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Research on light pollution and artificial light
at night (ALAN) has undergone rapid evolution,
expanding from primarily astronomy into new
disciplines. A keyword search in Scopus reveals a
466% increase from the number of papers pub-
lished before 2011 (326) to those published be-
tween 2011 and 2020 (1846). Similarly, the
number of papers in Lighting Research and
Technology on these topics increased during the
same period from 4 to 11.

It is well known that ALAN can have adverse
effects on surroundings in terms of sky glow,1

light trespass and discomfort glare,2 degradation
of astronomical observations,3 health impacts4-7

and disturbance of ecosystems.8-10 Observato-
ries need special curfews and light-protected
areas to safeguard their ability to observe the
stars.11 Nature reserves, stargazing locations
and areas designated as protected habitats for
rare and endangered species need to employ
strict principles for design and use of light and
lighting to prevent unwanted impacts. Hence,
light pollution needs to be adequately addressed
and counteracted by the lighting research
community.

In November 2020, a workshop on obtrusive
light, arranged by Divisions 2 and 4 of the In-
ternational Commission on Illumination (CIE)
and the Technical University of Ostrava, con-
vened researchers and professionals from dif-
ferent disciplines to discuss future research
directions. In this correspondence we highlight
six areas that were deemed important to improve
the scientific and metrology basis and update
international standards and guidelines to ad-
dress global concerns with respect to light
pollution.

1. Terminology. The CIE International Lighting
Vocabulary12 defines light pollution as the
‘sum total of all adverse effects of artificial
light’, whereas obtrusive light is defined as
‘spill light which, because of quantitative or
directional attributes, gives rise to annoyance,
discomfort, distraction, or a reduction in
ability to see essential information such as
transport signals’. However, it is unclear (i)
whether artificial light must always be con-
sidered a pollutant, (ii) whether light pollu-
tion only takes place at night, (iii) what the
difference is between light pollution and
obtrusive light and (iv) whether the current
effect-based definitions suffice to describe
these terms. A commonly accepted and sci-
entifically more precise terminology should be
established to avoid confusion and serve
various disciplines.

2. Measurements. Ground-based measurements
of quantities such as luminance and illumi-
nance are performed using devices equipped
with photopic filters (V(λ)-based) which can
provide traceable measurements to the In-
ternational System of Units (SI). Sky glow,
on the other hand, is mainly measured using
devices with non-standardised bandpass fil-
ters (e.g. astronomical or wideband ones) and
commercial RGB cameras. Remote sensing
techniques use RGB or satellite sensors with
limited responsivity in a certain range of the
visible spectrum. There is a large variety of
measurement methods, metrics and quanti-
ties,13 which in many cases have no direct
linkage to the SI, making comparisons
problematic. Standardised measurement
conditions for each measurement type are
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lacking, making it difficult to estimate mea-
surement accuracy, and reproducibility, and
comparability between different types of
measurements. None of the above methods
considers light’s potential environmental
impact. This incomparability and non-
traceability of current measurement
methods lead to heterogeneous and some-
times misleading research findings. There-
fore, there is a need to unify and develop a
metrology system for obtrusive light, sky glow,
and light pollution. For this, two steps are
critical: firstly, a well-defined calibration pro-
cedure for measuring equipment must be es-
tablished and secondly, standard measurement
conditions and procedures for field measure-
ments should be developed and validated.

3. Calculation and modelling. Current calcula-
tion software focuses on photopic calculations
for commonly used installations, such as
roads, facades, sports and area lighting. Spe-
cialised calculation models have been devel-
oped and used mainly for research purposes to
estimate the macroscopic influence of ALAN
(i.e. sky glow) and usually do not consider
environmental and ecological aspects of ob-
trusive light. New software is needed so that
these aspects are included.

4. Lighting classes and recommendations.
Improper implementation of lighting classes
based on international or national standards
may result in overlit or underlit target areas.
Overlit areas may lead to increased light
pollution, energy consumption and climate
change impacts. In Europe, some local
governments incorrectly install M-class road
lighting in rural areas with low traffic, ar-
guing that this complies with the European
road lighting standard (EN 13201-2).14

However, installations should be justified
based on profitability or traffic safety as
recommended by CIE 11515 or motivated by
users’ needs (e.g. CIE 23616). Underlit areas
will result in costs but may not produce the
expected benefits for the users. Organisations

producing steering documents, recommenda-
tions and norms are not responsible for
controlling proper implementation because
compliance and sanctions for non-compliance
are governmental tasks typically. Moreover,
it remains to be established whether proper
implementation of road lighting standards
effectively reduces light pollution and un-
wanted ecological impacts. New technolo-
gies and products that enable optimised
light control at night-time are now be-
coming available in the market, but there
are few studies and practical recommen-
dations on how to use them effectively. For a
given lighting class, light pollution can be
minimised by optimised lighting design and
appropriate time management using sensors
and smart functionality. Adaptive road light-
ing is considered a promising and powerful
instrument to considerably mitigate light
pollution.

5. Environmental lighting zones. The current
environmental lighting zones, E0–E4,17

should be updated to incorporate new re-
search from environmental and ecological
disciplines,9,10 which was not included when
the zones were defined and established.
Moreover, in some environments, such as
aquatic or open habitats, light can propagate
over large areas while such habitats are es-
pecially sensitive to the impact of light pollu-
tion.18 Current environmental zones can be
extended to better incorporate ecological im-
pacts via environmental criteria. Alternatively,
an additional zoning system could be estab-
lished for this purpose, for instance, including
national conservation values for species and
habitats, management plans and an evaluation
of the risk of deleterious impacts of ALAN on
various species or taxa.

6. Regulatory lighting framework and new
knowledge. New global recommendations
proposed by the Dark and Quiet Skies for
Science and Society highlight the need for
overall improved lighting design to reduce

192 AK Jägerbrand et al.

Lighting Res. Technol. 2022; 54: 191–194



light pollution.9,11 Lighting regulations should
incorporate prioritised sustainable develop-
ment targets set by the United Nations or by
national and (local) governments, for instance,
concerning climate change, energy efficiency,
and reduced environmental and ecological
impacts. However, local government officials,
politicians or professional consultants such as
lighting designers may not be able to keep up
with current state-of-the-art of lighting tech-
nologies and designs and may find it chal-
lenging to adapt their light designs to new
research findings, user needs and specific
ecological considerations. To close the gap
between research and practice, intra- and in-
terdisciplinary collaborations spearheaded by
the CIE and involving lighting organisations/
associations such as the International Astro-
nomical Union, the International Union for
Conservation of Nature, the International
Dark-Sky Association and the International
Association of Lighting Designers should be
supported and encouraged.

The CIE also recognises the importance of
light pollution and has two technical committees
(TC 4-58: Obtrusive light from colourful and
dynamic lighting and its limitation and TC 4-61:
Artificial lighting and its impact on the natural
environment) and a reportership (DR 4-53: En-
vironmental aspects of obtrusive light from out-
door lighting installations) that are dealing with
aspects of obtrusive light and light pollution.
Furthermore, the existing documents CIE 001,19

CIE 12620 and CIE 15017 will be updated and a
new technical committee on the measurement of
obtrusive light and sky glow has been established
(TC 2-95: Measurement of obtrusive light and sky
glow).
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Jechow A, et al. Measuring night sky brightness:
methods and challenges. Journal of Quantitative
Spectroscopy and Radiative Transfer 2018; 205:
278–290.

14 European Committee for Standardization. Road
Lighting Part 2: Performance requirements. CEN-
EN 13201-2:2015. Brussels, Belgium: CEN, 2015.

15 Commission Internationale de l’Eclairage (CIE).
Lighting of Roads for Motor and Pedestrian Traffic.
CIE 115:2010. Vienna, Austria: CIE, 2010.

16 Commission Internationale de l’Eclairage (CIE).
Lighting for Pedestrians: A Summary of Empirical
Data. CIE 236:2019. Vienna, Austria: CIE, 2019.

17 Commission Internationale de l’Eclairage (CIE).
Guide on the Limitation of the Effects of Obtrusive
Light from Outdoor Lighting Installations. CIE
150:2017. 2nd Edition. Vienna, Austria: CIE, 2017.
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Guidelines for Minimizing Urban Sky Glow Near
Astronomical Observatories. CIE 001:1980.
Vienna, Austria: CIE, 1980.

20 Commission Internationale de l’Éclairage (CIE).
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