise “unpolluted” night sky.

the Council of
Europe

pollution. Moreover, it
emphasizes the need to
protect the natural dark

Furthermore, the Resolution
states that light pollution
affecting flora and fauna poses
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https://www.un.org/development/desa/indigenouspeoples/declaration-on-the-rights-of-indigenous-peoples.html
http://www.aboriginalastronomy.com.au/
http://www.aboriginalastronomy.com.au/
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/LTD/V99/864/81/PDF/V9986481.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/V21/025/18/PDF/V2102518.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/V21/025/18/PDF/V2102518.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/V21/025/18/PDF/V2102518.pdf?OpenElement
https://www.iucncongress2020.org/motion/084
https://www.iucncongress2020.org/motion/084
https://www.iucncongress2020.org/motion/084
https://www.iucncongress2020.org/motion/084
http://www.assembly.coe.int/nw/xml/XRef/Xref-XML2HTML-en.asp?fileid=17923&
http://www.assembly.coe.int/nw/xml/XRef/Xref-XML2HTML-en.asp?fileid=17923&
http://www.assembly.coe.int/nw/xml/XRef/Xref-XML2HTML-en.asp?fileid=17923&

sky.

one of the worst threats to
urban biodiversity, but above
all has harmful effects on
human metabolism. Moreover,
it highlights the impacts on
energy consumption. It also
encourages the Parties to
develop the needed measures
to address light pollution.

The Councilof | The European 2000 | The first international Memento contributing to the
Europe Landscape treaty to be exclusively implementation of the
Convention of the devoted to all aspects of European Landscape
Council of Europe European landscape. It Convention of the Council of
(the Florence applies to the entire Europe — Towards integrated
Convention) territory of the Partiesand | approaches for landscape
covers natural, rural, urban | monitoring. Adopted by the
and peri-urban areas. 10th Council of Europe
Conference on the European
Landscape Convention, in
Strasbourg on 7 May 2019.
Considered that lighting
emissions should be included
in landscape monitoring.
Trilateral Leeuwarden 2018 | The Declaration aims at the | Requested the Wadden Sea
agreement Declaration (2018) protection and Board to stimulate various
(NL, D, DK) Protection of the maintenance of the initiatives aiming to reduce

Wadden Sea

Wadden Sea World
Heritage.

light emissions, such as
measures to avoid unnecessary
lighting, the exchange of best
practices, technological
innovations or monitoring, for
the benefit of the whole
Wadden Sea Area, whilst
ensuring safety standards
prescribed by pertinent
legislation.
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https://rm.coe.int/16807b6bc7
https://rm.coe.int/16807b6bc7
https://rm.coe.int/16807b6bc7
https://rm.coe.int/16807b6bc7
https://rm.coe.int/16807b6bc7
https://rm.coe.int/16807b6bc7
https://rm.coe.int/council-of-europe-european-la%E2%80%A6/1680968476
https://rm.coe.int/council-of-europe-european-la%E2%80%A6/1680968476
https://rm.coe.int/council-of-europe-european-la%E2%80%A6/1680968476
https://rm.coe.int/council-of-europe-european-la%E2%80%A6/1680968476
https://rm.coe.int/council-of-europe-european-la%E2%80%A6/1680968476
https://rm.coe.int/council-of-europe-european-la%E2%80%A6/1680968476
https://rm.coe.int/council-of-europe-european-la%E2%80%A6/1680968476
https://www.waddensea-worldheritage.org/sites/default/files/2018_leeuwarden_declaration.pdf
https://www.waddensea-worldheritage.org/sites/default/files/2018_leeuwarden_declaration.pdf
https://www.waddensea-worldheritage.org/sites/default/files/2018_leeuwarden_declaration.pdf
https://www.waddensea-worldheritage.org/sites/default/files/2018_leeuwarden_declaration.pdf

Light pollution is of a transboundary character and requires joint actions against this relatively new
problem®'. Current legal instruments at the international level have shown a tendency to gradually
recognize light pollution as a hazardous threat for astronomy, the environment, biodiversity, etc. The
negative impacts of ALAN have been recognized especially within the field of biodiversity
conservation. Various United Nations Environment Programme (UNEP) conventions have drawn
attention to light pollution and adopted guidelines on how to minimize its adverse effects. However, it
should be noted that those guidelines are of an advisory nature, hence the parties are not obliged to
develop their own measures to reduce light pollution. On the other hand, the existing international
legal framework provides for the protection of dark skies to a certain limited degree. For instance, the
special conservation regime of astronomical sites, which are included in the World Heritage List,
requires the preservation of the natural dark skies above these areas. In addition, light pollution is
considered for inclusion as one of the targets for the Post-2020 Biodiversity Strategy®?. This could be an
important milestone for the adoption and development of policies and regulations against increased
ALAN as an environmental problem.

A.2 EU level

This table provides examples of current policies and regulations related to light pollution developed
by the European Union. This table aims to show that the problem of light pollution has been gradually
acknowledged within the EU framework.

' Hélker, F., T. Moss, B. Griefahn, W. Kloas, C. C. Voigt, D. Henckel, A. Hanel, P. M. Kappeler, S. Vélker, A. Schwope, S. Franke, D.
Uhrlandt, J. Fischer, R. Klenke, C. Wolter, and K. Tockner. 2010. The dark side of light: a transdisciplinary research agenda for
light pollution policy. Ecology and Society 15(4): 13. [on-line] URL: http://www.ecologyandsociety.org/vol15/iss4/art13/

52 0pen-ended WG on the Post-2020 Global Biodiversity Framework Zero Draft of the Post-2020 Global Biodiversity Framework
CBD/WG2020/2/3/Add.1 of 6 January 2020, Target 4 Reduce by 2030, pollution from excess nutrients, biocides, plastic waste
and other sources by at least [50%]: Change in amount of other pollutants

(including light and noise). page 7, Available on-line:
https://www.cbd.int/doc/c/2f5f/ea7d/3c7ff4e05fb89094a2222144/wg2020-02-03-add1-en.pdf; See also: Open-ended WG on
the Post-2020 Global Biodiversity Framework First Draft of the Post-2020 Global Biodiversity Framework CBD/WG2020/3/3 of 5
July 2021: Target 7. Reduce pollution from all sources to levels that are not harmful to biodiversity and ecosystem functions
and human health. Available on-line:
https://www.cbd.int/doc/c/abb5/591f/2e46096d3f0330b08ce87a45/wg2020-03-03-en.pdf

Dark and Quiet Skies Il for Science and Society 56


https://www.cbd.int/doc/c/2f5f/ea7d/3c7ff4e05fb89094a2222144/wg2020-02-03-add1-en.pdf
https://www.cbd.int/doc/c/abb5/591f/2e46096d3f0330b08ce87a45/wg2020-03-03-en.pdf
http://www.ecologyandsociety.org/vol15/iss4/art13/

Organization | Treaty, Act, Policy Year | Main aim of the legal Light pollution recognition
[ body act
European Directive 2009/125/EC | 2009 | Established a Defines the regional provisions
Parliament of the European framework for the for setting eco-design
and Council of | Parliament and of the setting of ecodesign requirements on light products
the European | Council of 21 October requirements for as energy-related products and
Union 2009 establishing a energy-related establishing requirements of the
framework for the products. production, distribution, use and
setting of ecodesign end-of-life practice of light
requirements for products.
energy-related
products
European Directive 2000/55/EC 2000 | This Directive aims at Provides standardization
Parliament of the European reducing energy measures for the use of more
and Council of | Parliament and of the consumption for energy efficient lighting.
the European | Council of 18 ballasts for fluorescent
Union September 2000 on lighting by moving
energy efficiency gradually away from
requirements for the less efficient
ballasts for fluorescent ballasts, and towards
lighting the more efficient
ballasts which may
also offer extensive
energy-saving features.
European Directive 2011/92/EU 2011 | This Directive shall Annex IV.1 (c) A description of the
Parliament of the European apply to the project shall include, in
and Council of | Parliament and of the assessment of the particular: an estimate, by type
the European | Council of 13 environmental effects | and quantity, of expected
Union December 2011 on the of those public and residues and emissions (wa