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Abstract 

This dissertation contributes to an emerging, interdisciplinary body of research 
that aims to better understand how and why artificial outdoor lighting is used, and 
what impact the individual and cumulative unintended effects of artificial lighting, 
generally subsumed under the term light pollution, have. By providing 
classifications and developing methods of comparative inquiry, it contributes to 
the further generation of foundational knowledge that is urgently needed to inform 
the ongoing search for ways of balancing the manifold costs and benefits of 
artificial lighting in policy-making and planning. 

With its geographic focus on the brightly lit countries of the global North, this 
dissertation embraces the complexity of lighting and light pollution and addresses 
voids in the landscape of interdisciplinary research with systematic inquiries into 
three largely uncharted territories. Firstly, it explores everyday lighting practices, 
taking into view the composition and temporality of urban lightscapes, for which it 
develops a method of documentation and analysis. Secondly, it inspects the 
novel policy approach of protecting darkness via designation in largely unlit 
areas, and the range of actors and interests involved in such dark-sky desig-
nations. Thirdly, it takes into view contemporary conflicts about concrete artificial 
outdoor lighting situations, and develops a tool for their analysis to allow for 
comparative studies and systematizations of lighting conflicts. 

By generating knowledge on (1) the diversity of lighting practices, (2) the diversity 
of stakeholder interests in the protection of darkness, and (3) the diversity of con-
flicts revolving around lighting, this dissertation complements the evolving mosaic 
of knowledge emerging from interdisciplinary lighting studies. The range of case 
studies and issues addressed reflect the spectrum of lighting situations: the first 
section focuses on areas that are amongst the most brightly lit, the second on 
areas in which artificial lighting is at a minimum, and the third adopts a trans-
versal approach by studying a cross-section of conflicts about lighting in a variety 
of contexts. 

This dissertation demonstrates, and exemplifies, the necessity to look far beyond 
the technical realm to achieve sustainable lighting policies, and makes the case 
that such policies need to address both public and private forms of lighting, as 
well as the unequal balance of power between producers and receivers of light. 
Through developing reproducible methods able to capture and analyze the 
multidimensionality of artificial outdoor lighting and its effects, it makes a 
contribution to the systematization of knowledge on lighting and light pollution. 
Such knowledge is much needed, as it provides essential points of orientation for 
the development of more sustainable planning and policy approaches for artificial 
outdoor lighting.  
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Kurzfassung 

Diese Dissertation trägt zu einem wachsenden, interdisziplinären Forschungs-
bereich bei, der erforscht, wie und weshalb künstliche Außenbeleuchtung einge-
setzt wird und welche Folgen die individuellen und kumulativen unbeabsichtigten 
Auswirkungen künstlicher Beleuchtung haben. Diese werden gemeinhin unter 
dem Begriff Lichtverschmutzung gefasst. Indem sie Systematiken und Methoden 
für vergleichende Untersuchungen entwickelt, trägt sie zur weiteren Generierung 
von Grundlagenwissen bei, welches dringend benötigt wird, um fortlaufende 
Abwägungen zwischen den vielfältigen Kosten und Nutzen der künstlichen 
Beleuchtung zu informieren.  

Die Dissertation nimmt die Komplexität von künstlicher Beleuchtung und 
Lichtverschmutzung in den hell erleuchteten Ländern des globalen Nordens in 
den Blick, und bearbeitet systematisch drei noch weitgehend unerforschte 
Gebiete in der interdisziplinären Forschungslandschaft. Erstens werden all-
tägliche Lichtpraktiken erkundet, indem die Zusammensetzung und die Zeitlich-
keit urbaner Lichtlandschaften untersucht werden, für deren Dokumentation und 
Analyse eine Methode entwickelt wird. Zweitens wird der neuartige politische 
Ansatz, nicht oder wenig beleuchtete Gebiete zwecks Schutz ihrer Dunkelheit 
auszuzeichnen, thematisiert, indem die Bandbreite der Akteure und Interessen, 
die an solchen Auszeichnungsprozessen beteiligt sind, untersucht wird. Drittens 
werden zeitgenössische Konflikte über konkrete Außenbeleuchtungssituationen 
in den Blick genommen. Für deren Analyse wird ein Werkzeug entwickelt, 
welches vergleichende Studien und Systematisierungen von Lichtkonflikten 
ermöglicht. 

Die Dissertation generiert Wissen zur (1) Vielfalt von Lichtpraktiken, zur (2) 
Vielfalt von Stakeholderinteressen in Bezug auf den Schutz der Dunkelheit, und 
zur (3) Vielfalt von Konflikten um künstliche Beleuchtung und ergänzt damit das 
sich entwickelnde Wissensmosaik der interdisziplinären Lichtforschung. Die 
Bandbreite der untersuchten Fallstudien und der behandelten Themen spiegeln 
die Bandbreite existierender Beleuchtungssituationen: Im ersten Teil werden 
Bereiche fokussiert, die zu den am hellsten beleuchteten gehören, im zweiten 
Teil sind es Bereiche mit minimaler künstlicher Beleuchtung, während der dritte 
Teil einen übergreifenden Ansatz verfolgt, indem ein Querschnitt an Licht-
konflikten betrachtet wird, die in unterschiedlichen Kontexten stattfanden. 

Diese Dissertation demonstriert und veranschaulicht den Bedarf, weit über 
technische Fragen hinauszuschauen, um nachhaltige Lichtpolitiken zu ent-
wickeln, und plädiert dafür, dass solche Politiken sowohl private und öffentliche 
Beleuchtungsinstallationen, als auch das Kräfteungleichgewicht zwischen Licht-
produzenten und Lichtempfängern thematisieren müssen. Indem sie reproduzier-
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bare Methoden entwickelt, die es ermöglichen, die Mehrdimensionalität der 
künstlichen Außenbeleuchtung und ihrer Wirkungen zu erfassen und zu ana-
lysieren, trägt sie zur Systematisierung von Wissen über Beleuchtung und Licht-
verschmutzung bei. Solches Wissen ist erforderlich, da es essenzielle Orien-
tierungspunkte für die Entwicklung nachhaltigerer Planungs- und Politikansätze 
für künstliche Außenbeleuchtung zur Verfügung stellt. 
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1 Introduction 

1.1 Relevance of the topic and field of research 

1.1.1 Lighting and light pollution: Benefits, costs and changing perceptions 

Until fairly recently, artificial outdoor lighting went largely unquestioned in Western 
countries: its benefits seemed apparent and nearly exclusive. This has changed 
significantly with the growing body of knowledge and increasing academic and public 
debates about unintended effects of artificial lighting that are taking place against the 
backdrop of rapidly growing illumination. These effects, generally subsumed under 
the term light pollution, are highly varied: They reach from impacts on species and 
ecosystems to nuisance issues, and from the reconfiguration of nightscapes to the 
reduced visibility of the night sky. Many of these effects can be summarized in the 
notion that the night is being replaced by an artificial second day in terms of lighting 
conditions. 

Artificial lighting is thus arguably undergoing a process of revaluation. This 
reappraisal is quite radical, as it is changing the perception of lighting from something 
that was considered almost purely beneficial and benign into something that has 
serious downsides to the point that it can be harmful. While lighting continues to be a 
prerequisite for us to be active long after sundown, while it still makes obstacles 
visible and can enchant the night, it now also impedes our quality of sleep, draws 
insects to their death in masses, keeps nocturnal animals from foraging or mating, 
and disconnects us from the universe we live in. In essence, artificial lighting has 
become double-natured: It can, at once, be a public good and a public bad (Henckel 
& Moss, 2015). 

This dissertation is firmly set in the evolving field of interdisciplinary research that 
takes into view this double-naturedness of artificial outdoor lighting. From a vantage 
point at the crossroads of social sciences and spatial planning, it is interested in 
better understanding the actors and interests that stand behind and shape the 
lightscapes that can be observed every night. This interest is fuelled by the conviction 
that the development of planning and policy approaches are necessary that are fit to 
cope with both the costs and the benefits of outdoor artificial lighting – and that for 
the development of such approaches, a sound body of research is indispensable. 

This introduction will first outline the increase of outdoor lighting and reasons for it, 
provide an overview of the developing body of knowledge regarding the effects this 
increasing illumination of the night has, and provide an impression of current policy 
responses. It then goes on to outline the area of research within which this 
dissertation is placed, to ultimately introduce the dissertation itself. 
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1.1.2 The increase in outdoor lighting: Ever more and ever further 

Artificial outdoor lighting has become an everyday commodity in many parts of the 
world. This easily obscures the fact that the illuminated nights we know and take for 
granted today are a fairly recent development. The first public gas lanterns were only 
taken into operation in 1807 in a section of London’s Pall Mall – at the event of the 
king’s birthday (Brox, 2015, p. 19; Schivelbusch, 2004, p. 113) (image 1.1). The light 
they produced was far brighter than that of the oil lamps – often fuelled with whale oil 
– used for lighting the streets until then, which mainly served as points of orientation 
(Schivelbusch, 2004, p. 96). Schivelbusch quotes a contemporary magazine as 
reporting that “One gas candelabrum provides more light than twenty regular oil 
lamps.” (Schivelbusch, 2004, p. 113). Nonetheless, it can hardly be compared to the 
luminosity of street lights of today: For many decades, streetlights produced what 
might be imagined as pools of light, which, with the stepwise advancements in 
lighting technology, grew larger over time (Schivelbusch, 2004, p. 113). Only as of 
the late 19th century, with the advent of the industrial – especially: electrical – 
production of illumination did city streets and squares begin to be fully illuminated 
spaces (Schivelbusch, 2004, p. 96). 

 

Image 1.1: “A Peep at the Gas Lights in Pall Mall”, caricature of reactions to the 
installation of the new gas street lights in London. Thomas Rowlandson, 1809. Source: 
Wikimedia Commons, 2008. 

Also the uninterrupted illumination that we know today – so: that streetlights are kept 
on all night, every night – is not much over 100 years old: Until around the turn of the 
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last century, and despite the switch to gas lighting, which demanded far less tending 
than its predecessors, cities oriented their lighting practices on natural light 
conditions. For example in 19th century Leipzig, all but a few street lights remained off 
around the time of the full moon, while in Paris two categories of lanterns existed – 
permanent lanterns, kept on from sundown to sunup, and variable lanterns, that were 
only taken into operation when moonlight did not suffice. Even into the early 20th 
century, many cities applied ‘moonlight schedules’: on clear moonlit nights, lanterns 
were switched off earlier than usual, generally shortly after midnight (Schivelbusch, 
2004, p. 92). These sophisticated regulatory schemes reflect that, at the time, light 
was a precious resource and not to be squandered. 

Following a long span of largely incremental developments, from candles in windows 
to oil lanterns to gaslight and its improvement over time (Brox, 2015, p. 24), the 
advent of ‘clean’ and increasingly efficient electrical lighting marked a milestone in 
the illumination of the night. Along with the electrical infrastructures necessary for 
their operation, street lights, illuminated signs and buildings gradually spread from 
city centers to ever-further reaches from the late 19th century onwards (Posch, 2013, 
p. 23). This step-wise and spatially uneven development towards systematically 
brighter nights was partially slowed by the 2nd World War. Since then, however, the 
increase in outdoor illumination has been fast-paced both in terms of geographic 
spread and of brightness (Posch, 2013; Royal Commission on Environmental 
Pollution, 2009, p. 5). 

It is estimated that the amount of artificial outdoor light grew at a worldwide average 
rate of approximately 3-6 percent per year (between 0-20 percent per year, 
depending on the geographic region) during the second half of the 20th century 
(Hölker, Moss, et al., 2010). More recent studies based on satellite imagery come to 
the conclusion that lighting has continued to increase in all but a few countries of the 
world. While differences in national growth rates were large, the overall global 
increase of artificially lit outdoor area between 2012 to 2016 is valued at 2.2 percent 
per year, the increase in total radiance at 1.8 percent per year overall, and at 2.2 
percent for areas that were continuously lit over the time of observation (Kyba, 
Kuester, Sánchez de Miguel, et al., 2017). These numbers are estimated to be at the 
lower bounds of the actual increase in lighting, because the remote sensing 
technology used is “effectively blind” to light in the blue spectrum – which is an 
important component of the ‘white’ light emitted by light-emitting diodes (LEDs), 
which over the past ca. 10 years have become the new standard in street lighting 
(Kyba, Kuester, Sánchez de Miguel, et al., 2017). 

As nighttime satellite images also well illustrate, artificial lighting has spread to cover 
ever-greater areas far outside of urban cores (image 1.2). In the global North, even 
the smallest towns meanwhile have electric power – and thus, with very few 
exceptions, outdoor lighting. Light is a standard component of widespread processes 
of urbanization and suburbanization: where human settlements exist or grow, nights 
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are generally illuminated. Outdoor lighting is, however, not only a by-product of 
urbanization: far from cities and towns, artificial light is also carried into remote areas 
for purposes such as gas and oil mining or large-scale fishing (Hölker, Moss, et al., 
2010 app. 1). Importantly, once outdoors, light, by its nature, does not stay in place 
or stop at borders. Rather, it can travel great distances and illuminate areas far from 
the source. This means that even places where there is no or very little artificial 
lighting may never become naturally dark at night. For example, the lights of Las 
Vegas are visible in the otherwise largely unlit and unpopulated Death Valley 
National Park at a distance of over 200 kilometers (NPS, 2012), just as the light 
dome of Berlin – which is, by comparison to other European capitals, a fairly dimly lit 
city (Kyba, Garz, et al., 2014) – is visible on the horizon of the Westhavelland Dark-
Sky Reserve at a distance of over 70 kilometers. 

 

Image 1.2: Europe at Night 2016 (cropped from the Earth at Night). Source: NASA, 2017 

1.1.3 Reasons for the increase in outdoor lighting: Driving factors and missing 
brakes 

What are the factors behind this unprecedented development? Based on a review of 
literature from a variety of disciplines and my accumulated knowledge of the field, I 
would trace the rapid increase in the illumination of the night largely to six broad 
strands of reasons that are closely intertwined and often reinforce each other (the 
order of presentation is not meant to suggest an order of importance): 

Firstly, in Western culture, light carries almost exclusively positive connotations, while 
darkness is largely – though not solely – negatively conceptualized (Edensor, 2013a, 
p. 3; Posch & Seitter, 2013). Common expressions such as ‘shedding light on 
something’ or ‘a bright idea’, or the term ‘enlightenment’ for the historic period versus 
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the earlier ‘dark ages’ exemplify this connotation. Bille and Sørensen (2007, p. 272) 
note that light “is seen as deeply entwined with ‘existence’ in the history of western 
thought” and that it is “a metaphor for truth, purity, revelation and knowledge”. 
Though artificial light unquestionably experienced a certain amount of criticism and 
resistance when it was first installed on a larger scale (Lorenz, 2013; Posch & Seitter, 
2013, p. 49f), it largely prevailed as a symbol of modernity, urbanity and security 
(Meier, Pottharst, Krause, & Hasenöhrl, 2015). In the first decades of the 20th 
century, European cities such as Paris and Berlin competed for the honorary title ‘city 
of lights’, attempting to outdo each other with ever more and brighter illuminations 
(Schlör, 1991, p. 68). Similarly, on the other side of the Atlantic, when electric lighting 
was introduced in the United States, “Brighter came to stand for better” and “Nothing 
symbolized modern progress more than brightly lit city streets” (Jakle, 2001, pp. 56, 
15). 

Secondly, artificial light can serve as a tool for many purposes. It is put to use for 
functions as diverse as increasing traffic safety and (the feeling of) security, for 
attracting attention to products or venues and for communicating messages, for 
exerting control in streets and on premises at night, as a means of place-making in 
urban renewal and of creating unique atmospheres for everynight and for special 
occasions, and as an integral component of rituals and festivities (Auer, 1994; 
Hänsch, Könecke, Pottharst, & Wukovitsch, 2013, pp. 24–30; Jakle, 2001, pp. viii, ix; 
Krause, 2013). Broken down to a more fundamental level, artificial lighting allows 
humans with their “diurnal bias” (Rich & Longcore, 2006b, p. 1) to largely decouple 
themselves from the phases of light and darkness determined by the time of year and 
day, which long dominated human rhythms and possibilities. By extending our 
freedom of action during the night, it creates both economic1 and social opportunities. 
As such, artificial light is an essential prerequisite for around-the-clock production, 
consumption and mobility at any larger scale: the notions of “24/7”-societies or the 
“colonization” of night would hardly be thinkable without it (Henckel, Meier, Pottharst, 
& Wukovitsch, 2013, p. 209f; Jakle, 2001, p. viii; Melbin, 1987). 

Thirdly, the increase in lighting appears to also feed upon itself through a process of 
habituation: Over the course of history, we have successively grown used to – and 
come to expect – ever-higher amounts of illumination. As historians illustrate, 
advancements in technology were repeatedly hailed as sensations – “celebrated as 
artificial suns that turn the night into the day” (Schivelbusch, 2004, p. 94; own 
translation) – only to soon themselves appear as dim and insufficient as their 
forerunners had once new lights were introduced (Brox, 2015, p. 27; Schivelbusch, 
2004, pp. 94f, 113ff). This may, not least, be connected to the biology of our eyesight 
and a manifestation of our diurnal bias: the photoreceptors that evolved for day vision 
(cones) adapt to changing light conditions far faster than those for low-light 
                                                   
1  Hochstadt (2010, p. 151) refers to light as the “delivery nurse at the birth of capitalism” (own 

translation). 
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conditions (rods) (Caruso, n.d.). As a result, once we have looked into brighter light, 
an area that appeared well-illuminated before suddenly appears dark – or a light 
source that seemed bright may seem dim. A further aspect of our habituation to light 
relates to its spatial distribution: as Henckel (2013, p. 33) argues, once lighting has 
become established in an area, it is generally only removed under very specific 
conditions, such as catastrophes or harsh economic crises. 

Fourthly, with advances in lighting technology, lamps have become increasingly 
efficient, allowing for an ever-greater luminous output per unit – and per Dollar. The 
luminous efficacy of artificial light sources increased by an average of 3.6 percent 
annually between 1800 and 1992 (Nordhaus, 1996, p. 36; Posch, 2013, p. 28). Less 
energy is thus needed for substantially brighter lighting, effectively making light 
cheaper. Judging by the hours of work necessary for an individual to finance a 
particular amount of light, the price of light experienced more than a 15-fold deflation 
between 1950 and 1992 alone (Nordhaus, 1996, p. 46f). And: “In the span of 200 
years, the typical (English) person’s annual consumption of artificial light has 
increased by a factor of 12 000, from 5 kilolumen-hours at the beginning of the 19th 
century to 60 megalumen-hours today, although no higher share of disposable 
income is being spent on it” (Waide & Tanishima, 2006, p. 26). The most recent 
technological breakthrough, ‘white’ LEDs, perpetuate this development: not only are 
they highly efficient in terms of luminous output, but also in terms of projected life-
span and required maintenance – while comparably expensive to purchase at first, 
their price has dropped significantly within a matter of a few years. Such gains in 
efficiency through technological innovation often prompt what economists refer to as 
rebound effects, through which potential savings are offset by increased 
consumption, such that even a net increase in energy use can result (Herring & Roy, 
2007). In the case of artificial lighting, the availability of more efficient lights has 
consistently resulted in increased levels of brightness, rather than maintained 
brightness and energy savings (Posch, 2013, p. 28f; Tsao & Waide, 2013). For 
example, electric lights’ efficiency doubled in the United Kingdom between 1950 and 
2000, while its per capita consumption quadrupled (Fouquet & Pearson, 2006, p. 
168). A recent study indicates that the remarkable gains in luminous efficacy attained 
with LED technology are likely leading in a similar direction (Kyba, Kuester, Sánchez 
de Miguel, et al., 2017). 

Fifthly, substantial business interests are tied to the planning, installation, operation 
and maintenance of artificial outdoor lighting. The lighting and the illuminated 
advertisement industries, utility companies and energy service providers as well as 
lighting planners and designers all have financial stakes in the making and shaping of 
lighting (Meier & Pottharst, 2013, pp. 37–46). In the early 1970s, Riegel noted “A 
vigorous, well-financed, and highly effective public relations and promotional 
campaign for increased outdoor illumination by manufacturers and suppliers of 
lighting equipment, their trade organizations, and related technical and professional 
societies” as one of the driving forces for increased illumination levels in the US 
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(1973, p. 1289f). For utility companies, outdoor lighting – particularly street lighting – 
provides an important means to equalize load curves across diurnal cycles: regular 
energy demand is ensured at night, which helps to even out daytime peak loads for 
which power stations are dimensioned (Clanton as quoted by Bogard, 2013, p. 234; 
Jakle, 2001, p. 78). 

Finally, lighting has only been regulated to a very limited extent. Existing policies 
focus first and foremost on provisions for road traffic safety and enhancing energy 
efficiency, which is strongly linked to aims in cost savings and often also the 
reduction of greenhouse gas emissions (see Meier & Pottharst, 2013 for an analysis 
of stakeholders and rationales). With few exceptions, especially mitigating glare an 
distractions as a safety hazard on streets, the aim of these policies has not been to 
curb the amount of lighting produced. Rather, they can largely be seen as catalyzers 
for the increase in illumination: regulations and professional standards for street 
lighting focus on minimum values of illumination, and the numerous devices aiming to 
increase energy efficiency, such as the European Union’s Ecodesign Directive for 
energy-using products (European Parliament & Council of the European Union, 
2009) and many government incentives for streetlight upgrades to LED, do not take 
potential rebound effects in terms of overall increases in brightness into account 
(Kyba, Hänel, & Hölker, 2014). This reflects the arguably dominant rationale with 
which outdoor lighting is currently being governed, which is rather technical in nature, 
addresses almost only one type of lighting (namely public street lighting) and is 
geared toward enabling. 

The process of increased illumination of the night thus seems to result from a 
combination of pull-factors/driving factors, which are closely coupled with our culture, 
economic systems and, not least, human nature, and of a lack of brakes in the form 
of boundaries set by technological potential, costs, or regulatory measures. 

1.1.4 Increasing research interest in the effects of lighting: Light pollution 

While the increase in outdoor lighting can be read as a continuous, though clearly not 
linear, development, attention for it has not been evenly spread over time. Rather, 
over the course of the development and proliferation of artificial outdoor lighting, 
interest has peaked at moments when new technologies were introduced, and 
shallowed as these became normal. Especially from the 1950s onwards, interest in 
artificial outdoor lighting decreased to the extent that it was mostly treated as a purely 
operational and technical matter that was generally left to engineers. Artificial 
illumination melded into the background of urban nights, becoming an integral and 
apolitical part of everyday life (Meier et al., 2015; Shaw, 2018). Thus, “in what may 
appear to be a paradoxical development, as nights became ever brighter, the light 
illuminating them became all but invisible.” (Meier et al., 2015, p. 1) 
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When around the mid-2000s interest in outdoor lighting returned once more, it was, 
however, not first and foremost sparked by the introduction of new technology. Much 
rather, a strong driving force has been the realization that the extent and way in 
which we are illuminating the night can have a wide range of – generally unwanted 
and unintended – effects in addition to those that the lighting is meant for. While 
knowledge on some such side-effects has existed for decades or more (e.g. the 
attraction of migratory birds to light, or the reduced visibility of stars from vantage 
points in or near cities), recent years have seen the discovery of many more. These 
have come to be conceptualized under the broad term of “light pollution”, and 
garnered increased research interest in a wide variety of disciplines. 

Astronomers were by all accounts the first to take a decided interest, and are likely 
the ones that coined the term. While astronomers had already been retreating from 
encroaching lights since the early 20th century, things reached a tipping point by the 
1970s: the detection of faint celestial objects became increasingly hampered by 
skyglow, such that several principal research observatories such as Mount Wilson in 
the United States were no longer capable of fulfilling the full range of their work – and 
the question arose whether soon professional astronomical research would only 
more be possible from outer space (Hölker, Moss, et al., 2010; Luginbuhl, Walker, & 
Wainscoat, 2009; Riegel, 1973). Riegel, himself a professional astronomer and 
author of one of the very first scientific articles on “light pollution”, points out that 
outdoor lighting comes at a cost that goes beyond that of the energy and 
maintenance needed to operate it: “Part of the indirect cost of outdoor lighting has ! 
included the obsolescence of scientific facilities, usually gradually over a number of 
years. Such costs are almost never considered by the agencies that authorize 
lighting projects” – and calls for both the systematic quantitative assessment of light 
pollution, and for broader policy responses that address the problem (Riegel, 1973). 

From around this time, researchers took an increasing interest in grasping both the 
extent and the side-effects of the illumination of the night in a successively growing 
number of fields: first in astronomy, and from around the turn of the millennium 
onward in ecology, and more recently also in human health. Following these broad 
lines, the notion and effects of light pollution can be divided into four broad fields, 
which are outlined below, expanding on Shaw (2018, p. 54ff). 

Firstly, astronomical light pollution refers to the impact of artificial light on the visibility 
of celestial objects. It was not only the first form of light pollution to be identified, but 
is arguably also the most obvious and directly tangible type. Given the sensitivity of 
the human eye to light, it does not take much for faint stars that would be visible to 
the dark-adapted eye to effectively be erased from the night sky. This can be caused 
both by illumination on the ground (especially via glare), and by skyglow, i.e. the 
diffuse luminance of the night sky caused by artificial lighting (Flanders, 2008). While 
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direct light can be escaped from fairly easily, skyglow is far more pervasive2, as it can 
affect areas hundreds of kilometers removed from the light sources themselves – for 
example, the lights of Honolulu affect the sky over Mauna Kea, Hawaii, which is 300 
kilometers away (Luginbuhl et al., 2009). Even though telescopes are far less 
restricted by light than the human eye itself, the observation of the more distant – and 
thus more faint – celestial objects that are of particular research interest today is 
nonetheless quickly impacted (Shaw, 2018). 

A first global estimate of astronomical light pollution was published in 2001 as “The 
first World Atlas of the artificial night sky brightness” – the authors came to the 
conclusion that over two-thirds of the United States’ population and more than half of 
the European Union’s population could no longer see the Milky Way by naked eye, 
and that around 40 percent of the US population and ca. 20 percent of that of the EU 
live in areas where the average human eye can no longer fully adapt to night vision 
(Cinzano, Falchi, & Elvidge, 2001). In 2016, the follow-up study concluded that the 
Milky Way is no longer visible for more than one-third of the world’s population, 
including 60 percent of Europeans and almost 80 percent of North Americans (Falchi 
et al., 2016). As such, astronomical light pollution does not only affect amateur and 
professional astronomers, but – within only a few decades – has also significantly 
altered the way in which most of us in highly urbanized Western countries experience 
the night, and questions arise as to the cultural effects of large portions of the 
population being severed from the view of the universe (Bogard, 2013; Schulte-
Römer, Dannemann, & Meier, 2018). A resulting concern is that the loss of the 
experience of the night sky and of nighttime darkness is leading to a shifting baseline 
syndrome and environmental generational amnesia among large portions of the 
population: in both cases, the given situation is viewed as what is typical or normal 
for lack of experience of unpolluted conditions (Lyytimäki, 2013).  

Secondly, ecological light pollution refers to the effects of artificial lighting on the 
living environment. As Shaw (2018, p. 55) notes, knowledge about certain effects far 
predate the coining of the term, but have only recently “been recognized as a 
coherent set of issues”. A landmark publication to this end was the volume 
“Ecological Consequences of Artificial Night Lighting” by Rich and Longcore (2006a), 
as it brought together existing and partially well-known, but scattered evidence of the 
effects of artificial lighting on a broad range of taxonomic groups. Issues here are the 
alteration of nighttime environments through “chronic or periodically increased 
illumination, unexpected changes in illumination, and direct glare” (Rich & Longcore, 
2006a, p. 191). These effects of artificial illumination impact a broad range of species 
in different ways, affecting nighttime orientation, behavioral patterns (esp. mating, 
foraging), as well as processes within individual organisms (esp. molecular circadian 

                                                   
2  As Raymo puts it: “Imagine listening to a live string quartet outdoors in Times Square at rush 

hour; that’s the aural equivalent of looking at the night sky from the environs of a city or suburb” 
(2001, p. 33). 
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clocks) and mortality (Davies, Bennie, Inger, & Gaston, 2013; Royal Commission on 
Environmental Pollution, 2009). For example, many types of birds, sea turtles and 
insects can experience severe navigational disorientation through artificial light 
sources, resulting in exhaustion and oftentimes death, and light can pose a migratory 
barrier e.g. to fish and bats (Rich & Longcore, 2006a). The effects of outdoor 
nighttime lighting on plants have only seen little research to date, however, the fact 
that lighting has long been used in greenhouses to precisely and industrially control 
plant growth indicates that this is a further far-reaching dimension. Existing outdoor 
studies observed e.g. that typical nighttime light exposure can cause earlier tree 
budburst, or development delays and yield reduction in soybean crops (Ffrench-
Constant et al., 2016; Illinois Center for Transportation, 2017). 

Importantly, these effects are not only relevant at the level of individual organisms or 
species, but at a systems scale: though highly complex and yet poorly understood, 
several studies point toward lighting-induced shifts in ecosystems, e.g. through 
altered hunter-prey relations (Gaston, Visser, & Hölker, 2015; Hölker, Wolter, Perkin, 
& Tockner, 2010; Manfrin et al., 2017). Furthermore, recent studies have highlighted 
the detrimental impacts artificial lighting can have on pollinators – and thus also on 
key ecosystem services that our agricultural production systems rely on (Knop et al., 
2017). Much research awaits to be done on the ecological effects of the illumination 
of the night, and we are likely still far removed from possibilities of overall 
quantification (comp. Pottharst & Wukovitsch, 2015). However, their dimension can 
be imagined when one considers that life on earth evolved under daily and seasonal 
rhythms of light and darkness, which are being significantly altered in what might 
translate to a split second in evolutionary terms – and that roughly 30 percent of all 
vertebrates and over 60 percent of all invertebrates are nocturnal, with sensory 
organs and habits specifically adapted to the rapidly disappearing conditions of 
natural darkness (Hölker, Moss, et al., 2010; Hölker, Wolter, et al., 2010). Against 
this background, Longcore (2015) argues that light pollution is a profound form of 
anthropogenic global change to what ‘night’ has been for millennia. 

Thirdly, anthropological light pollution refers to the effects of lighting on human health 
and well-being. While evidence is still scarce and highly debated regarding the 
effects of outdoor nighttime lighting on human health, studies regarding effects of 
indoor light at night – including computer and smartphone screens – have repeatedly 
shown the relevance of exposure to light for our circadian system. As is the case with 
other living beings, light is an important Zeitgeber for our inner clocks, and we are 
especially sensitive to light in the blue spectral range: by triggering nonvisual 
receptors in our eyes, it affects the body’s production of neurotransmitters and 
hormones (Stevens & Zhu, 2015; Zielinska-Dabkowska, 2018). A particular point of 
interest is that already fairly small amounts of light in the blue spectrum suffice to 
suppress melatonin secretion, which affects our ability to sleep, and that darkness is 
necessary for our bodies’ cells to regenerate at night. As such, exposure to artificial 
light – and especially the ‘wrong type of light at the wrong time’ – has been 
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associated with a variety of effects, e.g. on sleep-wake cycles, eating patterns, 
metabolism, mental alertness, blood pressure and heart rate, body temperature, 
mood patterns and the immune system (Shaw, 2018; Stevens & Zhu, 2015; 
Zielinska-Dabkowska, 2018). 

Coming back to outdoor lighting, these observations have led to concerns over the 
recent rapid and widespread introduction of highly energy-efficient ‘white’ LED 
streetlights, which have a significant peak in the blue spectral range: In 2016, the 
American Medical Association (AMA) issued a widely publicized report warning that 
the introduction of white LED lighting may pose a public health risk by disturbing our 
sleep and affecting our circadian rhythm, in addition to exacerbating effects on other 
species (American Medical Association, 2016). Precise linkages between outdoor 
lighting and adverse effects on human health are both highly controversial3 and 
difficult to prove. By contrast, the nuisances that glare, very bright, blinking or moving 
lights can cause are far more obvious – and a key reason for debates over light 
pollution (Schulte-Römer et al., 2018). 

Fourthly, while the term is currently not in use, I would suggest a category that might 
be called aesthetic light pollution, in order to subsume a further dimension of effects 
that are often discussed: Namely those about the perception that lighting can lead to 
a loss of beauty or sense of place, as well as to distraction and annoyance. By their 
very nature, the effects in this category are very much a matter of interpretation and 
perspective. For example, in his critical piece on modern urban lighting, Auer states: 
“Because too many well-meaning cooks are involved in its preparation, the city’s 
lightbroth is threatening to become tasteless, if not inedible” (Auer, 1997, p. 13; own 
translation). Issues that are referred to include effects of lighting or skyglow on urban 
and rural lightscapes, “light clutter”, which the UK’s Royal Commission on 
Environmental Pollution (2009, p. 1) defines as “The excessive grouping of lights, for 
example in roadside advertising which can prove a dangerous distraction to 
motorists”, and “light profligacy”, which it understands as “Over-illumination which 
wastes energy and money”. 

Though not directly a form of light pollution, a further dimension that plays a 
significant role in debates about the impacts of lighting is the aspect of energy 
consumption. There are no statistics specifically of the energy usage for outdoor 
lighting, but some estimates exist. In their study for the International Energy Agency 
(IEA), Waide and Tanishima (2006) came to the conclusion that for street lighting 
alone, ca. 114 TWh of energy were used globally in 2005 (15 percent more than 
produced by nuclear power). They further found that all grid-based electric lighting 
(including indoor lighting) consumed 19 percent of total global electricity production, 

                                                   
3  For example, in response to the AMA, the Illumination Engineering Society (IES) released an 

own statement questioning the evidence underlying the AMA’s report and highlighting that 
potential health effects also depend heavily on factors beyond color temperature, such as 
brightness and exposure time (Illumination Engineering Society, 2017; Keane, 2017). 
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and that the energy (in addition to electricity also gas, oil) consumed to supply the 
world’s lighting generated emissions of 1900 Mt of CO2 per year (equal to 70 percent 
of the emissions from the world’s light passenger vehicles). With a view toward 
outdoor lighting alone, Morgan-Taylor (2015) estimates for the European Union that 
for each of its ca. 700 million citizens, an average of 90 kWh of energy is used per 
person and year for public lighting, and another 27 kWh per person on various forms 
of private outdoor lighting (e.g. commercial parking lots, domestic outdoor lighting, 
illuminated advertisements). 

While some of the impacts of artificial light at night have been explored further than 
others, we are only beginning to understand the breadth and depth of consequences 
of the increased illumination of the night. With a view toward the broad range of 
issues thus far known, and the likely many that are yet unknown, Hölker et al. (2010) 
point out that “Unless managing darkness becomes an integral part of future 
conservation and lighting policies, modern society may run into a global self-
experiment with unpredictable outcomes”. 

Seen across the four categories from a spatial perspective, outdoor lighting can play 
a role at three general scales, at each of which it can have different effects (following 
BAFU, 2017): 

! At a trans-regional scale, light can reach far into the night sky, affecting the 
visibility of celestial objects and changing nightscapes over a wide area. 

! At a regional scale, light domes above cities and agglomerations can 
develop, especially under conditions of humidity. One effect of these is that 
they can attract migratory birds and bring them off course. 

! At a local scale, light can cause disturbance to humans and other living 
beings, e.g. by shining into private bedrooms or attracting insects. 

Furthermore, whether and to what extent lighting can cause the effects on humans 
and the environment outlined above depends on several factors (BAFU, 2017): Next 
to the light’s brightness, key factors include its directionality, its spectral composition 
(e.g. the proportion of light in the ultraviolet or blue range), the time at which it is 
emitted (daytime, time of year), the time-span for which it is emitted, and, in the case 
of animated light sources, the rate of its intermittency. 

1.1.5 Light pollution: A concept in the making 

There is, as of yet, no broadly agreed definition of the term light pollution. This is not 
surprising, as it is not only still very young, but is – as outlined above – also used in 
relation to a wide range of issues (including biological effects of lighting on plants, 
animals and humans, aesthetic effects on urban and rural nightscapes, or effects on 
the visibility of the night sky), and by researchers in a broad range of fields (including 
chronobiologists, ecologists, engineers, astronomers, cultural scientists, sociologists 
and urban planners). As such, different understandings and definitions exist – and 
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may also need to exist – in parallel, such as to allow for debate and targeted inquiry 
in a host of different disciplines. 

Looking across a variety of definitions of light pollution from different fields and 
contexts, I find that two fundamentally different types can be differentiated: absolute 
and relative definitions. Following the absolute definitions, any artificial light that is 
emitted outdoors is regarded as pollution. These definitions can be seen in analogy 
to definitions e.g. of air or water pollution, where any amount of a given harmful 
particulate matter is considered pollution – the question then is how much is too 
much. Such absolute definitions are used for example in the “First World Atlas of the 
artificial Night-Sky Brightness”, where light pollution is understood as “the alteration 
of the ambient light levels in the night environment produced by man-made light” 
(Cinzano et al., 2001, p. 689), by the Starlight Initiative (meanwhile a foundation; 
established for the protection of the night), who define it as “the introduction by 
humans, directly or indirectly, of artificial light into the environment” (Starlight 
Initiative, 2009, p. 9), and in the Slovene light pollution law, where it is “light 
emissions from light sources that increase the natural light levels found in the 
environment” (Republic of Slovenia, 2007; own translation). 

Following the relative definitions, only lighting that is seen as being ‘too much’ and/or 
that brings with it unwanted or unintended effects is understood as pollution. For 
example, the UK’s Royal Commission on Environmental Pollution (2009, p. 1) sees 
light pollution as “the experience of light in the wrong place or at the wrong time”, the 
International Dark-Sky Association (an NGO dedicated to light pollution reduction) 
defines it as the “inappropriate or excessive use of artificial light” (IDA, n.d.), and the 
Swiss environmental administration’s guidelines for the reduction of light pollution as 
“that light which in terms of its spatial reach, of its timing or of its intensity goes 
beyond the pure purpose for which it is intended, or that has negative effects due to 
its spectral composition” (BAFU, 2017, p. 11; own translation). These definitions take 
into account that lighting – at least for humans – has a strong beneficial side, that it is 
used for a wide variety of purposes that are considered justified. Where the line is 
drawn between (justified) ‘light use’ and (unjustified) ‘light pollution’ remains open, 
and is subject to case-by-case (value-)judgment. 

In sum, the two different types of definitions arguably reflect two very different ways 
of thinking about outdoor light – the first from an environmental standpoint, and the 
second from a more anthropogenic standpoint. What they have in common, however, 
is that they both point towards the need for some form of thresholds in order to make 
the term operational in a planning and policy context. 

Importantly, they also show how difficult it is to conceptualize light as a pollutant: 
Light is not only a stressor and thus not simply an emission to be minimized (comp. 
Gallaway, Olsen, & Mitchell, 2010). On the contrary: it is also “a symbol of spiritual 
enlightenment, progress and modernity, and, from making hazards visible to 
communicating distinctiveness, it fulfills multiple functions for society. When 



 14 

discussing light and regulating for light pollution, it is therefore indispensable not only 
to consider its ecological impacts, but also to reflect the historical, cultural and social 
dimensions of urban lighting.” (Meier et al., 2015, p. 2f) 

1.1.6 Increasing relevance for policy-making: Searching for approaches to govern 
lighting 

In recent years, policy-makers in various countries of the brightly-lit global North have 
increasingly begun taking on the significant challenge of finding ways of balancing 
the benefits and drawbacks of artificial outdoor lighting. This is a significant challenge 
not only because it means regulating a field that has, so far, been largely unregulated 
and thus dominated by long-held freedoms, and that has a strong emotional 
component. It is also a challenge because it means dealing with a situation of 
double-uncertainty: For one, scientific knowledge about the manifold and often 
complex effects of artificial lighting is only just evolving and there are yet far more 
questions than answers. For another, it is often not clear-cut where the costs of 
lighting begin and the benefits end, as perceptions and interpretations of lighting can 
be highly ambivalent, and existing research on its potentials is, in part, contradictory 
(e.g. regarding the role of lighting in creating security, partially also in creating traffic 
safety). 

The thus-far existing regulatory efforts and other policy measures are highly unevenly 
distributed across and within countries, and compose a colorful patchwork of different 
types of approaches at different spatial scales with different foci. They include 
intergovernmental resolutions, such as that of the Council of Europe (Parliamentary 
Assembly of the Council of Europe, 2010), national laws specifically dedicated to 
lighting, as those in Slovenia (passed in 2007) or France (passed in 2013), regional 
regulations, as those in numerous regions in Italy and Spain, various forms of 
guidance, local ordinances, urban lighting concepts or master-plans and the 
protection of darkness in largely unlit areas (for overviews and specific analyses of a 
range of policies, see: Köhler, 2015; Küster, 2017; Meier, 2015; Meier & Pottharst, 
2013; Morgan-Taylor, 2015; Wagner, Kerschner, & Donat, 2015; Youyuenyong, 
2015). Some target exclusively street lighting, which is generally in public hands, 
while others also take into view forms of private lighting, such as advertisement or 
decorative lighting. Orientations can be more narrow or broad – while some 
especially focus on minimizing the illumination of the night sky, others also take into 
account concerns regarding effects on the living environment or questions of 
nuisance to humans. In line with this, also the number and range of factors 
addressed – such as the lights’ brightness, timing, uplight ratio or spectral 
composition – vary broadly. 

It is important to see policies on (aspects of) light pollution in their wider context, 
because they are, by far, not the only policies on lighting – rather, they come in 
addition to or complement a host of generally pre-existing measures that target other, 
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more established, aspects of lighting. These are first and foremost road traffic safety 
and energy efficiency4, which is strongly linked to aims in cost savings and often also 
the reduction of greenhouse gas emissions (see Meier & Pottharst, 2013 for an 
analysis of stakeholders and rationales). Also, they mostly only take into view one 
type of lighting – namely public street lighting – and are generally technical in nature. 
This reflects the widespread and arguably still dominant rationale with which outdoor 
lighting is being governed, which is rather narrow in scope and extent. The adoption 
of policies to mitigate various forms of light pollution can thus be read as an ongoing 
process of broadening the spectrum of aspects that are taken into view in policy-
making on artificial outdoor illumination. As the wide variety of approaches show, this 
is still very much a process of experimentation and learning (see Krause, 2015 for 
examples of such processes in Berlin). 

1.2 Need for and state of research 

To orientate the ongoing quest for policy and planning approaches that are capable 
of balancing the wide and complex range of costs and benefits associated with 
outdoor artificial illumination, a solid knowledge base is urgently needed. This 
includes knowledge on many aspects directly relevant to the social sciences and 
planning – which have, however, only very recently discovered this void (in contrast 
to researchers in some humanities, most notably historians, who have published 
numerous studies). There is a need to analyze, assess and comprehend basic and in 
many ways interrelated questions, including, but certainly not limited to: 

! What the costs and benefits of outdoor lighting are and how they could be 
classified and valuated, including whereupon there is broad agreement that 
an effect is a cost or benefit, and whereupon not. 

! In what ways, when, why, and by whom outdoor lighting is used and how it is 
perceived. 

! Where incompatibilities lie in the form of competing interests and perceptions 
regarding outdoor lighting. 

! Which aspects of lighting currently evolving policy instruments typically cover, 
how they seek to balance costs and benefits of outdoor lighting, how effective 
they are in reaching their goals, and how overall sustainable lighting 
governance approaches could be shaped. 

Such a knowledge-base is currently being built by researchers from within, but also 
outside the planning and social science disciplines. Given the novelty of the field of 

                                                   
4  Against the background of the ‘LED revolution’, a key point of criticism from researchers on light 

pollution is that the numerous regulations and incentives aiming to increase energy efficiency 
neither take potential rebound effects in terms of overall increases in brightness into account, 
nor spectral issues (esp. blue light content) associated with the most energy-efficient products 
on the market (see e.g. Kyba, Hänel, & Hölker, 2014). 
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research, and additionally the complexity of lighting as an object of study, this in 
many cases means first developing basic systems of understanding – especially 
definitions and methods – that will then allow for the generation of further knowledge. 

Research relating to the definition and valuation of costs and benefits of outdoor 
artificial lighting has largely been conducted by researchers in the field of economics 
and/or environmental studies. Taking a comprehensive view, Gaston et al. (2014) 
review and categorize the known effects of outdoor lighting as costs and benefits, 
finding that for several categories that are widely regarded as benefits – especially 
crime, for which Mosser (2007) provides a key analysis of the state of knowledge, 
and vehicle accident prevention – sufficient scientific evidence is lacking to justify this 
classification. Similarly, Pottharst and Wukovitsch (2015) identify and define 
categories of costs, benefits and ambiguous effects (security, human health) of 
artificial lighting and explore possibilities for their economic assessment, finding that 
the relations and dependencies within and between categories are too complex and 
often too unclear as to allow for a monetary valuation. Further economic studies take 
into view the visibility of the night sky as a value that is mitigated through light 
pollution. Willis (2015) does so by assessing methods that could serve to estimate 
the economic benefits of improved night sky visibility for different societal groups. 
Gallaway (2015) conceives the night sky as a resource and assesses its potential 
usefulness for addressing challenges faced by modern society, finding that it could 
particularly be utilized for increasing happiness and sustainability. From a cultural 
geography perspective, Edensor highlights the value of darkness by exploring its 
various qualities in urban (2013b) and unilluminated (2013a) contexts. 

Regarding lighting practices, one area of interest has been to identify fundamental 
categories that allow for understanding the ways in which lighting is used. In this line, 
Krause (2013) provides an overview of the societal functions of outdoor lighting and 
of darkness as its counterpart. Largely oriented on such functions, Auer (1997) 
proposes a classification of the elements of urban lightscapes. Such types of lighting 
are relevant to a growing strand of research that follows up on the question of how 
much of what kind of lighting is being used where and when. Developing and 
applying methods based on remote sensing, studies such as those by Küchly et al. 
(2012), Hale et al. (2013) and Ruhtz et al. (2015) investigate the composition of 
urban and regional lightscapes in terms of different functional types of lighting and 
their contribution to the illumination of the night, while Dobler et al. (2016) analyze 
their spectral composition. A first investigation into the nightly rhythms of urban 
lighting has been conducted by Dobler et al. (2015). Further inquiry takes a broader, 
comparative view by contrasting cities’ lightscapes amongst each other in terms of 
their morphology (ISR, 2013) or brightness (Kyba, Garz, et al., 2014; Sánchez de 
Miguel, 2015). In a related approach, Kyba et al. compare the usage of light in terms 
of brightness at a regional level and contrast changes over time (2017). A further 
thread of research regarding lighting practices takes into view the actors and 
planning processes that shape these lightscapes. In this vein, Meier and Pottharst 
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(2013) investigate the societal forces shaping the policies and practices of lighting by 
analyzing the landscape of actors at play at a national (Germany) and European 
level. Schulte-Römer studies how lighting is used as a tool in the context of urban 
renewal (2011), as well as how new lighting technology is introduced and negotiated 
in cities by analyzing LED pilot projects and demonstrations (2015). Bertin (2015) 
investigates the role lighting can play in the construction of cities’ nighttime identities 
and, using the example of Montréal, examines how urban lighting strategies 
contribute to this. 

What perceptions and opinions exist on artificial lighting has been researched in a 
variety of different ways by scholars from the fields of planning, the humanities and 
social sciences. Based on a population survey in different types of urban areas, 
Besecke and Hänsch (2015) study residents’ differing perspectives on the functions 
and values of artificial lighting and darkness and their assessments of local street 
lighting changes. Bach and Degenring (2015) use anglophone literature as a window 
on the changing and ambiguous perceptions of light over the course of time. The 
affective dimension of artificial illumination in terms of how it can influence our 
experience of space and perception of place is investigated by Ebbensgaard (2014) 
relating to everynight urban illuminations, and by Edensor (2015) in the context of the 
growing phenomenon of light festivals. A further strand of research studies when, 
where and how such differing perceptions and perspectives clash. Differing 
interpretations especially of the aesthetic dimension of lighting installations are 
studied by Edensor and Millington in relation to holiday lighting (2009) and the city of 
Blackpool’s traditional illuminations (2012). Rehmann (2013) identifies lines of conflict 
in relation to commercial lighting in mixed-use neighborhoods, while Schulte-Römer 
(2014) investigates the controversy over the replacement of Berlin’s gas streetlights, 
carving out its potential for innovating local lighting practices. These contemporary 
studies into contestations on lighting complement a line of historic investigations that 
focus on accounts of conflict, particularly those by Fressoz (2007) regarding gas 
lighting in 19th century cities and Hasenöhrl (2015) regarding contestations in Berlin 
from the 1880s to the 1980s, as well as more general accounts of the history of 
lighting that include such accounts (e.g. Koslofsky, 2002; Schivelbusch, 2004). 

The evolving field of lighting policies has seen attention from researchers in the fields 
of law, urban planning and political sciences. A first strand of studies takes into view 
regulations at national and regional level focusing on the mitigation of light pollution. 
Morgan-Taylor (2015) outlines the scope of aspects that are to be taken into account 
when regulating light pollution, and identifies elements of best practice by studying 
regulatory schemes in France, Italy and the UK. In a further comparative law study, 
Youyuenyong (2015) analyzes strengths and weaknesses of light pollution laws in 
the UK and other jurisdictions, proposing suggestions on how different aspects of 
light pollution such as sky glow or intrusive light might be regulated. In a similar vein, 
Wagner et al. (2015) study regulations targeting light pollution in several European 
countries to propose approaches for regulation in Austria. A second strand of inquiry 
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focuses on the soft instrument of lighting master plans, with which cities strive to 
coordinate the development of (parts of) their lightscapes. Köhler studies the 
potentials of lighting master plans as an instrument for sustainable light planning, 
discusses current limitations regarding their effectivity (2015), and proposes 
possibilities for developing integrated approaches to light planning as part of urban 
planning (2010). The spread, aims and foci of such master plans are analyzed by 
Köhler and Sieber (2012) by way of a survey of municipalities in Germany, and by 
Küster (2017) by way of case studies. A third perspective considers the processes of 
developing regulations and policies that take unwanted effects of lighting into 
account. Here, Krause (2015) investigates how changing perspectives on lighting are 
influencing frameworks and actors that govern and shape urban illumination. 

As illustrated in these paragraphs, existing research pertaining to the above-
mentioned aspects pertinent to the development of policy and planning approaches 
capable of balancing the costs and benefits of outdoor lighting is highly 
interdisciplinary and relatively scattered, reflecting the typical patchwork qualities of 
fledgling fields of inquiry. 

1.3 Positioning of this dissertation within the field of research 

This dissertation contributes to the body of foundational knowledge, and, by way of 
the development of methods of comparative inquiry, to the further generation of 
foundational knowledge that is urgently needed to inform the ongoing search for 
ways of balancing the manifold costs and benefits of artificial lighting in policy-making 
and planning. It does so by complementing the evolving mosaic of knowledge 
emerging from interdisciplinary lighting studies with inquiry into three largely 
uncharted territories, whereby its geographic focus lies on the brightly lit countries of 
the global North, and here specifically on Europe and North America. 

Firstly, it addresses the situation that we yet know little about the everyday lighting 
practices that shape our lightscapes – so: about what type of lighting is being used, 
when, where, why and by whom. This knowledge gap in many cases concerns public 
street lighting, of which many municipalities do not have full inventories, but most 
especially applies to the many forms of private lighting that have become an integral 
part of the outdoor lighting panorama. It does so by taking into view the composition 
and temporality of urban lightscapes, for which it develops a method of 
documentation and analysis. To this end, three case-studies of high-density mixed-
use areas within the city of Berlin, Germany, were conducted, on the basis of which 
the proposed method was developed.  

Secondly, it addresses the situation that we yet know little about the new policy 
instruments that are being developed as a means of balancing the costs and benefits 
of lighting, or about how these instruments are received by the people they affect. It 
does so by inspecting the novel policy approach of protecting darkness via 
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designation in largely unlit areas, and the interests of the stakeholders involved in 
such processes. To this end, it analyzes the existing landscape of such designations 
by studying different forms and the reach of the instrument, also aiming to 
differentiate it from other forms of dark-sky designations. It then aims to grasp the 
range of actors and interests that play into such dark-sky designations by way of 
three case studies of differently structured and differently designated dark-sky areas 
in three different countries (Canada, Germany, and the United States). 

Thirdly, it addresses the situation that we yet know little about how the costs and 
benefits of lighting are judged, and about how these costs and benefits – and thus 
our lightscapes – are being negotiated on a day-to-day basis. It does so by taking 
into view contemporary conflicts about concrete artificial outdoor lighting situations, 
and by developing a tool for their analysis to allow for comparative studies and 
systematizations of lighting conflicts. To this end, a definition was developed that 
allows for differentiating lighting conflicts from other forms of lighting-related 
contention, and 28 lighting conflict cases revolving around different types of lighting 
and issues in several European countries and the United States were studied using 
media reports, on the basis of which the proposed method for their structured 
analysis was developed. 

In sum, the three main sections of this dissertation thus take into view areas that are 
brightly lit and that are largely unlit, local as well as regional questions and issues 
regarding artificial outdoor illumination and its regulation. 
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2 Temporal Profiles of Urban Lighting: 
Proposal for a research design and first results from 
three sites in Berlin 

2.1 Introduction 

The past two decades have seen a consolidation of evidence from a broad range of 
disciplines that artificial outdoor illumination not only has manifold benefits, but also 
comes with substantial societal and ecological costs and risks. These are commonly 
subsumed under the term light pollution, and their long-term effects are hardly 
foreseeable (Gaston et al., 2014; Hölker et al., 2010; Pottharst & Wukovitsch, 2015). 
The observation that illumination is rapidly expanding in many parts of the world in 
terms of both geographic spread and intensity (Falchi et al., 2016; Hölker et al., 2010; 
Kyba et al., 2017) lends additional urgency to the matter. 

As this is a fairly new field of inquiry, knowledge about the underlying lighting 
practices that structure these developments is still quite limited. A deeper 
understanding of how much of what types of lighting are used by whom, when, where 
and why is, however, essential for the establishment of a solid knowledge-base for 
sustainable planning and policy approaches. Given that the usage of lighting has 
technical as well as societal dimensions, this demands research in a variety of 
disciplines; and seeing as lighting practices differ from one local context to the next, 
comparative studies promise to provide insights into local lighting cultures as well as 
pointers for policy development (Henckel & Moss, 2015). 

This paper contributes to a fuller understanding of lighting practices by focusing on 
an aspect that has, so far, gone largely unexplored: their temporal dimension. It 
addresses the question of how the temporality of urban lighting is structured in 
specific types of areas, and how such temporal lighting practices compare to each 
other. To this end, it presents and applies a research design that grasps how the 
employment of lighting changes in terms of its on/off patterns as the night 
progresses, and carves out similarities and differences among the temporalities of 
various kinds of lights that compose a lightscape. The design was developed based 
on, and is geared toward, the analysis of particularly complex lighting situations of 
limited size, such as those typically found in urban centres. It is kept technically 
simple and conceptually flexible enough to make it transferable to other locations and 
compatible with a range of research interests, thereby facilitating comparative and 
cross-disciplinary studies. 

The research design consists of (1) a method of data collection, namely series of 
photographs taken from elevated locations within the city that allow for detailed 
identification of different light sources and are assembled into time lapse videos, (2) a 
method of data extraction that translates the lights in the images into temporal units 
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and identifies their individual temporal profiles as time series of on/off data, and (3) a 
framework for data analysis that provides a vocabulary and concepts for 
characterising and comparing the temporal profiles of different categories of lighting. 

Close-range time lapse videos allow for a continuous documentation of the changes 
that lightscapes exhibit, and for a direct identification of the light sources causing 
these changes. This sets them apart from two other means of gaining information on 
the temporality of lighting: Continuous sky quality measurements can document the 
development of lights’ cumulative effects on the night sky throughout the night (Bará, 
2016; Ges et al., 2017; Kyba et al. 2015). As indirect assessments, they cannot, 
however, differentiate the light sources behind the observed trends. Comparisons of 
aerial images can provide indications as to when certain (groups of) lights are 
switched on/off (Kyba et al. 2014; Sánchez de Miguel, A., 2015). However, as they 
are commonly snapshots from individual points in time on different nights, they 
cannot provide continuous timelines, and given the perspective from above, 
identifying specific light sources can be difficult. 

The research design presented here is complementary to the approach developed by 
Dobler et al. (2015) for studying urban rhythms: Both share the same method of data 
collection and look at on/off times of urban lighting. Significant differences exist, 
however, in the aims of the research, and, as a result, in terms of perspective and 
scale: Dobler et al. (2015) take a broad view of the city from a removed vantage point 
in order to capture a large number of household and office windows to statistically 
soundly derive information on the “pulse of the city”. In contrast, I look into urban 
hotspots of lighting in order to identify the light sources they are composed of with as 
much precision as possible. It is equally complimentary to the approach presented by 
Bará et al. (2017), which estimates the relative contribution of different types of 
lighting – street, vehicle and domestic – to overall sky brightness over the course of 
the night by using series of images to extract the sources’ radiance. Accordingly, 
sections of lightscapes containing specific types of lighting are sought out, rather 
than targeting specific types of urban areas. 

The research design is described in section 2.2, as is its application to the three 
Berlin case studies with which it was developed. The results of this analysis are 
presented in section 2.3. In section 2.4, I discuss the proposed research design and 
findings, and conclude in section 2.5. 

2.2 Research Design 

The research design was developed based on, and applied to, three areas in Berlin, 
Germany. These served as a laboratory for developing the research design and 
demonstrating the type of results it can achieve. This section provides guidelines for 
applying the research design. It highlights options and issues to be considered, and 
illustrates the choices made for the Berlin cases. 
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2.2.1 Areas of Study 

The research design is geared toward decrypting the temporalities of high-density 
lightscapes 5 in areas of limited size, as typically found in urban centres. It is, 
however, not principally limited to these and can equally be applied to other types of 
areas. For interpreting the results, it is relevant to reflect factors that are likely 
influential for (temporal) lighting practices, particularly the areas’ 

! geographic location and corresponding sunset-/sunrise times, 

! temporal policies, in general and for lighting (especially curfews), and 

! characteristics as regards their functions, architecture and overall temporal 
character. 

Here, the interest was to gain pointers for factors that potentially influence temporal 
lighting practices by exploring how these compare in areas that share a wide range 
of key similarities, but contrast in selected respects. As all three areas – 
Alexanderplatz, Potsdamer Platz and Hackescher Markt – are located in Berlin, they 
share a single geographic and policy context. The city is located at 52° 31’ 12” 
latitude and temporally very liberal – generally, as regards e.g. opening hours of 
shops and pubs, and in terms of lighting: While the lighting concept 
(Senatsverwaltung für Stadtentwicklung und Umwelt Berlin, 2015) formulates 
recommendations, there is no hard regulation governing when the use of artificial 
illumination is permissible. With the exception of individual cases in which time caps 
have been established via ordinances following conflict (see e.g. Krause, 2015), 
schedules can be determined freely. All three areas also share that they are centrally 
located, high-density, mixed-use (including: housing, offices, retail, gastronomy, 
entertainment) hotspots of day- and nighttime activity (ISR, 2011). They differ, 
however, in terms of their built structure and overall brightness. Alexanderplatz and 
Potsdamer Platz are typical examples of highly symbolic and representative city 
centres: They feature large-scale landmark buildings – albeit from different eras6 – 
and are among the brightest spots in Berlin, as became evident in an aerial survey of 
the city’s upward light emissions (Kuechly et al., 2012) (image 2.1). Hackescher 
Markt, by contrast, is, with its five-story block buildings from the late 19th/early 20th 
centuries, considerably more mundane in its built structure and appears far less 
bright in the aerial survey. 

                                                   
5  In analogy to landscapes, i.e. the visible features of an area of land (Oxford Dictionaries, n.d.), 

lightscapes can be defined as the sum and spatial arrangement of the visible lights in a given 
area. 

6  Alexanderplatz with its landmark TV tower is the showpiece centre of former East Berlin; 
Potsdamer Platz with its glitzy high-rise architecture is the result of a prominent reunification 
redevelopment project at the former border strip. 
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Image 2.1: Aerial image of Berlin by night (Kuechly et al., 2012; cropped) and locations of 
case study areas (own addition) 

2.2.2 Data Collection: Generating the Time Lapse Videos 

Data is gathered via series of photos that are assembled into time lapse videos. Prior 
to the night(s) of documentation, several parameters must be determined that will 
affect the possibilities and limitations of the study as a whole. The objectives are (1) 
to capture the lights of the relevant area and their on/off patterns as completely and 
precisely as feasible, and (2) to facilitate multiple usage of the images for 
complimentary analyses downstream, e.g. of the lights’ brightness. Taking test 
photographs in advance is highly recommended, as this provides valuable orientation 
for decisions regarding the camera’s perspective, setup and settings. 

Perspective: The camera’s vantage point should remain fixed throughout the 
recordings. It determines which lights are visible in the images and which aren’t, and 
thus which elements can or cannot be included in the analysis. A perspective should 
be chosen from which a maximum of the area’s lights are in the camera’s field of 
vision – ideally an elevated location at the edge of the target area (here, the upper 
storeys of tall buildings were used – images 2.7-2.9). Exposure to stray light should 
be minimised to prevent veiling/blooming effects. To cover the lightscape more 
completely, multiple cameras can be installed from complementary perspectives. 

Recording date(s): Nights can be documented individually, as done here, or in 
series, as in (Dobler et al., 2015). In either case, the choice of date(s) is crucial for 
comparisons among areas and nights, as lighting schedules are likely to change 
seasonally, with shifts in sunset and sunrise times, as well as during the week, 
especially between week- and weekend-nights (Dobler et al., 2015). If several 
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locations are to be compared, they will thus ideally all be recorded on the same 
night(s). If this is not feasible, as was the case here (table 2.1), the parameters 
should be kept as similar as possible. 

 Alexanderplatz Potsdamer Platz Hackescher Markt 

Recording date Tue, 18./19. June 2013 Tue, 1./2. July 2014 Tue, 24./25. June 2014 
Sunset/sunrise time 21:33 / 04:43 21:33 / 04:48 21:34 / 04:44 
Recording time 21:30–04:30 19:30–06:00 19:30–06:00 

 All Areas 
Camera Canon EOS 600D 

Settings 
Format: RAW 
Focus: fixed 

Aperture: f/3.5 
Shutter speed: 1/13 s 

ISO: auto 
White balance: auto 

Photography & processing FilouBerlin, Philipp Elgert and Franziska Ottrembka 

Table 2.1. Berlin recordings: basic parameters 

Recording time: The recording time affects how extensively changes to the 
lightscape are captured. To document them to the fullest possible extent, recordings 
should reach from before the bulk of the lights come on until after they go off, which 
likely means beginning before dusk and ending after dawn. Precursory observations 
can help determine suitable points in time. Here, the pilot study at Alexanderplatz 
showed that it would be necessary to begin well before sunset and end after sunrise 
to capture most switch-ons and -offs. This was adopted for the two following cases 
(table 2.1). 

Frame rate: The frame rate, i.e. the time interval between images, essentially 
determines how exact the temporal analysis can be. Shorter intervals allow for 
temporally more detailed analyses, but produce more data overall, and vice versa for 
longer intervals. Here, one frame was recorded per 30 seconds. 

Camera hardware and setup: A standard digital single-lens reflex (DSLR) camera is 
fully sufficient for conducting the recordings. The camera can be set up temporarily 
and overseen personally, as done here, or installed fixedly for longer-term 
recordings. The camera should be protected against wind or tremors in order to avoid 
shifts in perspective. It is crucial that the camera’s internal clock is correctly 
calibrated before the recordings begin, that sufficient power is available for the entire 
recording time, and that the automatic releaser is set to the desired frame rate. 

Camera settings: The camera settings will affect the photographs’ quality, 
comparability and usability for further analyses. Generally, images should be taken in 
RAW format to preserve maximum information, with focus and aperture fixed. To 
account for changing natural light conditions, white balance and either ISO or shutter 
speed are set to automatic. Both options have drawbacks in low-light situations: 
image readability can be impacted by high ISO (noise) or by slow shutter speeds 
(blur). The decision will especially depend on the desired outcome and the given 
circumstances (lightscape, camera). Here, auto-ISO and fixed shutter speed were 
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chosen to avoid blurring of moving lights (advertisements, headlights); noise levels 
remained unproblematic for the analysis. 

Quality control: The results of the recordings should be checked for plausibility: Do 
the times of the first and last images correspond to the beginning and end time of the 
recording? Is the total number of images feasible in relation to the overall recording 
time and chosen interval? 

Time stamps: The individual images are time-stamped to facilitate manual sampling. 
The stamps’ interval will affect the level of detail at which temporal data can easily be 
extracted. Each image can be marked with its time of recording, which allows for 
quick pinpointing of the exact time of changes in the video without reverting to the 
individual photographs. However, the time stamps will not be readable in the running 
video. Additionally or alternatively, larger time segments are used that reflect the 
planned sampling rate, as done here with 15-minute sections. 

Assembly: The time lapse video is assembled from the individual images by using 
video editing software (here: Adobe Premier Pro, also used for placing the time 
stamps; image 2.2). Downsampled versions facilitate online publishing, and thus 
further inquiry by others7. 

 

Image 2.2: Assembly of time lapse video 

2.2.3 Data Extraction and Sampling: Reading the Time Lapse Videos 

The objective here is to identify the data in the images that is relevant to the study, 
and to form categories of lighting whose on/off-times will later be compared. In the 
interest of accessibility, a low-tech, manual approach is adopted for data extraction, 
notwithstanding that software-based solutions are possible and bring advantages in 
terms of scalability. 

(De)Selection of lights: The images will typically contain lights that are beyond the 
scope of the study and are therefore excluded from the analysis. This especially 
concerns lights further afield that do not belong to the area in question (image 2.3A). 
Further categories of lights can be deselected according to the study’s aims by 
defining additional criteria of exclusion. Here, lights that are not part of the physical 
urban structure and/or whose temporality are not typically addressed via public 
                                                   
7  The videos referenced in this paper are available under a CC license at: 

https://vimeo.com/channels/citynightlapse 
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regulations were excluded (esp. vehicle headlights and user-controlled indoor lights 
shining out through regular apartment/office windows). Additionally, in the interest of 
manageability, very small lights were disregarded. 

 

 

 Image 2.3: A: (De)Selection of lights, B: Identification of temporal units 

Identification of temporal units: The selected lights are those that the study will be 
based on. These need to be identified and characterised. Given that the focus of the 
study is the lights’ temporality, they are counted not individually as light points, but as 
temporal units of lighting. What defines a temporal unit is that it is, in all likelihood, 
operated via one switch. It can thus consist of one single light or of multiple 
interconnected light sources (image 2.3B). Temporal units are identified by repeated 
observation of the videos, consideration of the individual images, and logical 
inference: Which lights come on/go off at the same moment? And which can be 
assumed to belong together? Each unit is distinctly named and entered into a 
database – here, a spread sheet was used (image 2.4). 

Classification of units: The classification of units according to selected 
characteristics is central to the following comparative analysis: it determines the 
categories of lighting whose temporalities are contrasted. Which characteristics are 
chosen for the classification will depend on the research interest at hand. Here, the 
aim was to investigate whether temporal lighting practices differ a) amongst the three 
areas and b) amongst the purposes for which the lights are used. The units were 
therefore classified according to their locations and according to the following 
functional types: 

! infrastructural lighting, i.e. basic illumination that serves to establish visibility 
for traffic safety and the use of public spaces at night, including public 
transport stations (e.g. bus stops, railway platforms); 

! architectural illumination, i.e. lighting used to stage buildings (e.g. facade 
lighting); 

! commercial lighting, i.e. illumination used for advertisement purposes, such 
as neon signs or shop window lighting; 
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! indoor lighting, i.e. light that is used for indoor functions such as fulfilling tasks 
in shops, which is hardly intended to shine outdoors but escapes through 
glass elements. 

Additionally, particularly conspicuous lighting units with a perceived strong influence 
on the lightscapes were earmarked for individual consideration. Further options of 
classification include: types of operators (e.g. public/private), size or brightness levels 
of units. 

Sampling of temporal data: The sampling rate at which the lights’ on/off-times are 
extracted determines the level of detail at which their temporalities are studied. 
Possibilities range from the threshold set by the frame rate to larger intervals. By 
orienting the sampling rate on the temporal density of on/off-changes visible in the 
videos, high data volume and effort can be balanced against critical loss of data. 
Here, 15-minute segments were used. The on/off times of each unit can be identified 
manually by repeatedly watching the videos (as done here), or via automation (as in 
Dobler et al., 2015). The on/off times are entered into the database for each unit by 
indicating its status per time segment of each night (image 2.4). 

 

Image 2.4: Screenshot of spread sheet used for classification of units and sampling of 
temporal data (excerpt; “1” indicates the unit is “on”) 

2.2.4 Data Analysis: Determining and Comparing Temporal Profiles 

The primary aim of the analysis is to describe and compare the temporalities of 
different categories of lighting. To this end, on/off data of the units is first aggregated 
for each category of classification, to then systematically contrast these regarding 
their temporal characteristics. Visualisations are used throughout the analytical 
process to aid the identification of patterns, similarities and differences. 

Individual temporal profiles: The time series of on/off data extracted from the 
videos for each lighting unit constitute the units’ individual temporal profiles. These 
are the base elements of the analysis. The individual temporal profiles can be 
visualised as bar diagrams that plot their on/off state against the sampling times (e.g. 
in a spreadsheet – image 2.4). Stacking and (re-)sorting the individual bars according 
to categories of classification or characteristics of the temporal profiles provides first 
impressions of temporal correlations. This allows for reviewing how meaningful the 
chosen categories of classification are, and can provide pointers for their 
readjustment and for further avenues of inquiry. 
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Aggregate temporal profiles: To study the behaviour of different categories of 
lighting, aggregate temporal profiles are formed. These are time series of on-rates, 
which are calculated for each time interval by determining the percentage of units 
that is illuminated within one category of classification. Loss of relevant data can 
occur through this aggregation, especially if units’ changes cancel each other out by 
switching in opposite directions within one time segment: This should be reflected in 
the analysis, or, if it occurs frequently, it may be appropriate to increase the sampling 
rate. The aggregate temporal profiles are visualised as on-curves by plotting on-rates 
against time in line charts. By combining in one graph the on-curves of different 
categories of lighting, similarities and differences quickly become apparent (e.g. 
image 2.11). 

Phases of illumination: The central concept for describing and comparing the 
aggregate temporal profiles is to consider the evolution of lighting behaviour over 
time in terms of phases of illumination. These are deduced from the on-curves by 
differentiating time segments during which the development of on-rates corresponds 
to the following basic modes (table 2.2): 

 Types of phases Development of on-rate 

 Dynamic the on-rate changes in close sequence 
 ! Increase ! Units successively come on 
 ! Decrease ! Units successively go off 
 ! Diffuse ! Units come on and go off in a dispersed manner 
 Static there is no or marginal change in on-rate 
 ! Full-on illumination ! All units are on: 100% on-rate 
 ! Part-on illumination ! Some units are on: 1-99% on-rate 
 ! Full-off illumination ! All units are off: 0% on-rate 

Table 2.2. Differentiation of phases of illumination 

Different types of aggregate lighting practices can now be grasped in temporal terms 
by reading from the on-curves each phase’s respective 

! timing, i.e. the points in time when it begins and ends, and 

! duration, i.e. the period of time from beginning to end. 

Temporal profiles can differ in terms of the number, types and sequences of phases 
they are composed of, and in the timing and duration of these phases – ranging from 
one phase that extends throughout the night (e.g. if a group’s units are all illuminated 
from start to end), to series of multiple different phases. Bar diagrams that visualise 
each phase’s timing and duration in conjunction with the on-curves they are derived 
from facilitate comparisons, and simultaneously make transparent the underlying 
interpretations regarding the phases’ type, beginning and end (e.g. image 2.11). 
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Overall characteristics: At a more general level, the aggregate temporal profiles 
can be further characterised in terms of their: 

! dynamics, i.e. the amount of change they exhibit over time. These differences 
become visible in the on-curves, which can be more ‘flat’ or ‘mountainous’, 
indicating stronger stability or pronounced dynamics, respectively (image 
2.5A). 

! temporal extension, i.e. the proportion of units that are illuminated in relation 
to the amount of time during which they are illuminated. High on-rates for 
extended periods of time indicate high temporal extension and v.v. (image 
2.5B). 

! strength, i.e. how characteristic the behaviour is that they represent. The 
more uniform the temporal profiles of the (categories of) units that compose 
them, the stronger the aggregate temporal profile (image 2.5C). 

 

Image 2.5: Characteristics of temporal profiles 
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2.3 Findings 

The comparative temporal analysis of the three urban centres’ lighting moves from 
the general to the specific. First, the distribution of the identified lighting units across 
the categories of classification is contrasted to understand how these groups are 
structured. The phases of illumination of all units combined then provide a common 
reference point for the following comparisons: Each area’s aggregate temporal profile 
is first contrasted against those of the other two, and then broken down into the 
functional types of lighting to compare their temporal profiles among each other. The 
same procedure is followed vice versa for the four types of lighting. By thus 
systematically intersecting the two forms of classification – area and type – with each 
other, the strength of each category’s temporal profile is tested. In this way, first 
tentative indications can be gained of whether the lights’ locations or their functions 
are more meaningful for the observed temporal practices. 

2.3.1 Distribution of lighting units 

42 units were identified overall, 20 of which belong to Alexanderplatz, making it the 
most differentiated of the three lightscapes (image 2.6A). The areas’ quantitative 
compositions in terms of functional types of lighting are roughly similar, with a 
proportional dominance of architectural and/or commercial units. While 
Alexanderplatz and Potsdamer Platz are nearly identical, Hackescher Markt stands 
out with its high proportion of commercial units. Among the types of lighting, 
commercial is dominant with 17 units, followed by architectural with 12 (image 2.6B). 
The different types are distributed similarly across the areas. Architectural units are 
the exception: over half are at Alexanderplatz, and only one at Hackescher Markt. 

 

Image 2.6: Distribution of lighting units 

The video stills provide a comparative impression of each lightscape during phases 
of full-on illumination (at 23:00) and part-on illumination (at 3:00). Conspicuous units 
are named in the captions (images 2.7-2.9). 
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Image 2.7: Alexanderplatz. Conspicuous lighting units: in the foreground, the TV tower 
with its illuminated shaft, base and pedestrian area; in the background, the illuminated 
Park Inn hotel high-rise with its rooftop lettering, and the green facade elements and 
logos of the Galeria Kaufhof department store. On a smaller scale in the midground: the 
yellow Commerzbank sign, the horizontal advertisement banners on the elevated train 
tracks, and the clothing store C&A’s rotating rooftop sign. 

  

Image 2.8: Potsdamer Platz. Conspicuous lighting units: in the foreground, the brightly 
illuminated dome of the IMAX cinema and the strip of roof lights of the Potsdamer Platz 
Arcaden shopping centre; in the background, the glass Bahn-Tower and the colour-
changing tent roof of the Sony Center. On a smaller scale in the midground: illuminated 
rooftop satellite dishes. 

  

Image 2.9: Hackescher Markt. Conspicuous lighting units: in the foreground, the light rail 
(S-Bahn) station with its platform lighting shining out through glass elements; in the 
midground, the illuminated facade of the corner building at the central intersection and 
the band of lit shop windows that line the edge of the square and street. 
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2.3.2 Overall Temporal Profile and Phases of Illumination 

The overall temporal profile of the three case study areas was calculated by 
combining the data of all observed units8 . The corresponding overall on-curve 
exhibits a sequence of five phases (image 2.10): 

! Phase 1 – Dynamic: Increase. Starting from an initial on-rate of 18%, units 
come alight as night falls until full illumination is reached at ca. 22:15. 

! Phase 2 – Stable: Full-on illumination. All units are on and remain so until 
around midnight. 

! Phase 3 – Dynamic: Decrease. In the following two hours, about 1/3 of the 
units are switched off. 

! Phase 4 – Stable: Part-on illumination. The units that are still on remain lit 
with little change until around 4:15. 

! Phase 5 – Dynamic: Decrease. Lights are successively switched off down to 
an on-rate of 27% as daytime arrives. 

This overall pattern provides comparative cornerstones with which the various 
temporal profiles are contrasted. 

 

Image 2.10: Overall on-curve. The two numbers for the basic population (n) indicate the 
overall total for all three areas and the total without Alexanderplatz. 

 

                                                   
8  The shorter recording time at Alexanderplatz was accounted for here and in the calculation of 

on-rates for the functional types of lighting across the three areas by adapting the potential 
maximum number of illuminated units to include only those in the other two areas before the 
beginning and after the end of the Alexanderplatz-recording. 
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2.3.3 Temporal Profiles by Lightscapes 

 

Image 2.11: On-curves with on-rates and phases of the 3 areas 

Alexanderplatz 

Alexanderplatz stands out among the three areas through its extended phase 2, 
which begins comparatively early9, and especially through its extended phase 3: at 
close to two hours, it is generously twice as long as at Potsdamer Platz, and three 
times as long as at Hackescher Markt (image 2.11). Alexanderplatz’ lightscape is 
particularly dynamic: After midnight, hardly an hour – only that between 2:00-3:00 – 
goes by without units being switched off or back on, effectively blurring the edges 
between phases 3, 4 and 5. The fact that select units are switched back on in the 
early morning hours is unique to Alexanderplatz. Alexanderplatz also stands out as 
the lightscape that reaches the lowest on-rate in phase 4. 

The curves of the different functional types of lighting evolve similarly before, but 
quite heterogeneously after midnight (image 2.12). The types differ in terms of 
whether or not they are partially switched off, and those which are exhibit 
considerably different modes of reduction in terms of timing and speed, leading to the 
high temporal extension of phase 3. The extent to which lights are switched off also 
differs significantly: While infrastructural lighting remains fully on, about 1/3 of the 
commercial and indoor units and over half of the architectural units are switched off. 
Each of these three categories contains at least one intermittent unit that is relit 
(image 2.13). With one clear exception (the lettering atop the Park Inn Hotel, which 
goes off around when two others are relit), these are switched off within the hour 
after midnight, remain off for ca. 2,5 hours, and come back on at around 3:00 or 4:00, 
                                                   
9  Though Alexanderplatz was recorded ca. 2 weeks before the other two areas (mid-June vs. end 

June/beg July), this cannot account for the fact that full-on illumination is reached ca. half an 
hour earlier, as the sun sets at nearly the same time. 
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respectively. Interestingly, there is a stark contrast in timing between two units of the 
same type (commercial lighting) and of similar character (illuminated advertisement). 

 

Image 2.12: Alexanderplatz on-curves

 

Image 2.13: Alexanderplatz: Temporal profiles of intermittent units 

Potsdamer Platz 

The timing and duration of the five phases at Potsdamer Platz roughly mark the 
middle ground among the three areas (image 2.11), with a slight bias toward stable 
phases 2 and 4. Its compact on-curve indicates its comparatively low temporal 
extension: the bulk of the units are switched on late and within a short time, and the 
remarkably quick and consequent switch-off process begins early. The changes that 
take place during the course of the night are fairly small and tightly clustered: it is a 
rather stable lightscape. 

The on-curves of the four types of lighting reveal two distinct groups of temporal 
profiles, set apart by whether or not they are partially switched off during the night, 
i.e. whether they skip phases 3 and 4 (image 2.14). Firstly, the curves of the area’s 
infrastructural and commercial lighting are nearly identical and the area’s most 
temporally extended and stable types, coming on at nearly the same time to remain 
on all night until they are rapidly switched off in the early morning. Secondly, the 
architectural and indoor units – accountable for Potsdamer Platz’ reductions in phase 
3 – are very similar, the main difference being that architectural lighting is somewhat 
more temporally extended. 
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Image 2.14: Potsdamer Platz on-curves  

Hackescher Markt 

Hackescher Markt stands out with its particularly short dynamic phase 3 and long 
static phase 4 (image 2.11). The area’s on-curve underscores this character of 
stability. Once all units have come on, the changes that occur are very limited: During 
phase 3, only 20% of the units are switched off, marking the lowest reduction among 
the three areas; even in phase 5, only 20% are switched off, resulting in a high on-
rate of 60% at the end of the recording, after daylight has returned. 

 

Image 2.15: Hackescher Markt on-curves 

The temporal profiles of the types of lighting at Hackescher Markt share some 
characteristics and diverge in others (image 2.15). The starkest contrast exists 
between indoor lighting and the other three groups. Indoor lighting is the only type to 
be switched off during the night, i.e. it is exclusively accountable for the changes in 
phase 3. All other types remain fully on until the morning, effectively skipping phases 
3 and 4, and, in the case of commercial lighting, even phase 5. This is particularly 
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remarkable as commercial lighting is the category with the highest number of units at 
Hackescher Markt. While commercial lighting is thus the most temporally extended 
type in this area, indoor lighting is clearly the least extended. 

Comparison between the Lightscapes 

The temporal profiles of the three areas share a similar basic pattern of change 
insofar as the five phases are recognisable in each. Beyond this fundamental 
similarity, however, considerable differences exist. 

Alexanderplatz stands out as the most dynamic lightscape, with the lowest on-rate 
during the night (phase 4), as well as a high level of heterogeneity among the 
temporal profiles of the four types of lighting, resulting in a comparatively weak 
temporal profile. Hackescher Markt marks the opposite end of the spectrum: As three 
of four types of lighting are not reduced at all during the night, it features the highest 
on-rate and is not only the most stable, but also the most temporally extended. With 
its far-reaching stability in phases 2-4, high on-rate during phase 4, and considerable 
uniformity among the types of lighting, Potsdamer Platz shares several 
characteristics with Hackescher Markt, though these are not quite as pronounced. In 
contrast to Hackescher Markt, however, it is temporally less extended, notably 
reaching full-off before the end of the recording. 

The contrasts in the temporal profiles of the types of lighting result in shifts in the 
composition of the lightscapes as the night progresses. Contrasts are especially 
pronounced at Potsdamer Platz, where commercial and architectural lighting each 
account for one-third of the illuminated units in phase 2, increasing to 44% 
respectively decreasing to one-fifth (22%) in phase 4, and at Hackescher Markt, 
where commercial lighting increases from half to nearly two-thirds (63%) from phases 
2 to 4, while indoor lighting drops from one-fifth to zero. While the extent of these 
shifts is similar in numeric terms, their visual effect is not: They are hardly perceptible 
at Hackescher Markt, as the extinguished indoor units are comparatively small, but 
clearly visible at Alexanderplatz, where defining architectural units are switched off 
(image 2.7). Architectural lighting at Potsdamer Platz also exemplifies how strongly 
the individual temporal profiles of otherwise similar units can contrast: while the 
landmark DB Tower and Sony Center are among the area’s temporally least 
extended units (on for ca. 3:15 hours) and switched off by 1:00, the illuminated dome 
of the IMAX cinema, which is hardly visible from street level, remains on until the 
early morning (ca. 10 hours). 
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2.3.4 Temporal Profiles by Functional Types of Lighting 

 

Image 2.16: On-curves with on-rates and phases of the types of lighting 

Infrastructural Lighting 

Infrastructural lighting stands out particularly through its very stable profile: It is 
switched on in the evening and stays fully on until it is switched off again in the 
morning, thereby skipping phases 3 and 4 (image 2.16). For that, its switching-on 
begins later than any other type, tying with commercial lighting as the last to enter 
phase 2, and switching off beings fairly early. 

 

Image 2.17: Infrastructural on-curves 

The infrastructural on-curves are very uniform across the three areas: divergences 
are small and limited to phases 1 and 5 (image 2.17). For 6 of the 10 recorded hours, 
the on-rates are identical. As such, infrastructural lighting has a very strong temporal 
profile. 
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Architectural Lighting 

Architectural lighting is distinguished by extended stable phases on the one hand, 
and short, but intense dynamic phases on the other (image 2.16). In particular, phase 
2 begins early and extends about one hour longer than either of the other two types 
that are partially switched off, and phase 4 stretches far into the morning hours. 
Despite the two phases of reduction being rather late and short, their switch-off rates 
are comparatively far-reaching: Half the units are off in phase 4, and the rest are 
extinguished completely before the end of the recordings. Conversely, at 40%, the 
initial on-rate is high. 

 

Image 2.18: Architectural on-curves 

The three areas’ architectural on-curves are rather similar, indicating a strong 
temporal profile (image 2.18). This is especially apparent for Alexanderplatz and 
Potsdamer Platz, which is where the bulk of the units (11 of 12) are located. Not only 
do their full-on phases and nighttime reductions begin at the same time, but their 
switch-off rates are also alike. While Potsdamer Platz sets itself apart through its high 
initial on-rate, Alexanderplatz does so with its intermittent unit that is relit at around 
4:00. Hackescher Markt’s curve seemingly contrasts, as its only architectural unit 
remains illuminated all night – however, so do half of the units in the other two areas. 

Commercial Lighting 

Commercial lighting stands out with its long dynamic phase 3 and its fairly short 
stable phase 2 (image 2.16). However, the changes it exhibits are actually quite 
small: Only a scant 20% of the units are off during phase 4, and over half remain on 
at the end of the recording. While switch-off times are thus spread rather broadly 
over time, the switch-off rates are low. In addition to this far-reaching stability, 
commercial lighting is also highly temporally extended: beginning and ending in a 
partial on-state, it is the only type that is never fully off. 
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Image 2.19: Commercial on-curves 

The three areas’ commercial on-curves are rather divergent – and this broad 
variation in temporal profiles is the reason for commercial lighting’s short overall full-
on phase (image 2.19): While full illumination is only reached at 22:00 at Potsdamer 
Platz, it already ends at midnight at Alexanderplatz. Potsdamer Platz and 
Hackescher Markt are akin in their extended full-on phases and lack of switch-offs 
during the night. Nonetheless, they are far from identical: Beginning and ending in a 
full-off state, Potsdamer Platz’ curve is comparable to infrastructural lighting with its 
late but rapid switch-ons and early but rapid switch-offs. Hackescher Markt, on the 
other hand, is extreme in its stability and temporal extension: Its commercial lighting 
is switched on early and quickly, and remains illuminated without exception until the 
end of the recording. By contrast, Alexanderplatz’ commercial lighting sees 
considerable variations after midnight: It drops to ca. 60% in phase 4, and is the sole 
reason for the reduction visible in the aggregate on-curve. Additionally, changes take 
place during phase 4 that are not visible in the on-curve: Two intermittent units are 
switched off and on at nearly the same time, effectively cancelling each other out – 
thus, while the proportion of units that remain on is stable, their composition changes. 

Indoor Lighting 

Indoor lighting stands out through its compact on-curve and thus its limited temporal 
extension (image 2.16). It is the only type to be fully off at the beginning and end of 
the recordings: its units begin coming on comparatively late in the evening, and are 
the earliest to be off in the morning. Phase 3 is short and changes are strong: within 
under an hour after midnight, the on-rate drops below 50%, further than any other 
type. Similarly, its phase 4 begins – and ends – 1-2 hours earlier than that of 
commercial or architectural lighting. 
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Image 2.20: Indoor on-curves 

The on-curves of the three areas are fairly uniform in that they display largely similar 
timing in the first two dynamic phases (image 2.20). Notably, the switch-offs that 
occur within such a short time in phase 3 are spread over all three areas. There are, 
however, substantial differences in terms of stability and temporal extension: 
Hackescher Markt with its stable full-off situation as of 00:45 marks the one end of 
the spectrum – Alexanderplatz marks the other with its successive and intermittent 
reductions. 

Comparison between the Types of Lighting 

Before midnight, similarities predominate among the temporal profiles of the four 
types of lighting – after midnight, however, differences abound in terms of the timing, 
speed and extent of change. 

With its high uniformity across the three areas, infrastructural lighting exhibits a very 
strong temporal profile and clearly sets itself apart from the other three types as the 
only group that remains fully on throughout the night, and in which only three of the 
five phases are recognisable. While this extreme stability is unsurprising, it is 
remarkable that the infrastructural units are most reliably joined in their nightwatch by 
commercial lighting – remaining fully alight in two of three areas, it shows little 
reduction during the night and a high temporal extension. This pronounced leaning 
toward uninterrupted and extended illumination is particularly interesting as 
commercial lighting is not only the largest category, but also contains two arguably 
rather different forms of illumination: signs and shop windows. Architectural and 
indoor lighting are considerably more dynamic. They are alike insofar as they exhibit 
strong contrasts in their on-rates, are reduced to similar extents during the night and 
are completely switched off before 6:00. However, while the reduction rate among 
architectural units is high, so is the duration of their full-on phase: the switch-off 
process begins late, ca. one hour after the other two dynamic types. Its strong 
temporal profile indicates that architectural units across the board follow similar 
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schedules. By contrast, the overall temporal profile of indoor lighting is rather weak, 
indicating that there is no clear usage pattern; and with its early and far-reaching 
switch-offs, it is the least extended type of all. 

2.4 Discussion 

The proposed research design and the findings from the Berlin cases open pathways 
and first insights for a deeper understanding of the temporalities of high-density 
lightscapes. As many questions remain to be answered, the design now awaits 
further application and validation. 

2.4.1 Research Design 

With the research design, temporal lighting practices in complex lighting situations 
can be systematically deconstructed, described and compared. It traces changes in 
illumination that have been observed at more aggregate levels to their roots, namely 
to the individual elements of which lightscapes are composed. This detailed 
approach, however, brings with it a central limitation: It is hardly apt for studying the 
temporal profiles of large intricately lit areas such as the lightscapes of entire cities. 
While this is theoretically conceivable, it appears beyond fair effort and would imply 
questionable levels of surveillance.  

The design was conceived to be easily transferrable to other places, and compatible 
with diverse research interests related to questions of temporality and/or artificial 
lighting. Such broad applicability demands a certain level of technical and conceptual 
simplicity. The temporality of outdoor illumination is thus studied at its most basic: by 
way of the lights’ on/off transitions. These can easily be extracted manually, keeping 
the use of specialised software possible, but not mandatory, and well be compared 
with other temporal data. Possible changes in the lights’ brightness levels are, 
however, disregarded. This is currently likely of limited concern in most places, but 
will become more relevant as more adaptable lighting technologies spread. Using 
temporal units of lighting as base elements focuses the analysis on the main factor of 
interest: temporality. However, it treats the elements of lightscapes as equals, while, 
in fact, they are highly varied. Weighting the units according to characteristics such 
as size or brightness may offer a possibility to mitigate this issue, but remains to be 
developed and tested. Similarly, calculating aggregate on-rates as percentages and 
visualising these as on-curves facilitates comparisons among different categories of 
lighting. It can, however, obscure overlapping changes and be deceptive when base-
numbers are small, demanding heightened caution in interpretation.  

The design’s transferability now calls for testing: By applying it in other contexts and 
comparing the results among each other, insights could not only be gained regarding 
similarities and differences among temporalities in different locations or during 
different nights, but also for the further consolidation of the design itself, e.g. by 
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prospectively complementing the design’s qualitative terms for characterising 
temporal profiles with quantitative descriptors. Finally, by facilitating systematic 
comparisons among similar types of areas or lighting in different cities or countries, 
and among different types of areas or lighting within the same geographic and policy 
context, the design can provide indications of factors that temporal lighting practices 
may hinge on. It cannot, however, explain them: To more fully understand what 
determines the observed patterns, further research will invariably be necessary. 

2.4.2 Findings 

By applying the proposed research design to the three Berlin cases, the question 
was addressed of how the temporality of urban lighting is structured in these urban 
centres, which are similar in many respects. The observed patterns can, essentially, 
be traced to two types of units that reflect temporally distinct lighting practices: Firstly, 
all-night units, which are kept continuously illuminated throughout the night and 
represent the large majority (ca. 2/3) of all units. Secondly, part-night units that are 
switched off at some point during the night – either to remain off, as is mostly the 
case, or to be switched back on before daylight returns (intermittent units). The 
majority of units thus does not contribute to the changes visible in the lightscapes 
during the night: These are solely a function of the part-night units. It is (a) how their 
switching times are spread over the night, in combination with (b) how the units 
themselves are distributed across the three areas and four types of lighting, that 
shapes the different temporal profiles. 

In each lightscape as a whole, the part-night units’ switching times are neither 
distributed evenly nor randomly over the night. Rather, they are clustered, resulting in 
alternating static and dynamic phases. Midnight emerges as a temporal fault line: full 
illumination ends, and a ca. two-hour phase of transition begins as units are switched 
off. The lightscapes then once again come to rest in a partly illuminated state until the 
morning switch-off begins. Thus, the lightscapes will look different depending on 
when they are observed – not only in terms of numbers of illuminated units (these are 
reduced), but also in terms of their functional composition (infrastructural and 
commercial units become more dominant vs. architectural and indoor units), in effect 
making them less diverse. Further research could e.g. reveal whether midnight is a 
typical temporal fault line, or whether it is specific to Berlin in summer. 

The part-night units, and the points in time at which they are switched off, are also 
not distributed evenly across the three areas or the functional types of lighting. As a 
result, there are partly substantial differences between the various temporal profiles. 
These are more pronounced among the functional types than among the areas: The 
areas differ from each other more by degree, whereas the types differ in character. 
This becomes especially apparent as of midnight: While infrastructural and 
commercial units remain (nearly) fully alight, many architectural and indoor units are 
switched off – albeit as of rather different times. The resulting hypothesis is that – at 
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least for Berlin’s urban centres – temporal lighting practices are more closely linked 
to the purposes to which lights are put than to the area to which they belong. This 
would imply that the temporality of a lightscape is likely, at least in part, a result of its 
functional composition. Among the areas, differences interestingly appear greater 
between Alexanderplatz with its strong dynamics on the one hand, and the other two 
considerably more stable areas on the other – rather than between Alexanderplatz 
and Potsdamer Platz as comparatively bright, large-scale areas, vs. more mundane 
Hackescher Markt, which was chosen as a contrast example. What is at the root of 
the observed differences between areas, types and individual units remains an open 
question, and points toward the need for further inquiry: for one, by testing other 
forms of classification with larger empirical bases to determine their explanatory 
power, and for another by investigating the temporal rationales of the actors who 
determine the lights’ schedules. 

2.5 Conclusions 

The research design presented in this article fills a gap in the toolbox of 
interdisciplinary lighting studies by offering a means of systematically describing and 
contrasting temporal lighting practices. Geared toward detailed analyses of complex 
lightscapes such as those of urban centres, it complements existing approaches that 
take a larger-scale view of the temporal (Dobler et al., 2015; Bará, S., 2017) and of 
the spatial (e.g. Kyba et al., 2014; Kuechly et al., 2012; Hale et al., 2013; ISR, 2013) 
structure of urban lightscapes. The design is transferrable to different contexts and 
adaptable to different research interests. As such, it contributes to the development 
of forms of lighting cartography that are much-needed for better understanding, 
communicating about and managing the usage of artificial lighting. 

The findings from the Berlin areas show that their lightscapes’ compositions change 
significantly throughout the night. This has important implications for assessments of 
lightscapes based on data collected at specific points in time, e.g. via aerial imagery: 
depending on when it is collected, results will differ. As – at least in Berlin on 
weeknights – phases of illumination are clearly discernible, time-windows can be 
identified during which it is likely that most lights are on (ca. 22:00-00:00), and during 
which a largely stable part-on state can be observed (ca. 2:00-4:00). Once identified, 
such time-windows can be targeted in further research. For example, comparative 
analyses of photographs of the entire city during these two phases can provide 
pointers toward overall switch-off patterns that are beyond the scope of the here-
presented small-scale design. 

For the development of temporally oriented lighting policies such as those in France 
(République Francaise, 2013), results such as those presented here can provide an 
empirical underpinning for debating and defining lighting curfews, as well as for 
monitoring the effectiveness of regulations. Going further, comparisons of the 
temporal profiles of lighting with those of other urban functions (e.g. opening hours or 
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public transport schedules) could provide valuable insights on the relation between 
lighting rhythms and activity patterns (Meier & Henckel, 2017) is a first exploration]. 
Such knowledge provides a basis of departure for further investigating the rationales 
of the actors behind the lights’ switches – who will, in the end, be the addressees of 
regulations. 

 

  



 46 

 

 

 

  



 47 

3 Designating Dark Sky Areas: Actors and Interests*!! 

3.1 Introduction 

The rapid increase in artificial outdoor lighting has led to a widespread loss of areas 
with naturally dark nights in many regions of the world. With problematic effects of 
artificially illuminated nights – widely termed as light pollution – becoming ever-more 
apparent and increasingly recognised (see e.g. Morgan-Taylor 2015), efforts to 
define and safeguard areas in which nights are still fairly dark have gained 
momentum in recent years. 

The designation of “dark sky areas” is currently the policy instrument most widely 
applied to this purpose. National and international organisations such as the Royal 
Astronomical Society of Canada (RASC) and the International Dark-Sky Association 
(IDA) promote and offer various options for dark sky certification that are increasingly 
sought after. A central prerequisite for such certification is the implementation of 
public policies, underpinned by broad political and public support, to protect the 
quality of the night sky by minimising light pollution, in consequence demanding 
substantial multi-stakeholder efforts. 

The analysis presented here takes a first step toward better understanding these 
efforts and thereby contributes to the inquiry of the emerging lighting governance 
framework that Aubrecht et al. called for in 2010. It strives to identify which actors are 
involved in the work towards dark sky designation at local and regional level, which 
positions these actors have toward the designation and which interests shape these 
positions. The research builds on case studies centred on semi-structured interviews, 
which were informed and complemented by reviews of primary and secondary 
literature, participant observation, policy document analysis and a screening of media 
reports. 

In taking this empiric approach, this contribution furthers and complements a body of 
literature that has, so far, been advanced mostly by thematic conferences at the 
junction between research, policy and practice and their proceedings. Examples 
include the “Ecology of the Night” symposium in 2003, with contributions on the 
Canadian and US park administrations’ outlooks on mitigating light pollution (Welch, 
2003; Moore, 2003), the “International Starlight Conferences” held in 2007, 2009 and 
2012 with contributions on regional efforts toward and regulatory aspects of dark sky 
protection (e.g. Gyarmathy, Kolláth, & Pintér, 2007; Legris, 2007; Wuchterl, 2009; 

                                                   
!  © 2014 From Urban Lighting, Light Pollution and Society by J. Meier, U. Hasenöhrl, K. Krause, & 

M. Pottharst (Eds.). Reproduced by permission of Taylor and Francis Group, LLC, a division of 
Informa plc. 
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Hearnshaw, 2013; Welch, 2013) and, similarly, the annual “European Symposia for 
the Protection of the Night Sky” and “International Symposia for Dark-sky Parks”.10 

The contribution sets out with an overview of current designated areas and options 
for certification. Using examples of dark sky areas in Canada, Germany and the 
United States, it then examines the actors involved at local and regional level and the 
range of interests at play in the pursuit of dark sky designations. Finally, it seeks to 
identify how these actors and interests compete or align when it comes to protecting 
areas from the impacts of artificial lighting. 

3.2 Designated Areas Around the World and their Proponents 

Dark sky areas can be defined as delimited areas remote from urban centres with 
low levels of light pollution, for which policies have specifically been put in place to 
protect and preserve their natural darkness for the general public. Their number has 
increased quite rapidly in recent history: 50 of the 55 areas analysed for this study 
were designated in the ten years since 2004 11 . The great majority of these 
designations (45 in total) came into place in the years since 2008, which highlights 
the relative novelty as well as the recent dynamic of this policy movement. 

The majority of all designated areas are, thus far, located in North America, where 
the movement has its origins (see image 3.1). More recent years have seen 
increased designations in Europe, where over one third of the areas are to be found, 
as well as individual designations in Africa, Oceania and South America. Overall, 
dark sky designation can currently clearly be described as a phenomenon of western 
industrialised countries. 

In most cases, dark sky areas overlap with areas that are already under some form 
of environmental protection. Reasons for this include that environmentally protected 
areas are often remote and thus less affected by urban lighting (though light is clearly 
encroaching – see Aubrecht, Jaiteh, & de Sherbinin, 2010); that protection from light 
pollution can be added on to an existing set of conservation regulations; that there is 
a single managerial body to coordinate the endeavour; and that the largest 
designation schemes in part require that the land is previously protected (see below). 

                                                   
10  Dark sky areas also play a prominent role in the Journal of the RASC’s Special Report on the 

“Environmental Impact of Light Pollution and its Abatement”, which contains contributions on 
approaches to and experiences with the protection of dark sky areas as well as an overview of 
designated areas (Dick & Welch, 2012a, 2012b; Giguère, 2012). 

11  Some dark sky areas have received more than one designation. These numbers reflect the year 
the first designation was put in place. They do not include protected zones established around 
observatories, unless they have been explicitly designated as publicly accessible dark sky areas, 
or designations in urban areas. The statistics are based on information compiled by the IUCN 
Dark Skies Advisory Group (2014) and the Starlight Initiative (n.d.) as well as own research and 
cover the time up to May 2014. 
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There is a range of actors that designate dark sky areas. These include national and 
international non-governmental organisations and foundations as well as local, 
regional and state-level governments and institutions. Similarly, there is a variety of 
types of designation. These include certification schemes that allow actors to apply 
for an area to be designated, thereby typically granting the right to carry a label, as 
well as legislative procedures that lead to declaration as a dark sky area, commonly 
through a political decision. 

 

Image 3.1: Locations of dark sky areas around the world; source: own illustration 

Among the actors that designate dark sky areas, the two most prominent by number 
of designations are currently the IDA and the RASC: taken together, they account for 
roughly 70% of designations. While the IDA designates internationally, the RASC 
has, so far, only designated areas in Canada. In 2007, the Starlight Foundation was 
established as an additional international designating organisation. All three of these 
organisations are rooted in or have close links to astronomy and designate dark sky 
areas in the sense of certifying them according to set criteria, allowing them to carry 
a label if designation is granted. 

The IDA and the RASC employ three different designation schemes (see table 3.1): 
International Dark Sky Parks, International Dark Sky Reserves (both IDA) and Dark-
Sky Preserves (RASC). One substantial difference between the schemes is that 
Reserves and Preserves feature a dual-zone concept – there is an inner core zone 
and an outer buffer zone which can include municipalities – whereas parks rely on a 
single-zone concept. Linked to this, demands toward the type of land to be 
designated vary: While Parks should be in public hands, Preserves and Reserves 
can include private land; additionally, the designated land should be completely 
(Parks) or partially (Reserves) under environmental protection. Beyond these 
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differences, the three designation schemes share a number of essential 
requirements – though there are nuanced differences between these, their general 
orientation aligns quite closely. Aside from demands toward night sky quality12, these 
include the provision of public night-time access to all or part of the area and of 
education or outreach programming aimed at the general public and municipalities. 
At policy level, the adoption of lighting guidelines to minimise lighting and light 
pollution in the area is required13, as is the compilation of a lighting inventory and the 
specification of compliance plans for changes to lighting that does not yet meet 
demands (IDA, 2013a, 2013b; RASC & Dick, 2011; Dick, 2013). 

Parameters and basic concept 

Designation Dark-Sky Preserves Dark Sky Parks Dark Sky Reserves 

Designating 
organisation RASC IDA IDA 

First designation 1999 2006 2008 

Designations as per 
April 2014 15 16 8 

Zone concept Dual-zone Single-zone Dual-zone 

Type of land 
Public or private land 
with a single 
managing authority 

Protected public land 
Public or private land, 
core must be 
protected 

Key requirements 

Key general requirements Key policy requirements 

! Minimum night sky quality! !!Adoption of lighting guidelines!

!!Night-time accessibility! !!Compilation of a lighting inventory!

!!Education and outreach programming! !!Compliance plans for lighting that does not 
meet the guidelines’ demands!

Table 3.1: Largest designation schemes – main characteristics14; source: own illustration 

                                                   
12  The level of night sky quality is determined through readings using a technical device (Unihedron 

Sky Quality Meter – SQM) or applying comparative methods relying on the human eye (esp. the 
Bortle Scale). The RASC directly adds a SQM reading to the designation title; in order to be 
granted designation, an area’s night sky quality must be considered sufficient by a local 
astronomy group (RASC & Dick, 2011, p. 4). The IDA has three defined tiers – gold, silver and 
bronze – that each correspond to a range of levels of darkness; in order to be granted 
designation, an area must at least meet bronze-tier night sky quality requirements (IDA, 2013a, 
pp. 3–7, 2013b, pp. 3–6). 

13  In the case of Dark Sky Reserves, adequate guidelines must be adopted by municipalities to a 
proportion corresponding to at least 80% of the population and 80% of the area of protection 
within the entire Reserve. These “should address all private and public owners of communities 
within the area of protection”, though exceptions may apply (IDA, 2013a, p. 3). In the case of 
Dark-Sky Preserves, the guidelines should apply to the entire area. However, there is the option 
of isolating larger towns by surrounding them with a buffer zone (Dick, 2013). 

14  There is some flexibility to both designation schemes. While the IDA stipulates where exceptions 
to requirements may be possible, the RASC states generally that it may “! waive or amend any 
of these guidelines for a specific application provided that the integrity of the DSP programme is 
not jeopardized” (RASC & Dick, 2011, p. 4). 
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3.3 Introducing the Case Studies 

The analysis of actors and their interests is based on three case studies, which were 
chosen such as to ensure that a variety of ages of designation, of designation 
schemes and designating organisations, as well as of states and types of protected 
areas15 is represented. In short, the case studies can be characterised as follows: 

! Year of 
designation Designation scheme Designating 

organisation 
Type of protected 
area 

Size in 
km2 

The Torrance Barrens, Ontario, Canada 
One of the oldest known designated dark sky areas 

! 1999 Dark-Sky Preserve RASC 
Uninhabited, no 
facilities 
IUCN category II 

19 

The Headlands, Michigan, USA 
A dark sky area recently designated under the leading designating organisation’s largest program 

! 2011 Dark Sky Park IDA 

Largely temporarily 
inhabited, basic 
facilities 
IUCN category 
unassigned 

2,4 

The Westhavelland, Brandenburg, Germany 
A recently designated triple-zone dark sky area that includes several municipalities 

! 2014 Dark Sky Reserve IDA 

Incorporating towns in 
2 zones surrounding a 
core 
IUCN category V 

Core: 
38,6 
Inner 
buffer: 
748 

Table 3.2: Case studies: overview and main characteristics; source: own illustration 

The following descriptions of the case studies outline information on selected 
framework conditions, including the type of protected area and related aims, and 
provide a brief summary of the process leading up to dark sky designation. 

3.3.1 Torrance Barrens, Ontario, Canada 

The Torrance Barrens is a RASC Dark-Sky Preserve located within the District 
Municipality of Muskoka in Southern Ontario, Canada, at a distance of approximately 
5 km from the small village of Torrance to the Northwest, and ca. 10 km from the 
town of Gravenhurst with its 12.000 inhabitants to the Southeast. The city of Toronto 
is at a distance of roughly 190 km to the South. The Muskoka area is known as 
“cottage country” – it is a destination for outdoor recreation and leisure activities – 

                                                   
15  Where possible, International Union for Conservation of Nature (IUCN) categories are named for 

ease of comparison. For an overview of the categories, see (Dudley, 2008, pp. vii, x, 13ff). 
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and the tourism industry constitutes Muskoka’s main economic base (District 
Municipality of Muskoka, 2011, p. 20). 

The 19 km2 Torrance Barrens was designated a conservation reserve by the Ontario 
Ministry of Natural Resources (MNR) in 1997, after having been identified as worthy 
of protection by local individuals and governments for its natural, recreational and 
aesthetic value. Conservation reserves are designed “to protect natural heritage 
areas and natural features on public land, while preserving traditional public land 
uses” (Gray et al., 2012, p. 169). The Torrance Barrens abuts other protected areas, 
making it part of a local system of parks. The reserve is characterised by bedrock 
barrens and wetlands with some wooded areas. It is completely uninhabited, but 
features several hiking trails, and a main snowmobile trail runs through the reserve 
(Ontario Ministry of Natural Resources, 2006; Shaver, 2003; Silver, n.d.). 

As Crown land, the Torrance Barrens is owned by the province of Ontario and 
operated by the Parry Sound District of the Ontario MNR. Administratively, it lies in 
the Township of Muskoka Lakes and the Town of Gravenhurst. Though the property 
is contiguous, it encloses a parcel of land owned and protected by a private regional 
land trust, which is, however, equally accessible to the public (interview 1). As is the 
case for all conservation reserves, the MNR’s operation of the Torrance Barrens is 
governed by a “Statement of Conservation Interest” that is specific to the site and 
details the Ministry’s intents for its development (Shaver, 2003, p. 1).  

It is through this Statement of Conservation Interest that the Torrance Barrens was 
designated a “Dark Sky Reserve” by the MNR in 1999, which stipulates that if the 
installation of any lighting is considered in the future, “the MNR will not allow 
unnecessary, undirected light pollution” (Ontario Ministry of Natural Resources, 2006, 
p. 13). The designation was the result of a bottom-up initiative which fed into the 
consultation process for the drafting of the Statement. It was begun by a cottager one 
year prior and quickly garnered the support of individuals, interest groups and the two 
town councils. The designation of the world’s first permanent Dark Sky Reserve was 
publicly announced at the RASC’s 1999 annual meeting. Soon thereafter, the RASC 
itself recognised the Torrance Barrens as the first of what would become a series of 
RASC dark sky areas in Canada (interview 2; interview 3; Muskoka Heritage 
Foundation, 2013; Shaver, 2003). 

3.3.2 The Headlands, Michigan, USA 

The Headlands is a silver-tier Dark Sky Park located along the Straits of Mackinac on 
the Northern tip of the State of Michigan’s Lower Peninsula in the United States of 
America, approximately 3,2 km from Mackinaw City with its ca. 800 inhabitants. The 
surrounding region is known as a resort community, and tourism has been the 
county’s primary industry since its founding in 1853 (Emmet County, 2009, p. 53, 
2013, pp. 5–8). 
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The Headlands covers an area of approximately 2,4 km2! and was designated a 
county park by Emmet County in 1996 (Emmet County, 2011, p. 23). As a county 
park, the Headlands is classified as a Natural Resource Area, meaning that the land 
has been “set aside for preservation of significant natural resources, open space, and 
visual aesthetics/buffering” (Emmet County, 2013, p. 20). The park is largely wooded 
and has a trail system that caters to visitors such as hikers, cyclists, and cross-
country skiers. Of the three buildings in the Headlands at the time of designation, 
only the caretaker’s residence was permanently inhabited. The two guesthouses 
were available for rent by the public and could accommodate up to 40 people in 
total16 (Emmet County, 2012, 2013, p. 31). 

The Headlands property is owned and operated by Emmet County. However, a 
private land trust holds a conservation easement to prevent excessive development 
and assure that the Headlands remain available for public recreation (Little Traverse 
Conservancy, 1996). The park is governed by the Emmet County Parks and 
Recreation Committee, which consists of members of the County Board of 
Commissioners (the county’s governing body) as well as county citizens (Emmet 
County, 2013, p. 18). 

Work towards dark sky designation began in 2009, the International Year of 
Astronomy, when the County Board of Commissioners signalled support of a 
proposal developed by a local star lore historian together with an employee of the 
county’s communications department and the director of the Outdoor Lighting 
Forum17 (Emmet County, 2011, p. 42f; interview 4). With a unanimously passed 
resolution, the Board of Commissioners adopted a Dark-Sky Park Policy as well as 
an amendment to the County Park Rules Ordinance, and designated the Headlands 
as the county’s first Dark-Sky Park in 2010 (Emmet County Board of Commissioners, 
2010; Emmet County, 2010). In May 2011, designation was awarded to the 
Headlands by the IDA. Remarkably, the dark sky area was expanded considerably 
little over a year later, when a large tract of state- and county-owned land was 
designated a Dark Sky Preserve under a pre-existing Michigan law, thereby creating 
a contiguous “Dark Sky Coast” of over 90 km2 (interview 5; Emmet County, 2013, p. 
34). 

3.3.3 Westhavelland in Brandenburg, Germany 

The nature park (Naturpark) Westhavelland is a silver-tier Dark Sky Reserve, located 
in the federal state of Brandenburg, Germany, about 70 km west of Berlin. The 1.315 
km2 park incorporates a total of 78 municipalities and 75.305 inhabitants. Roughly 

                                                   
16  One of the two guesthouses has meanwhile been removed; plans for establishing a larger facility 

are under consideration (Bentley, 2014). 
17  The Outdoor Lighting Forum is a volunteers’ organisation working for the reduction of light 

pollution in the region. 
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half of the population lives in Rathenow and Premnitz, two larger municipalities in the 
south-western part of the park, while the other half is disbursed across small villages 
(MUGV Brandenburg, 2010). The overall region has been faced with considerable 
population and commercial decline since German reunification in 1990. While there is 
some industry in Rathenow and Premnitz, agriculture and tourism (albeit at a fairly 
low level) are the main sectors of employment in the Westhavelland’s extensive rural 
areas (MUGV Brandenburg, 2007; interview 6). 

German nature parks aim to combine the protection of a high level of habitat and 
species diversity with environmentally responsible agriculture, sustainable tourism 
and land use (Bundesamt für Naturschutz, 2012). As such, the Westhavelland is a 
large-scale cultural landscape that is predominantly composed of landscape 
protection areas (77% of the total area, IUCN category V) and nature reserves (20% 
of the total area, IUCN category IV), and roughly 70% of the land is in private hands. 
Established as a nature park in 1998, the Westhavelland’s landscape is 
characterised by numerous bodies of water, broad lowlands and wooded uplands 
(Hänel, Hesse, & Isermann, 2013, p. 26; MUGV Brandenburg, 2010). 

The park’s administration is subordinate to the state’s Ministry of Environment, 
Health and Consumer Protection. It is tasked with supporting the region’s sustainable 
development by preserving its natural resources, promoting environmental education, 
mobilising the park’s economic potential and mitigating conflicts, which occur 
primarily between environmental protection and agricultural use (interview 7; MUGV 
Brandenburg, 2011). A board of trustees, composed of stakeholders from various 
administrative levels and regional interest organisations, acts as a broker of interests 
between the park administration, municipalities and other regional authorities and 
organisations. The municipalities in the nature park enjoy a high level of decision-
making autonomy, including the right to shape their own lighting and thus the main 
source of artificial illumination in the Westhavelland. 

The first step toward establishing a dark sky area was taken in early 2010, when the 
park’s board of trustees unanimously supported the idea of applying for designation. 
The suggestion had been put forward by the head of the dark sky section of the 
German amateur astronomers’ organisation and was supported by the park 
administration. Four unlit and unpopulated areas (122 km2 in total) in the north-
westerly part of the park were proposed to the IDA for designation as a Dark Sky 
Park in late 2011, following the approval of the initiative and of the proposed lighting 
guidelines by the councils of 17 nearby towns18. The concept foresaw that the four 
areas would eventually be combined and expanded to one larger area, including 16 
                                                   
18  With one exception, all councils addressed voted in favour of the initiative the first time it was put 

up for decision. In the town of Friesack, located at the park’s eastern edge, the proposal was 
initially voted against following heavy debates due to concerns about potential restrictions. A 
second vote, taken several months later and after further information had been provided, 
resulted in a majority decision (12:2:1) in support of the initiative (interview 8; Stadt Friesack, 
2011). 
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adjoining municipalities, as these make changes to their street lighting (Hänel & 
Hesse, 2011, pp. 19, 21). While this application was rejected by the IDA, it recom-
mended to pursue the establishment of a dual-zone Dark Sky Reserve rather than a 
Park (IDA, 2012). This suggestion was taken on and efforts were reinforced by all 
parties involved, resulting in a new application for designation as a Dark Sky 
Reserve. Submitted in late 2013, designation was granted in early 2014, thus making 
it the first dark sky area in Germany (IDA, 2014). A completely uninhabited and unlit 
core zone in the north-western part of the park is now surrounded by two buffer 
zones. The first surrounds the core completely and includes several villages, all of 
which have adopted lighting guidelines that apply to their public lighting. The second 
buffer encompasses the more distant areas of the park to the north-east and south. It 
thus also includes the two larger towns of Rathenow and Premnitz – remarkably, 
both of these towns’ councils voted in favour of adopting the proposed lighting 
guidelines, as did the other smaller townships that took decisions19 (Hänel et al., 
2013). 

3.4 Actors and their Interests 

Across the three case studies, a total of 46 distinctive actors were identified and 
included in the analysis of interests. All of these are known by individual or 
organisational name and function. 17 of these actors were interviewed personally 
and could thus be analysed based on these interviews as well as on documents 
authored by the actors themselves and secondary information from interviews with 
other actors and from further documents; the remaining 29 were analysed based on 
documents authored by the actors themselves, as well as secondary information 
from the conducted interviews and from further documents. 

The range of actors is broad and includes individuals with and without relevant 
organisational affiliations, NGOs, government bodies, politicians and business 
organisations. For the purpose of analysis, these actors were categorised according 
to whether they a) follow specific thematic orientations or b) fulfil a generic structural 
role. This resulted in three thematically related and two structurally related actor 
groups: 

  

                                                   
19  When the application was submitted, the municipalities in the second buffer zone that were 

located furthest from the core had expressed their support but had not yet taken a vote (Hänel, 
Hesse, & Isermann, 2013, p. 49). 
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! Name of group Types of actors included 

Thematically related actor groups 

! The Astronomers Actors who have a clear thematic orientation 
towards various forms of astronomy 

! The Environmentalists Actors who have a clear thematic orientation 
towards environmental protection 

! The Heritage Preservationists Actors who have a clear thematic orientation 
towards heritage preservation 

Structurally related actor groups 

! The Politicians Actors who are elected decision-makers 

! The Businesspeople Corporate actors and their interest organisations 

Table 3.3: Actor groups: Overview; source: own illustration 

The decisive aspect for the classification was each actor’s main entry point to the 
endeavours for dark sky designation in the region. The result was cross-checked by 
examining whether basic patterns of interest could be identified within the groups that 
emerged, which was the case. 

It is to be noted that a limited number of actors are included in more than one group. 
This is the case for some individuals – for example, a person who is an amateur 
astronomer as well as an activist for environmental conservation – and for a few 
organisations – for example, a heritage foundation that works toward the protection 
of both historical and environmental heritage. With one exception, the actors that 
straddle more than one group remain within the thematically related groups. 

The following basic set of aspects was analysed and is described for each of the five 
actor groups: 

! Composition of the group: 

What types of actors does the group include for each of the case studies? 

Is the group fairly homogenous or are there relevant differentiations? 

! Basic attitude toward the dark sky designation: 

Are the actors in favour of the designation or do they oppose it? 

If applicable: Which differentiations are to be made? 

! Main interests related to the dark sky designation: 

Which core interests do all actors within the group share? 

Which additional interests are most pronounced in the actor group? 
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3.4.1 The Astronomers 

Astronomers, that is: actors with a clear orientation towards astronomy, are well 
represented in all three case studies. The group includes both professional and 
amateur astronomers. While some of the astronomers act as individuals, others act 
on behalf of astronomy-oriented organisations. Where the latter is the case, the 
actors are generally the heads of organisations or sub-groups which have taken on 
the issue of light pollution. 

Most actors in the group approach astronomy through the lens of astrophysics. 
However, the group also includes a cultural humanities approach to the topic. What 
ultimately binds the two together is the need to be able to see the night sky with its 
celestial bodies in order for the actors to be able to fulfil their respective pursuits. 

Against this background it is not surprising that all actors in this group strongly 
support the designation as a dark sky area. Several are among the initiating actors 
and driving forces of the processes: in each of the cases, there is at least one 
astronomy-oriented actor at the centre of the happenings. 

The core interests of this actor group emerge clearly and revolve around the 
conservation of a “window” to the night sky – generally for observation, but in certain 
cases also for preserving opportunities for education and research. For some, this 
can mean the protection of an existing, albeit undeclared, observation site. For 
others, it can mean the salvation of one of a few remaining places and its instatement 
as a location for astronomical observation. In either case, the main aim is to preserve 
a place and thus an opportunity for an activity that is absolutely dependent on low 
levels of light pollution: observing the night sky. As one astronomer illustrates, this is 
particularly crucial for amateur astronomers (interview 9, author’s translation): 

“Well, where should they [amateur astronomers] go to observe? Where can 
they go to observe? I mean, the professionals – they are long gone. They 
emigrated a long time ago.” 

A very broadly shared interest is that in creating popular awareness for the protection 
of the night sky as well as the issue of light pollution and options for its abatement. 
Several different nuances can be identified with regard to this interest. The most 
pronounced is that the visibility of the night sky should be more broadly recognised 
as a thing of value and worthy of protection – be it within the region concerned or 
beyond. Substantial interest is also devoted to the possibility of using the designated 
area as a vehicle for raising awareness of light pollution, not only as a detriment to 
the visibility of the night sky, but also as a serious environmental threat and thus a 
necessary aspect of environmental protection more generally. 

Linked to this, the designation of a dark sky area is seen by some as a supporting 
element toward the reduction of light pollution directly in the region concerned – be it 
through positive sensitisation of the population and thus broader political acceptance 
of measures or through measures directly linked to the designation, such as changes 
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to existing lighting. Finally, and particularly in the Westhavelland, this interest goes 
hand-in-hand with the prospect of setting an example for other towns and regions by 
demonstrating how lighting can be implemented that is sensitive to night sky and 
environmental issues without alienating the local population. 

3.4.2 The Environmentalists 

The environmentalists, that is: the actors with an environmental conservation focus, 
are well represented in all three case studies. A substantial portion of this group’s 
actors are public administrations or institutions charged with the administration and 
development of natural resources and parks. The group also encompasses non-
governmental organisations with an environmental focus (especially bird 
conservation), and private land trusts. Individuals are also well represented within the 
group. In some instances, the individuals do not only act on their own behalf, but also 
fulfil leading functions in regional organisations within which environmental 
conservation is only one of several topics. 

The environmentalists express clear support of the designation – and several of them 
are among the central proponents of the idea. What makes the dark sky designation 
desirable for the environmentalists is that it basically adds an additional layer of 
protection, thus reinforcing and complementing existing mechanisms that are already 
in place to conserve an ecologically valuable area. In the environmentalists’ 
perception, naturally dark nights are an integral part of an intact natural environment 
that is to be conserved, as are the plant and animal species whose habitat it is. The 
executive director of a private land trust illustrates the complementary nature of 
environmental and dark sky protection as follows: 

“That was sort of a delightful surprise to us that sort of verified what we do in 
land conservation. That when we protect land in perpetuity, it's not just for the 
purposes that we're aware of now, but new things can come up. We didn't 
envision an International Dark Sky Park when we first did the project 
[protecting the Headlands], but the fact that the land was there and protected 
made that Dark Sky Park possible and so that to us sort of proves that we're on 
the right track in land conservation [!].” 

A particular focus is added to this holistic core interest in two of the cases: The 
Headlands and the Westhavelland are both important staging areas for migrating 
birds. In line with this, some of the environmentalists place particular emphasis on 
their protection from the disorienting effect of artificial light at night. 

The environmentalists’ pronounced interests are anthropocentric in that they 
gravitate around conserving the night sky for the benefit of humans. Again, dark sky 
protection is clearly viewed as an integral part of a larger concept – in this case of 
upholding and strengthening the protected area’s recreational qualities. The closely 
related nuances expressed by the various actors include that dark sky designation 
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supports the conservation of a place of calm and respite from current societal strains 
and the fast pace of life, of a place with a special atmosphere or a sense of 
remoteness and wilderness, and of a place in which it is still possible to experience 
both real darkness and a star-studded night sky. In some cases, this recreational 
focus also includes the preservation of opportunities for environmental education and 
awareness-raising, especially through experiencing nature at night. 

These largely recreation-oriented interests go hand in hand with other pronounced 
interests that focus on the designation’s potential contribution to the region’s – 
particularly economic – development. Dark sky designation is seen as a chance to 
gain a unique selling point as compared to other eco-tourism destinations and for the 
park becoming more widely known through the publicity associated with the 
designation. Both are hoped to work as development impulses by resulting in higher 
visitation of the park and the region at large. These interests play a substantial role in 
the Headlands and the Westhavelland. In the latter case, increased external 
recognition and visitation are also understood by some as a means of strengthening 
the park’s standing and/or the acceptance of environmental measures within the 
region itself, namely that conservation does not only mean restrictions but that it can 
also offer opportunities that are otherwise not to be had. 

3.4.3 The Heritage Preservationists 

Heritage preservationists, that is: actors largely oriented toward heritage preser-
vation, are exclusively represented in the two North American case studies. A 
substantial portion of the actors among the heritage preservationists are locally 
rooted organisations explicitly geared toward historical awareness and preservation. 
Other actors included in this group have a wider overall profile, but nonetheless a 
pronounced heritage preservation focus, such as local homeowners’ organisations or 
regional bands of Native Americans. Some of the individuals among the heritage 
preservationists are also active in local and larger-scale groups dealing with 
preservation issues to a greater or lesser extent. 

A spectrum of foci can be identified among the heritage preservationists, ranging 
from historical to scenic to natural and cultural heritage preservation issues. These 
foci are not clearly bounded – on the contrary: they are closely intertwined. While the 
different actors do accentuate various subject matters, the intrinsic relations between 
these are often underlined by the actors themselves and result in substantial 
overlaps of interest. 

The heritage preservationists are all strongly in favour of dark sky designation. What 
makes the designation especially appealing to this group is that dark sky protection is 
seen as a relevant, or even valuable, contribution toward their respective preser-
vation efforts. Against the background of this fairly broad core interest, several 
thrusts of pronounced interests can be identified. 
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For many of the heritage preservationists, the visibility of a star-filled night sky is an 
integral part of what makes their region a special and beautiful place. Several actors 
place particular emphasis on the area’s natural beauty in terms of its wilderness, an 
unpolluted night sky being an essential characteristic. Others focus more strongly on 
the effect that dark sky protection may have on the development of townscapes 
themselves, as the director of a homeowners’ association explains (interview 1): 

“So this issue, to me, it's always gone beyond just looking at stars. It's nice to 
do and cottagers, people having holiday, like to look at stars. But it's more 
fundamental than that. It's about resisting ugly urbanization. And if you can get 
a handle on the lighting, a lot else comes through.” 

A related angle among the heritage preservationists is the relevance of protecting 
dark nights as part of protecting an intact historical setting, thus preserving a place or 
area where it is not only possible to view historical buildings or an intact natural 
environment during the day, but also to see and experience what it must have been 
like at night-time before the advent of large-scale artificial lighting. Overall, protecting 
an area from light pollution thus becomes one element toward securing and 
developing a region’s scenic and aesthetic qualities at large, both for its inhabitants 
as well as for visitors. 

Finally, in a view that is particularly developed among heritage preservationists in the 
Headlands, dark sky protection fulfils an important role in the preservation and 
development of cultural assets. In the broadest understanding, the experience of the 
night sky is, in itself, part of the region’s as well as humanity’s cultural heritage. More 
specifically, having an undiluted view of the starry sky, but also having the possibility 
to experience real darkness, is considered a prerequisite for certain forms of cultural 
education and thus personal as well as societal development. On the one hand, the 
visibility of the stars and planets is seen to be essential for the preservation and 
‘keeping alive’ of cultural knowledge rooted in the night sky and its constellations – 
ranging from ancient mythology to Native American star stories. On the other hand, 
the night sky is considered an irreplaceable source for cultivating human imagination 
and inspiration. 

3.4.4 The Politicians 

Politicians, that is: elected decision makers at local and regional level, are relevant to 
all three case studies. Among the politicians, members of local municipal govern-
ments and parliaments – in particular mayors, township directors and municipal 
councils – form the largest group. Furthermore, representatives at two different 
regional levels, namely county commissioners and a state parliamentary repre-
sentative, are included for the Headlands. 

Given that binding regulations – which often require political decisions – are essential 
for an area to qualify for dark sky designation, politicians play a pivotal role in the 
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process running up to the application. As all three case studies are either designated 
dark sky areas, it is not surprising that most of the politicians are in favor of dark sky 
designation. This actor group’s central commonality when it comes to speaking out 
for or against dark sky protection is the relevance attributed to public opinion – and 
the interest of acting in its favour. 

The politicians’ core interests in gaining dark sky designation revolve around two 
interrelated prospects: On the one hand, it is seen as a means of increasing publicity 
for their town or region. On the other hand, there is the hope that it will strengthen 
their town or region’s development, particularly in economic terms. The anticipated 
publicity associated with a designation that is still fairly rare and bears the hallmark of 
being ‘national’ or even ‘international’ is seen as an opportunity for making the region 
more widely known: For many, the designation holds the promise of becoming a 
unique selling point. The resulting increased public awareness is, in turn, seen as a 
way of boosting tourism to the region, which holds the prospect of acting as a 
stimulus for broader economic development. Beyond the interest in simply attracting 
more visitors, which is shared across the board, the politicians are often also 
interested in receiving the designation as a stepping stone toward developing a 
special niche in the market and attracting visitors during times of the year that have, 
so far, been off-season. 

An interest that is shared by a large portion of the politicians is that of protecting 
something the region still has, but that is becoming increasingly rare. This 
pronounced interest has several nuances. These particularly include a holistic 
approach to protecting the region’s natural environment (i.e. also keeping an intact 
night-time environment) and recognising the dark sky as a resource that is of value in 
itself, and that is likely to become more sought-after with increased rarity. 

The following quote from an elected director of a township consisting of several 
villages well exemplifies the range of prominent interests (interview 6, author’s 
translation): 

“First of all, it’s important to be doing something for the environment, for our 
children and grandchildren – conserving a piece of nature. To me, that is the 
heading for it all. The second aspect is, of course, what we’re telling the 
people here: ‘You still have this unique feature – preserve it, and you will 
profit in addition, because it is also an attraction.’ [!] And then there is also 
the economic effect, which is important for the towns, especially as we are in 
a structurally weak area, that it is possible to combine two things: We have 
done something for the environment – and we’re profiting from it. Possibly. 
But at least the prospect is there [!]” 

Whether the political actors decide to speak out for or against dark sky designation is 
intrinsically connected to their evaluation of the potential costs versus the potential 
benefits. While initial reservations are not uncommon, most end up supporting the 
endeavour upon closer inspection, because it promises potential benefits such as 
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increased recognition and tourism, but seems neither to imply large-scale public 
investments nor far-reaching restrictions and – very importantly – does not meet 
(substantial) opposition from their electorate. 

In the cases in which (initial) doubt or – rarely – even opposition to the idea is 
reported, it has to do with exactly these three potential cost factors. Given the tight 
public budgets, the politicians are generally averse to committing to additional 
expenditure – insecurity as to whether the designation may entail financial 
investments and/or as to whether these would really pay off is one reason for 
occasional scepticism. Furthermore, there is a fairly widespread reluctance among 
the politicians to add any further rules or restrictions whatsoever to a framework that 
is frequently already perceived as over-regulated. Thus, qualms arise with those who 
deem that the regulations necessary for reaching dark sky designation may go too far 
beyond simply putting in writing what is already being practiced anyway, be it by 
placing too tight a harness on future decisions (e.g. concerning whether or what 
types of streetlights can be installed) and/or by impacting popular (and potentially 
also economically lucrative) activities such as hunting or snowmobiling – both topics 
that are reported to have been brought up at public events. The structural difference 
between Torrance Barrens and the Headlands as unpopulated areas on the one 
hand, and the Westhavelland as an area including municipalities on the other hand, 
is reflected in the politicians’ doubts about the designation: while concerns about 
restrictions of leisure activities are a topic in the former, it is particularly questions of 
costs and restrictions concerning public lighting as well as fears of restrictions to 
private lighting that play a role in the latter. 

Ultimately, initial or maintained reservations and occasional opposition among 
politicians or their electorate has not been substantial enough in any of the three 
case studies to endanger the political support necessary for dark sky designation: All 
politicians in leading positions (mayors, township directors, county commissioners) 
spoke out in favour of the designation and decisions by local councils were generally 
taken unanimously or with few abstentions or votes against. 

3.4.5 The Business People 

The business people, that is: entrepreneurs and corporate actors, are relevant to the 
Headlands as well as the Westhavelland. This group is largely composed of 
organisations representing actors with a business interest, such as local or regional 
chambers of commerce or tourism associations with a largely commercial 
membership and orientation. It also comprises individual service providers (guest 
house, tour guide) that have been active in relation to dark sky designation. It is 
relevant to note that many of the businesses that voiced their opinion on the 
designation are directly or indirectly dependent on the region’s intact natural 
environment, and that some actors in this group clearly state that supporting 
environmental education and protection is part of their pursuit. 
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All of the businesspeople express clear support of gaining dark sky designation. 
Similar to the politicians, the business people’s core interests are oriented toward the 
region becoming more widely known and, in connection with this, benefitting from the 
designation economically, especially through increased tourism. As the President of 
a regional chamber of commerce puts it (Smith, 2011): 

“The prestige and credibility that comes with the Dark Sky Designation would 
enhance the attractiveness of the Headlands property. This could potentially 
bring more guests to our region. Eco-tourism is one of the foundations of our 
local economy and we see the Dark Sky Designation as another valuable tool 
for eco-tourism promotion.” 

Gaining dark sky designation is generally considered an additional means of 
strengthening efforts of the business community that are already on-going. On the 
one hand, the businesspeople welcome the possibility to market their region as a 
dark sky destination, as it provides an opportunity to sharpen their region’s profile in 
public perception and set it apart from others. On the other hand, the designation is 
also perceived as an incentive and opportunity to further develop and fill a market 
niche, especially by offering services geared toward visitors that come to observe the 
night sky or the natural environment at night. Examples are additional recreational 
and educational tours, or the option of late breakfasts and rooms with shutters on the 
windows that allow for sleeping in after a long night out. 

Beyond these clear core interests, there are few pronounced interests among the 
businesspeople. One identifiable thrust is that dark sky designation is welcomed as a 
further supporting element toward conservation of the region’s intact environment, 
which is valued not only as a feature that distinguishes the area from others, but also 
in itself. 

3.5 Overarching observations 

The analysis outlined here demonstrates that there is not only a broad array of actors 
involved in the work leading up to dark sky designation, but that these actors come 
with a remarkably broad set of interests – and a remarkably broad range of 
agreement. 

Given the wide range of actors involved, it may seem surprising that no substantive 
opposition or clashes of interest came about in any of the three cases. And yet, 
reaching beyond the case-studies underpinning this research and the interviews 
conducted in their framework, also written material – from secondary literature to 
policy documents to media reports – provides additional evidence that work towards 
dark sky designation is currently largely unconflictual. What carries the initiatives is 
that all identified actors see pre-existing interests of theirs matched by potential 
benefits resulting from the designation. Though their interests are diverse, they do 
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not infringe upon each other: they align, overlap or complement each other, thereby 
creating win-win-situations. 

The vast majority of dark sky designations feature a dual nature that is elementary for 
garnering such widespread support: They are not only a regulatory framework for 
mitigating light pollution, but also a form of promotionally effective certification or 
labelling. This dual nature is reflected in the actor groups’ main interests (see table 
3.4). These generally feature a combination of interests linked directly to the 
mitigation of light pollution itself and of interests in effects the certification may have. 
Nonetheless, somewhat diverging centres of gravity can be discerned: While the 
thematically related actor groups tend to place more emphasis on the designation as 
a tool for the preservation of darkness, the structurally related actor groups lean more 
toward its contribution to increased publicity and visitation. 

It furthermore becomes clear that one and the same aspect addresses different 
interests of different actors. This becomes particularly apparent when contrasting the 
thematic actor groups’ (core) interests, which revolve around the principal aim of dark 
sky designations: keeping the area free of light pollution. For the astronomers, this 
means securing a place to observe the night sky; for the environmentalists, it means 
protecting the night-time environment; for the heritage preservationists, it means 
conserving scenic qualities and cultural assets. 

Similarly, the politicians’ and business people’s manifest interest in promotional 
effects is shared by other actors for a number of different reasons. Gaining public 
attention is, for example, a core interest for politicians and businesspeople, especially 
because it promises to attract visitors and have positive effects on the local economy. 
Many environmentalists share this interest in publicity, especially park administra-
tions hoping to increase their visitation. To the astronomers it is of interest because it 
is a way to raise awareness for light pollution as a problematic phenomenon. 

Interestingly, the typical ecotourism challenge posed by the contradictory aims of 
environmental protection and increased visitation did not play a major role in any of 
the three cases. Where such concerns were considered, they were resolved in the 
process – generally by plans for visitor guidance. 
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Conserving a window to the night sky "! ! "" ! ! !

Raising awareness for light pollution as a problem "" ! ! ! ! !

Reducing light pollution locally "" ! ! ! ! !

Protecting the night-time environment ! "! ! "" ! "" !

Increasing awareness for the park or region ! "" ! ! "! "!

Supporting regional economic development ! "" ! ! "! "!

Developing recreational qualities ! "" ! ! ! !

Preserving scenic/aesthetic qualities ! ! "" ! ! !

Protecting a historical setting ! ! "" ! ! !

Table 3.4: Overview: Actor groups and their main interests; source: own illustration 

3.6 Conclusions 

The designation of dark sky areas is, by design and default, dependent on the 
support of a multitude of stakeholders at local and regional levels. The analysis 
presented here demonstrates that it’s implementation has, so far, been a largely 
harmonious matter and that it is an instrument that has gained widespread support in 
the contexts in which it was applied: Different actors identify a variety of benefits 
associated with the effects of mitigating light pollution on the one hand, and acquiring 
a novel type of certification on the other. 

As a young policy instrument, dark sky designation is not cast in stone – on the 
contrary: it is very much in motion and has undergone a considerable process of 
evolution. The instrument is spreading geographically from North America to Europe 
– and thus from a continent that features large unpopulated tracts of land to one in 
which human settlements intersperse even areas remote from urban centres. Hand 
in hand with this development, weight is shifting between conceptual approaches. 
Dark Sky Parks are geared toward keeping light pollution at bay in dark, unpopulated 
and protected areas that are publicly owned. The concept of Dark Sky Reserves, 
and, similarly, Dark-Sky Preserves, strives to address situations that are more 
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complex and challenging, marked by an inclusion of lit areas and more fragmented 
governance structures. 

As the instrument moves to more populated areas, its implementation becomes a 
more decidedly political matter: It is no longer a question of one or two governing 
bodies taking decisions about uninhabited territory, but of municipalities integrating 
and mainstreaming light pollution policies into their regulatory systems and planning 
practices. Moreover, as the dark sky designations are applied to areas with more, 
and more diverse forms, of lighting, they will be moving closer to more urban 
perceptions of light and darkness (see Besecke & Hänsch 2015). This is likely to 
imply larger frictions and command a need for more intense negotiation on the values 
of artificial illumination and dark nights. 

At the same time, the continued development of areas that have been designated 
should be further researched: How effective is the instrument as a means of light 
pollution abatement? Is the broad support of actors in gaining designation reflected in 
the way that lighting guidelines are interpreted, applied and developed once 
designation has been gained? Do conflicts arise – and do the competing aims of 
protecting the environment and increasing visitation remain unconflictual? 

After all, dark sky designation is applied to areas in which the vast majority of 
stakeholders agrees that dark skies are worthy of protection. As reaching dark sky 
designation is a largely bottom-up effort, the rapid growth in the number of 
designated areas points to a revaluation of naturally dark nights and, particularly, the 
visibility of the night sky: As dark skies are becoming increasingly rare, many actors 
are discovering them as a resource – one of multiple applicability, and one that 
serves purposes reaching beyond astronomy to include aspects such as 
environmental protection, cultural and regional development. 
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4 Contentious Light:  
An Analytical Framework for Lighting Conflicts 

4.1 Introduction 

Since the earliest efforts to systematically illuminate the public realm, debates about 
the ‘whether’ and ‘how’ of artificial lighting have gone hand-in-hand with outdoor 
illumination (Fressoz, 2007; Hasenöhrl, 2015; Koslofsky, 2002; Schivelbusch, 2004). 
Historical studies show that debates related to lighting intensified especially in times 
of transition, when new technologies were introduced and lighting practices changed 
(Fressoz, 2007; Hasenöhrl, 2015). Today, we are witnessing a double-shift of 
fundamental change that affects not only the way lighting is produced and employed, 
but also the way it is perceived: For one, with the ‘LED-revolution’ new technology is 
rapidly spreading that comes with profoundly different characteristics and opens up 
new possibilities of application (Schulte-Römer, 2015, p. 81ff), bringing more and/or 
different light to a broad range of uses – from ‘white’ light on streets to animated 
building facades, from colorful illuminations in front yards to flashing storefront signs. 
For another, in the brightly lit countries of the global North, artificial light at night is 
increasingly being framed as a pollutant, the employment of which comes at a 
significant cost, ranging from the loss of darkness and the view of the night sky to 
effects on individual species, ecosystems and possibly human health (Pottharst & 
Wukovitsch, 2015; Stone, 2017). As a result, we are currently likely witnessing an 
increase in lighting conflicts. 

The aim of this paper is to provide an analytical framework that facilitates the 
systematic description and comparative analysis of the diverse array of contemporary 
conflicts regarding outdoor lighting. It thereby complements existing in-depth studies 
of individual cases of contemporary lighting conflicts from the fields of political 
science, urban planning and sociology (Krause, 2015; Rehmann, 2013; Schulte-
Römer, 2014), with an instrument that allows for interdisciplinary inquiry across 
multiple cases. It foregrounds and makes transparent the oftentimes contradictory 
demands towards outdoor artificial lighting that come to a head in lighting conflicts 
(Schulte-Römer, Dannemann, & Meier, 2018). As such, it can also help harness the 
rich potential lighting conflicts hold as a resource for informing the development of 
sustainable planning and policy approaches for outdoor lighting. 

A framework designed specifically for the analysis of lighting conflicts is called for not 
only because lighting conflicts are in themselves highly differentiated and existing 
categorizations such as functional or technical types of lighting do not suffice to grasp 
the differences between them, but also because they are distinctly different from 
related – and far more intensely studied – types of conflict. Land-use/locational and 
emissions conflicts importantly share with lighting conflicts that they concern man-
made physical interventions into the living environment, on which they can have 
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near- and far-range effects. A key difference, however, is that artificial lighting is 
rarely exclusively a side-product of another function or activity 20 : It is almost 
invariably employed for a purpose in and of itself – be it to light a façade, to convey 
an advertisement message at night, or to create visibility in traffic. This means that 
for lighting conflicts, the emissions of a lighting installation cannot categorically be 
assumed to be ‘unintended’ or ‘unwanted’ as they might be with other types of 
emissions from industrial production facilities or nightlife in city streets (cf. e.g. von 
der Dunk, Grêt-Regamey, Dalang, & Hersperger, 2011; Roberts & Turner, 2005). 

What constitutes a lighting conflict has, so far, not been defined. To allow for 
selecting the conflict cases on which the analytical framework is modeled, a working-
definition was therefore developed that allows for distinguishing lighting conflicts from 
other forms of lighting-related contention.  

As any other type of conflict, lighting conflicts are a messy subject of inquiry: They 
are social processes that are embedded in societal, spatial and temporal contexts, 
making them complex and highly contingent (Rucht, Koopmans, & Neidhardt, 1998, 
p. 9; Trudelle, 2003, p. 226). A key objective is therefore to reduce the complexity of 
lighting conflicts by selecting a limited range of aspects to be studied (Miles, 
Huberman, & Saldana, 2013, p. 20). The proposed framework accomplishes this by 
focusing its field of vision on those aspects of the conflicts that are directly related to 
the lighting and its contestation, namely: the relevant lighting installation, the lighting-
related conflict trigger, the conflict parties and their perspectives on the lighting. By 
setting these system boundaries and consciously disregarding the unique spatial and 
social context of each case, the framework extracts the key lighting-related 
parameters of the conflicts from the complex situations into which they are woven, 
thereby facilitating cross-case analyses. For each of the targeted conflict dimensions, 
the framework proposes a set of variables that allow for describing individual conflict 
cases in a standardized way – and thus for comparing larger numbers of conflicts 
such as to discover overarching patterns and develop typologies. 

This article is structured as follows: In section 4.2, lighting conflicts are defined and 
differentiated from other types of lighting-related contention. Section 4.3 outlines the 
research design used for developing the analytical framework. In section 4.4, the 
framework’s structure and its individual components are explained. In section 4.5, the 
framework is discussed, and conclusions are drawn in section 4.6. 

  

                                                   
20  Sound shares a great number of properties with light, making the two phenomena comparable in 

numerous respects (Radicchi, Meier, & Henckel, 2016). However, even here the bulk of man-
made effects on our sonic environment are arguably side-products of other activities such as 
transportation. 
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4.2 Definition of Lighting Conflicts 

Lighting conflicts are manifest disagreement between two or more actors regarding 
existing or planned outdoor artificial lighting in a given place and time.21  This 
working-definition was developed based on a review of sociological conflict theories 
as well as on an empirical review of conflicts involving light. 

The definition of conflict as “manifest disagreement” follows Luhmann’s (1984, p. 
530ff) notion that the mere existence of dissent (e.g. incompatible points of view or 
preferences) does not suffice to constitute conflict: Disagreement must be explicitly 
communicated. “Conflict, in other words, depends on someone saying ‘no’” (Malsch 
& Weiss, 2002, p. 9). This allows for a clear distinction between tension and conflict, 
both of which describe situations of opposition between actors: While tension offers 
potential for conflict to erupt, only those cases are considered conflicts in which at 
least one party is not only conscious of the underlying disagreement, but also takes 
some form of action in relation to it (Meyer, 2011, p. 29; Torre et al., 2014, p. 5). 
Following Glasl (2004, p. 17), a given situation can constitute a conflict even if not all 
parties involved perceive it as such: It is enough if one actor is conscious of existing 
dissent and acts upon it, even if the other actor may not (yet) be aware of the dissent. 

This manifest disagreement, i.e. the contention itself, can take on many forms of 
expression and levels of escalation, and take place in different types of arenas, 
ranging from individual personal encounters to formal legal procedures, and from 
political and media engagement to violent and non-violent physical action. Actors, i.e. 
the conflict parties, can be individuals, groups or organizations of various types 
(public, private) and sizes. Artificial lighting, i.e. the object of contention, includes any 
type of emitted light emitted from a man-made light source. 

By determining concrete elements of lighting as the object of contention, the 
definition of lighting conflicts excludes a number of other forms of lighting-related 
contention, such as: conflicts that exclusively revolve around who should pay for a 
lighting (e.g. for holiday lighting in shopping streets); so-called ‘light wars’, which are 
generally not conflicts but situations of rivalry in which lighting is used competitively 
as a means of attracting attention (typically by neighboring businesses); conflicts in 
which artificial light is used as a weapon (as was e.g. the case in colonial warfare, 
where arc lights were used to blind and confound rebels (Schivelbusch, 2004, p. 61)). 

Finally, lighting conflicts do not always revolve exclusively around light. As lighting 
installations are part of the built environment, the installations themselves as well as 
the light they emit can be part of a larger bundle of issues. An example is a conflict 
that erupted around a large-scale advertisement poster that was attached to a 
scaffolding in front of apartment windows – the fact that the poster was illuminated at 

                                                   
21  Outdoor lighting is understood as lighting that is either positioned outdoors (from where it may 

affect indoor spaces), or that affects outdoor spaces (even if it originates indoors). 
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night was one point of contention, next to the issue that the poster blocked the 
residents’ view and limited the amount of daylight in their homes (Kögel, 2013). 
Conflicts that revolve exclusively around lighting and those that do so only in part can 
be differentiated as ‘full’ or ‘partial’ lighting conflicts. In the latter case, as in general, 
this paper regards only the lighting-related aspects of conflicts. 

4.3 Research Design 

The analytical framework was developed using an explorative research design built 
on qualitative methods of empirical social research. The research design combined 
inductive and deductive elements, drawing upon documented cases of lighting 
conflicts in Europe and North America on the one hand, and existing concepts from 
the fields of conflict studies and lighting studies on the other. 

4.3.1 Data sampling: Finding and selecting conflict cases 

Media reports of lighting conflicts were chosen as the empirical basis for the 
development of the framework. Conflict cases were selected following a strategic, 
information-oriented approach (Flyvberg, 2011, p. 307) that was guided by two 
criteria: Firstly, the data sample should maximize the variety of cases, i.e. capture a 
sufficiently broad range of lighting conflicts to approximate the spectrum of 
contemporary lighting conflicts in the brightly lit countries of the global North, in order 
to allow for grounding the framework in their plurality. Secondly, the conflicts should 
be documented in sufficient detail and completeness to allow for understanding who 
the main conflict parties are and their respective positions regarding the lighting 
situation in question. 

Data was gathered in a step-by-step process that combined several different search 
strategies and tapped a variety of information channels in two different languages. 

An initial set of articles was gathered via systematic keyword-searches in the online-
archives of three regional German newspapers 22  covering the time span from 
01/2000-02/2018. This resulted in 83 articles corresponding to 20 different cases of 
lighting conflicts as defined in section 4.2. For each case, further reports were 
queried via targeted keyword searches in the online archives of the same paper and, 
                                                   
22  The archives were those of two major newspapers from Berlin, the country’s largest city and 

capital (Berliner Zeitung, Tagesspiegel), and the major newspaper of Leipzig (Leipziger 
Volkszeitung), which features extensive coverage of the city’s peri-urban and rural surroundings. 
These cities and papers were chosen because conflict cases were known to exist in both 
regions, and the papers’ archives are freely accessible. For the search, three groups of 
keywords were formed, which were systematically combined with each other. Group 1: 
Beleuchtung, Licht, künstlich (German: lighting, light, artificial); group 2: Laterne, (Leucht-
)Werbung, Weihnachtsbeleuchtung, Stadion, Arena, Leuchtschrift, Hafen, Kraftwerk, Flughafen 
(lamp, (illuminated) advertisement, Christmas lighting, stadium, arena, illuminated lettering, 
harbor, power plant, airport); group 3: Störung, Ärger, Konflikt, Streit, Protest (disturbance, 
trouble, conflict, dispute, protest). 
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by way of online search engines, in other media outlets. Where available, published 
opinion pieces by conflict parties were included in addition to journalistic accounts. 
Cases for which data remained insufficient (typically because they were only featured 
in one very brief article) were subsequently excluded, resulting in 13 cases 
documented in 71 articles. 

This basic sample was successively complemented by way of selected additional 
conflict cases from other regions in and outside of Germany in order to fill evident 
gaps and generally expand the sample’s scope in terms of types of lighting 
conflicts23, thereby increasing its overall coverage and variation. The additional cases 
were found via links to media reports posted in social media (twitter)24 or featured in 
Google alerts25 between 2013-2018, as well as via online search engines in targeted 
searches for conflicts regarding specific functional types of lighting26. Additional 
media reports were again queried for each identified case that matched the definition 
and was included in the corpus. 

The final sample consists of 203 media articles, which relate to a total of 28 conflict 
cases (see table 4.1). While 11 cases are only represented with one article, 8 are 
represented with 10 or more articles, with a maximum of 46 articles for one case, and 
an average of 7 per case. 18 of the cases are located in Germany, 6 in the United 
States, 2 in Switzerland and one each in Italy and Poland. 

4.3.2 Data analysis: Studying the conflict cases and developing the framework 

In analyzing data, the information in the media reports was taken at face value: 
actors’ statements were interpreted to be correct and representative of their 
convictions, and the described conflicts were categorically considered to be “realistic” 
(Coser, 1956, p. 49), i.e. truly about reaching a result regarding the lighting in 
question27. 

Data was interpreted using qualitative content analysis (QCA). An established 
method in the social sciences, QCA was chosen because it allows for dealing with 
large amounts of qualitative data and is particularly helpful for finding ways of 
describing and structuring phenomena when existing theory and knowledge are 
limited (Hsieh & Shannon, 2005). In QCA, the content of text data is interpreted 
through a step-by-step process of systematic classification that reduces complexity in 
order to identify overarching themes or patterns. From these, a system of categories 

                                                   
23  The functional types of lighting in question and the conflict issues were primarily decisive. 
24  In German and English; generally posted by users active in the fields of lighting and light 

pollution mitigation. 
25  The keyword for alerts was “Lichtverschmutzung” (German: light pollution). 
26  This strategy was applied equally in English and German. 
27  By contrast: In “nonrealistic conflicts”, the conflict is an end in itself and serves primarily to 

release tension (Coser, 1956, p. 49). 
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is developed, that is then applied to the entire body of data (Hsieh & Shannon, 2005; 
Schreier, 2012). A key strength of QCA is that it is capable of combining concept- 
and data-driven approaches (Schreier, 2012), thereby allowing for the integration of 
different types of knowledge.  

 

Table 4.1: Overview of conflict cases selected for developing the analytical framework 

Following a familiarization with the data by reading through the full corpus of media 
reports, relevant content was identified, namely sections of the articles containing 
information on the lighting-related aspects and basic parameters of the conflict. 
These segments were coded, thereby separating individual items of information. 
These items provided the empirical basis for the development of categories, which 
were brought into a hierarchical order. The categories as well as their structure were 
developed in an iterative process during which the evolving system of categories was 
increasingly consolidated and refined by way of a constant movement between 
concept and data (comp. Orlikowski, 1993, p. 311). It is rooted in the analysis of the 

OVERVIEW OF SELECTED CONFLICT CASES 

Nr. Country Place Year (begin) Functional type of lighting concerned 

1 Germany Aachen 2015 Infrastructural lighting: Street lighting 

2 Germany Bad Lausick 2010 Infrastructural lighting: Street lighting 

3 Germany Baunatal 2018 Safety & security lighting: Workplace safety lighting 

4 Germany Berlin 2013 Advertisement lighting: illuminated building wrap 

5 Germany Berlin 2005 Advertisement lighting: Illuminated sign 

6 Germany Berlin 2008 Architectural lighting: Media façade 
Advertisement lighting: Illuminated billboard 

7 Germany Berlin 2006 Architectural lighting: Accent lighting 

8 Germany Berlin 2016 Architectural lighting: Accent lighting 

9 Germany Berlin 2016 Infrastructural lighting: Pathway lighting 

10 Germany Berlin 2006 Infrastructural lighting: Street lighting 

11 Germany Berlin 2009 Infrastructural lighting: Street lighting 

12 Germany Freiburg i.Br. 2014 Architectural lighting: Accent lighting 

13 Germany Frotheim 2018 Infrastructural lighting: Street lighting 

14 Germany Gilching 2012 Festive & artistic lighting: Seasonal lighting 

15 Germany Grafenberg 2018 Infrastructural lighting: Pathway lighting 

16 Germany Leipzig 2013 Advertisement lighting: Illuminated sign 

17 Germany Travemünde 2013 Infrastructural lighting: Pathway lighting 

18 Germany Wiesbaden 2001 Safety & security lighting: Security lighting 

19 Italy Rome 2017 Infrastructural lighting: Street lighting 

20 Poland Bogatynia 2015 Productivity lighting: Greenhouse lighting 

21 Switzerland Jona 2018 Recreational lighting: Sports field lighting 

22 Switzerland Zürich 2006 Festive & artistic lighting: Seasonal lighting 

23 USA Davis, CA 2014 Infrastructural lighting: Street lighting 

24 USA East Mountains, NM 2015 Infrastructural lighting: Area lighting 

25 USA Ft. Myers, FL 2015 Advertisement lighting: Storefront lighting 

26 USA Great Neck, NY 2016 Infrastructural lighting: Street lighting 

27 USA Miami, FL 2015 Advertisement lighting: Illuminated billboards 

28 USA Washington, DC 2013 Advertisement lighting: Illuminated billboards 
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media data on the one hand: categories were defined and revised as needed while 
working through the diverse set of cases. On the other hand, the definition and 
sorting of categories was informed by existing knowledge from the fields of conflict 
analysis, conflict studies and lighting studies. The resulting system of categories and 
subcategories provided the frame and, respectively, the content dimensions (see 
tables 4.2 and 4.3) of the proposed analytical framework. 

Based on the framework and on forms of representation regularly used in applied 
conflict analysis (e.g. S. Fisher et al., 2000; Mason & Rychard, 2005), a template was 
developed that aids the analysis of individual conflict cases and allows for visualizing 
them. The framework as well as the template were tested on sampled conflict cases 
to validate their applicability. 

4.4 Introducing the Analytical Framework 

The analytical framework makes different types of lighting conflicts readable and 
comparable in a standardized form. To this end, it simplifies them by taking into view 
a limited range of aspects, by separating aspects that are, in reality, closely 
intertwined, and by extracting key items of information, for which it provides a 
standardized vocabulary. It focuses on grasping what is at the root of lighting 
conflicts, namely the differing perspectives of actors on one and the same lighting 
situation. 

This section firstly introduces the overall approach of the framework. Then, using an 
example conflict case to illustrate its application and functioning (image 4.1), it walks 
through the framework itself, explaining its individual components, their relations to 
each other, and the findings that underpin them. 

4.4.1 Overall approach and layout of the framework 

In the simplified view of the framework, every lighting conflict consists of at least one 
actor who is a defendant and one who is a complainant relative to existing or planned 
lighting. The conflict is triggered by an event of change that is caused by the 
defendant, or by the absence of such an event that is, however, desired by the 
complainant. It is rooted in the actors’ differing interests regarding the effects of the 
lighting, which translate into what is at the surface of the conflict, namely their 
clashing positions regarding the concrete characteristics of the lighting. 

The framework is built to analyze these aspects in three steps, each of which targets 
a different dimension of the conflict in question. In the first step, the basic situation of 
the conflict is identified in terms of the type of lighting installation in question, and of 
what led to the conflict. In the second step, the main conflict parties are identified and 
separated into two groups according to their basic positions regarding the disputed 
lighting situation. This differentiation provides the backbone for the third step, in 
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which the actors’ perspectives on the lighting situation are systematically contrasted 
to identify the key points of contention in terms of the light’s characteristics, and to 
examine how the actors’ underlying interests relate to each other. 

In each of these steps, information is first extracted from the case material. It is then 
interpreted with the help of sets of descriptive variables. These are provided for each 
targeted aspect (tables 4.2 and 4.3) and allow for classifying the information within 
these aspects into the abstracted categories of functional and technical types of 
lighting, types of conflict trigger and types of actors, as well as types of debated 
change, characteristics and effects. Thereby, case-specific information is captured in 
a reduced and standardized way that allows for comparing the findings from 
individual cases amongst each other. The template for the visual analysis of cases 
supports this process of extraction and abstraction: for each analyzed dimension, it 
provides a section for case-specific information and for its translation into the 
variables, which can then be transferred to a database for multiple-case analyses. 

It is key to the framework that these variables are principally kept purely ‘neutral’ and 
separated from any valuation. It is through the allocation of the variables to the 
relevant side of the conflict – and thus to the ‘positive’ or ‘negative’ perspective on 
the lighting situation – that their valuations are captured. This is visualized in the 
template by way of separate columns, in which the perspectives of each side are 
represented. In doing so, the framework maintains an impartial stance vis-à-vis the 
conflict parties and their perspectives. This impartiality is paramount for dealing with 
the highly ambivalent perceptions of lighting and its effects28, which take center-stage 
in lighting conflicts.  

Finally, conflicts are social processes that evolve over time. Neither the set of actors 
that engage in them nor their positions and points of view are set in stone. The 
framework does not aim to capture this evolution. Rather, actors’ arguments are 
regarded in sum and independently of the point in time at which they are made. 

                                                   
28  For example, street light entering homes through windows may be seen as a nuisance by one 

person (e.g. because it disturbs their sleep), but welcomed by another (e.g. because they 
needn’t switch on their lights to find their way at night). The framework thus grasps this as a 
question of ‘spatial distribution’ rather than of ‘light trespass’, which already contains a valuation 
and thus would not allow for describing the positive view. 
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Image 4.1: Visual template for the analysis of lighting conflicts applied to an example 
case; source: own illustration 
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4.4.2 Dimension 1: The conflict situation – identifying basic coordinates 

The first step of applying the analytical framework takes into view the outset of the 
conflict. It identifies basic fixed points that play a defining role in the conflict and 
provide relevant context information for understanding it. Importantly, these aspects 
are undisputed and thus allow for impartially describing the conflict situation, which is 
grasped via three aspects. Two of these relate to the object of conflict, and one to the 
conflict trigger: 

! the functional type of lighting, which describes the main purpose and basic 
form of the lighting; 

! the type of lighting technology used to produce the emitted light; and 

! the type of change to the lighting situation that did (not) occur, bringing the 
conflict to erupt. 

These three aspects were chosen because they constitute relevant points of 
reference in lighting and conflict studies. The first two aspects are categories that are 
regularly used in academic and professional discourses to describe lighting. Together 
with other basic coordinates (place, year) of the conflict, they provide helpful 
parameters for systematizing larger numbers of conflict cases. The third aspect 
builds on the insight from studies on land-use conflicts that these “arise from changes 
or projects of change, perceived by some actors as contrary to their interests or their 
wishes” (Torre et al., 2014, p. 4). It allows for following up on how and to what extent 
this also applies to lighting conflicts. 

For the analysis, information is gathered to answer the question “what happened in 
terms of the lighting situation that led to the conflict?”, and extracted by summarizing 
it in a short statement. In the example case of Märkisches Viertel29, this is: “The 
housing company owning a large-scale housing estate installed new decorative 
lighting on several buildings where there had been none before.” This case-specific 
information is then abstracted by identifying the relevant variables – in this case: 
“architectural lighting” for the functional type, “unknown” for the type of technology, 
and “new lighting installation” for the type of trigger. 

In the analyzed cases, the functional type of the lighting was always identifiable. It 
frequently appeared as an important reference point not only in the description of the 
situation, but also in the conflict parties’ argumentations in terms of whether and what 
kind of lighting is suitable or justified for a given purpose. In the case of Märkisches 
Viertel, for example, the complainants argue that since the lighting only fulfills 

                                                   
29  Märkisches Viertel is a large housing estate of high-rise buildings in Berlin, Germany. 
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decorative or promotional purposes and is not relevant for safety and security, they 
should not have to live with the disturbances they perceive30. 

The type of lighting technology went without mention in the media reports for several 
of the cases, including that of Märkisches Viertel. The fairly frequent non-inclusion of 
information on the type of lighting technology indicates that it is not a standard point 
of reference in lighting conflicts. In some cases, however, the type of technology 
features prominently. This can e.g. be because the debate includes the question of 
whether a specific choice of technology is suitable as such, as in the Berlin gaslight 
controversy (see Schulte-Römer, 2014 for a detailed account), or in which contested 
aspects of the lighting are attributed to a specific type of technology, as is typically 
the case in conflicts over the introduction of LED street lighting as occurred e.g. in 
Aachen, Germany (Herrmann, 2015). 

The type of change could generally be identified fairly directly from the outline 
information or the actors’ arguments provided in the media reports. A key insight here 
was that lighting conflicts do not only occur when change has happened or appears 
imminent, as suggested by Torre et al. for land-use conflicts – but also when change 
does not occur, but is desired by the complainants, such as in Grafenberg or Berlin, 
Germany, where residents demand lighting for unlit park paths (Fink, 2015; Ingel, 
2018). Furthermore, change does not have to be a sudden or singular event: it can 
also occur gradually and cumulatively, until a tipping point is reached at which 
opposition is sparked, such as in Ft. Myers, FL, where the historic preservation 
commission became active against restaurant operators in the city’s River District, 
who increasingly installed LED lights to their fronts (Wright, 2015). 

4.4.3 Dimension 2: The conflict actors – separating perspectives 

The second dimension the analytical framework takes into view are the conflict 
parties, i.e. the actors who engage in a conflict. While the conflict parties themselves 
are not at the focus of the framework, the differing perspectives they hold are. This 
section therefore serves to identify the conflict’s basic layout in terms of ‘who is 
arguing against whom’, so that the perspectives of these actors can then be studied 
and contrasted. 

The first step is to identify the main actors 31 , namely the disputants that are 
particularly formative for the conflict and typically hold the largest stakes. In the case 
                                                   
30  In the words of a member of the local parliament: “The inhabitants and their children should not 

be exposed to this nuisance only for the purpose of achieving a night-time silhouette for 
promotional purposes.” (own translation) (Spitzmüller, 2016). 

31  The framework grasps the actors by way of the position or function through which they engage 
in the conflict. For example, if a person engages in the conflict as a private individual living in a 
community planning a street lighting change, s/he would be classified as a ‘resident’ – whereas if 
s/he engages as a member of the town council or as a representative of a local environmental 
organization, s/he would be classified by this function, irrespective of the fact that s/he is also a 
resident. 
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of Märkisches Viertel, these are the housing company that installed the new lighting, 
several residents of the housing estate who became publicly vocal with complaints 
about it, as well as several members of the local parliament who are themselves also 
residents and feel disturbed by the light and/or whose constituents include irritated 
residents and who thus became engaged in the dispute. 

These actors are then allocated to one of two groups that take on fundamentally 
different roles in the conflict: 

! the defendants who – at least initially – find the lighting situation suitable. 
The main actor in this group is generally in some form of control over the 
contested lighting. 

! the complainants are those who take issue with the lighting situation – 
thereby initiating the conflict – and demand some form of change. 

These two categories essentially define the ‘two sides of the fence’ that emerged as 
a constant in the studied cases. The dividing line between them is their differing basic 
positions regarding the given or planned lighting: whether it is or is not suitable, and 
thus whether or not change is called for. Importantly, this dividing line is independent 
of the concrete lighting situation and of the positions these actors hold in terms of 
what about it is or is not suitable, and thus what should or should not be changed, 
which are studied in the next step of analysis. This approach of adopting the roles in 
a given conflict as a container and thus as a sorting criterion for variable actor-types 
and perspectives provides the necessary flexibility for dealing with the finding that the 
same type of actor can appear on either side of the fence, and that actors of the 
same type can hold very different views on what constitutes a suitable lighting 
situation from one case to the next.32 

Furthermore, summarizing the actors and their perspectives into two groups (and, 
within these, into subgroups such as ‘neighbors’) is a central step of simplification 
that helps deal with a significant portion of the complexity that makes many lighting 
conflicts difficult to read: Often – as also in the example of Märkisches Viertel – far 
more than two actors are involved, each of whom has their own views and concerns. 
By grouping them into defendants and complainants, these individual perspectives 
are melded into one perspective per side, on which the further analysis is then 
based. 

It is therefore key to ensure that the perspectives that are combined in each of the 
two groups are compatible. This, in turn, has implications for the selection of actors 
that can ultimately be included in the analysis. As the main two or three conflict 
parties generally emerge clearly, this especially concerns third parties, i.e. actors 

                                                   
32  For example, in one case, a municipal administration may well defend its practice of not 

illuminating park pathways against demands to do so from residents (Fink, 2015). In another, the 
situation is contrary, as residents protest against their local government’s plans to illuminate their 
so-far unlit street (Schulz, 2018). 
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“that become involved in transforming the conflict” once it is already ongoing (Mason 
& Rychard, 2005, p. 3). A typical example for such third parties in the studied conflict 
cases were experts called in by the main disputants. Whether or not the perspectives 
of such third parties (or of any other actors that become engaged at some point in the 
conflict) are included in the further analysis is ultimately a matter of case-by-case 
judgment that can only be passed following an initial review of the various actors’ 
arguments: Actors whose points of view cannot safely be assumed to be shared by 
the main opponents, and of whom it cannot be safely assumed that they would 
allocate themselves to the one or other side, are excluded from further consideration. 

4.4.4 Dimension 3: The actors’ perspectives – identifying and comparing positions 
and interests 

The third section is at the heart of the analytical framework: It serves to analyze and 
contrast the actors’ differing perspectives on one and the same lighting situation, and 
to thereby carve out the essence of the conflict. 

The analysis of the actors’ perspectives involves several steps. These serve to 
disentangle aspects that are closely intertwined in the actors’ argumentations, 
thereby breaking down their individual views into elements that can then be 
contrasted within and across cases. 

Extraction: Identifying positions and interests 

The analysis is begun by identifying the conflict parties’ perspectives on the lighting 
in question in terms wherein they do (not) see problems and why. To this end, the 
various arguments made by the actors on each side are combined into a statement 
that summarizes the respective lighting-related positions and interests of the 
complainants and the defendants. 

The positions relate to what the actors say they want in terms of the lighting situation 
(Burgess & Burgess, 2017; R. Fisher, Ury, & Patton, 2011). This may be more 
explicit on the side of the complainants than on that of the defendants. The 
complainants generally vocalize very concrete points of criticism and/or demands – 
such as in Märkisches Viertel, where they want the illumination to be either 
substantially dimmed and/or switched off at an earlier hour. In many cases, the 
defendants’ positions are similarly concrete and essentially amount to the direct 
inversion or rejection of those of the complainants, to which they are reacting. In 
others, however, the defendants don’t explicitly express a specific counter-position, 
but nonetheless affirm their positive view on the lighting and/or their positive 
intentions behind it by arguing their reasoning with the benefits they see the light to 
have. This especially occurred in cases in which the lighting had already been put in 
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place, such as in Märkisches Viertel33, and in which it appeared evident that the 
defendants had an interest in ultimately reaching a consensual solution, and/or 
themselves had doubts regarding the suitability of the lighting once it had gone from 
paper into practice. 

The interests relate to why the actors say they want what they want in terms of the 
lighting situation, i.e. the reasons that underpin their positions (Burgess & Burgess, 
2017; R. Fisher et al., 2011). In the examined cases, this information was equally 
present and clearly recognizable in the argumentations of both sides. For example, in 
Märkisches Viertel the complainants argue amongst others that the brightness of the 
illumination needs to be dealt with because it disturbs their sleep, and the defendants 
argue amongst others that the illumination is beneficial because it perfectly highlights 
the buildings’ unique architectural features. 

Abstraction: Interpreting and comparing positions and interests 

On the basis of the thus identified positions and interests, three aspects are 
examined and abstracted into variables that played a key role in all studied conflict 
cases. 

The first aspect is the basic type of change to the lighting that is debated in the 
conflict. This becomes evident from the demands that the complainants bring to the 
table, which are – at least initially – directly (in so many words) or indirectly (by not 
taking action and defending the current or planned situation) turned down by the 
defendants. As the analyzed cases showed, the basic types of lighting-change a 
conflict revolves around can go in one of three directions: 

! demands for more light, as e.g. in Bad Lausick, Germany, where residents 
demand the reversal of part-night switch-offs of street lighting (Schulreich, 
2010); 

! demands for less light, as e.g. in Märkisches Viertel or Jona, Switzerland, 
where residents object to planned new sports field lighting (Imhof, 2017);  

! demands for different light, as typical in conflicts over the introduction of LED 
street lighting, such as in Aachen, Germany, Rome, Italy, or Davis, CA 
(Dunning, 2014; Herrmann, 2015; Povoledo, 2017). 

The second aspect concerns what the studied cases revolved around, namely the 
characteristics of the lighting, i.e. what concretely about the lighting is suitable or 
unsuitable, and should or should not be changed. The characteristics under debate 
include aspects that reach from the basic existence of the lighting installation to 
qualities of the emitted light, such as its color temperature, to questions of its 

                                                   
33  In the words of a representative of the housing company: “This decorative lighting is an impor-

tant part of the design concept of the housing estate. It accentuates the individual characteristics 
of each architectural style and literally brings to light their formal aspects.” (own translation) 
(Spitzmüller, 2016). 
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operation, such as its timing (see table 4.3). The characteristics are closely linked to 
the types of debated change: It is in these characteristics that the complainants see 
the problem – and in their change that they see the key to reaching the desired 
solution. These debated characteristics are again defined by the complainants, who 
bring them into the conflict as points of criticism (e.g. ‘the light is too bright’) or as 
demands (e.g. ‘the light should be less bright’) within their positions, which the 
defendants directly or indirectly reject. The analytical framework simplifies the two 
fractions’ perspectives down to being ‘in favor’ or ‘against’ change to these 
characteristics. In cases in which several characteristics play a role, as in Märkisches 
Viertel with ‘timing’ and ‘brightness’, the framework thus flattens actors’ possible 
prioritizations amongst the addressed aspects. 

It is relevant to note that the expressions actors in lighting conflicts use to describe 
characteristics of lighting may not necessarily correspond to established technical 
terminology. Rather, they are closely connected to their personal perception of the 
situation. As the framework looks through the eyes of the actors, it stays as close as 
possible to the terms they are using. For example, while one complainant may 
describe a light as ‘too bright’, another might say it is ‘too glaring’: Both aspects are 
adopted as variables, irrespective of whether the two actors may or may not be 
referring to what in technical terms would be the same phenomenon. Further 
interpretation is applied when it is clear what actors are referring to, e.g. complaints 
about light being ‘too cold’ or ‘too white’ are grasped as ‘color temperature’. 

The third aspect takes into view what the examined cases showed the conflict 
parties’ differing perspectives – and thus ultimately the conflict – to be rooted in, 
namely: their differing perceptions of the effects of the lighting, i.e. why it is that 
they appreciate or disappreciate the lighting in question. These are reflected in the 
interests the actors express and cover a broad range of topics including economic 
effects, effects on safety and security, on human health and on the living 
environment (table 4.3). 

The framework is built to separate not only the actors’ views on the effects from each 
other, but also the perceived effects from their valuation: first, the effects with which 
the defendants and complainants respectively argue are identified and grasped in 
purely descriptive (unvalued) variables; to these, then, the defendants’ and 
complainants’ valuations are attached in terms of ‘positive’, i.e. wanted, or ‘negative’, 
i.e. unwanted. This double-separation is rooted in the finding that the complainants’ 
and defendants’ views on the effects of the given lighting can differ in two ways: 
firstly, which range of effects they relate to, and secondly, how they judge these 
effects. This reflects the high degree of selectivity and ambivalence typical for 
perceptions of lighting, which also becomes apparent in that the same type of effect 
can be judged positively as well as negatively: An effect that the defendants see as a 
benefit in one case, may be seen as problematic by the complainants in another. 
This can equally occur within one conflict, when complainants and defendants have 
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different views of the same effect – as in Freiburg, Germany, where some perceived 
the new cathedral illumination aesthetically befitting, while others find it unsuitable 
(Röderer, 2014).  

In going through these steps of analysis, it is essential that effects are reflected as 
the actors perceive them, irrespective of whether or not there is scientific evidence to 
support them or their linkage to the debated characteristics, as it is exactly in the 
differing interpretations of reality that the conflict lies (comp. R. Fisher et al., 2011, p. 
24). Furthermore, the process of translating the actors’ interests into (un-)wanted 
effects demands a certain amount of interpretation, which may be greater or smaller 
depending on the information at hand. In some cases, the (un-)wanted effects 
emerge fairly directly, as they are explicitly named (e.g. negative effect on sleep, i.e. 
human health and well-being). In others, more inference is called for: for example in 
Märkisches Viertel, the housing company does not directly state that it wants to 
achieve indirect economic effects with the lighting – however, given that it is a for-
profit company, it can safely be interpreted that the stated interest in increasing the 
attractivity of the housing estate is directed not only at current, but also at potential 
future residents, and at improving the company’s overall image and visibility. Finally, 
as with the characteristics, the framework simplifies the actors’ views on the effects 
by disregarding that they are, in reality, often weighted differently. 

Once the interpretive process is completed, it is possible to contrast the 
complainants’ with the defendants’ views on the effects that the lighting in question 
has – and thus on why it is they find it ‘good’ (suitable) or ‘bad’ (unsuitable) – and to 
see how these relate. In the visual template, it quickly becomes clear in which of two 
possible situations the conflict is rooted: 

! The actors judge the lighting by different points of reference, effectively 
‘looking past each other’. 

! The actors judge the lighting by partially or completely overlapping points of 
reference, on which they, however, have opposing views. 

In combination with each other, the three regarded aspects provide a shorthand for 
assessing what the conflict revolves around at the surface – namely: what type of 
change and which concrete characteristics views are split about –, and what 
underpins the actors’ opposing positions on these aspects at the underlying level – 
namely: which effects of the lighting they do or do not want. 
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Table 4.2: Descriptive variables (bold) for functional types of lighting (developed from the 
analyzed cases and further informed by existing systematizations (Auer, 1997; Meier, 
2018), sorted by families); types of lighting technology (developed from the analyzed 
cases and existing indexes (Zumtobel, 2013)); types of conflict triggers (developed from 
the analyzed cases); and types of actors (developed from the analyzed cases). 

DESCRIPTIVE VARIABLES BY CATEGORY (1/2) 

Functional types of lighting Types of lighting 
technology 

Types of  
conflict triggers 

Types of actors 

Infrastructural lighting: 
• Street lighting (esp. for roads 

including/focused on motorized 
vehicle traffic) 

• Pathway lighting (e.g. in parks, 
esp. for foot/cycle traffic) 

• Area lighting (e.g. of parking 
lots or public squares) 

Safety & security lighting: 
• Workplace safety lighting (e.g. 

on construction sites or at fire 
departments) 

• Security lighting (intended to 
deter criminal activity, e.g. 
floodlights on buildings) 

Productivity & recreational lighting: 
• Greenhouse lighting (grow 

lights shining out from within 
greenhouses) 

• Sports field lighting (e.g. for 
football grounds/stadiums) 

Advertisement lighting: 
• Illuminated billboards (large lit 

advertisements; including 
internally, externally lit and digital 
varieties) 

• Illuminated building wraps 
(typically attached to 
scaffoldings) 

• Illuminated advertisement 
signs (internally or externally lit, 
including neon signs) 

• Storefront lighting (e.g. on 
shops, restaurants; including 
window lighting) 

Architectural lighting: 
• Accent lighting (decorative 

lighting on/of buildings, whether 
exterior or interior) 

• Media façades (large-scale 
lighting installed on/in building 
façades whose content can be 
flexibly adapted) 

Festive & artistic lighting: 
• Seasonal lighting (temporary 

decorative lighting installations, 
e.g. holiday lights in shopping 
streets) 

• Light art (applied art using light 
as a medium in projections or 
sculptures) 

• Gas 
• Incandescent 
• Halogen 

incandescent 
• Fluorescent 
• Metal halide 
• Low pressure 

sodium 
• High pressure 

sodium 
• Mercury vapor 
• Neon 
• Xenon arc 
• LED 
• OLED 

• New lighting 
(new install-
ation where 
there was none 
before) 

• Replacement 
(of existing 
lighting) 

• Temporary 
switch-offs  
(of existing 
lighting) 

• Existing 
situation  
(no change) 

• Removal  
(de-installation 
of lighting) 

• Property owners (e.g. 
owner of a building to which 
lighting is attached) 

• Property operators (if not 
simultaneously property 
owner, e.g. of a business) 

• Public administrations 
(e.g. planning, immission 
control or heritage 
preservation authority) 

• Politicians (e.g. local 
parliamentarians or mayors) 

• Neighbors (to the lighting 
installation in question; 
whether private individuals 
or e.g. owners of a 
neighboring hotel) 

• Residents (of a town, 
settlement in general; not 
acting as part of an interest 
group) 

• Interest groups (e.g. 
environmental organizations 
or neighborhood 
associations) 

• Public utility companies 
(whether publicly or 
privately owned; e.g. an 
energy company respon-
sible for installation and 
maintenance of street 
lighting) 

• Ordering customers (e.g. 
a firm booking illuminated 
advertisement) 
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Table 4.3: Descriptive variables (bold) for types of debated change (developed from the 
analyzed cases); debated characteristics of the given lighting (developed from the 
analyzed cases); and perceived effects of the given lighting (developed from the analyzed 
cases, sorted by families). 

4.5 Discussion 

The proposed analytical framework allows for systematically comparing lighting 
conflicts amongst each other in terms of their key lighting-related parameters – the 
functional and technical type of lighting concerned, the conflict trigger and involved 
actors, the types of change and characteristics they debate, and the positive and 
negative effects they associate with the lighting. The following discussion revisits the 
empirics on which the framework is based, outlines its limitations and highlights its 
possibilities for being expanded, adapted and applied to a variety of purposes. 

DESCRIPTIVE VARIABLES BY CATEGORY (2/2) 

Types of debated 
change 

Debated characteristics of the 
given lighting 

Perceived effects of the given lighting 

• More light 
• Less light 
• Different light 

• Existence of lighting (whether 
or not there is lighting at all)  

• Brightness 
• Glare 
• Timing 
• Dynamics (e.g. changing 

colors, brightness) 
• Hue (e.g. green, purple) 
• Color temperature (as can be 

expressed in Kelvin) 
• Spatial distribution (spatial 

reach of the light) 

Effects on safety & security: 
• Effects on Safety (prevention of accidents in 

traffic, at workplaces etc.) 
• Effects on Security (prevention of crime) 
• Effects on the feeling of security 
• Effects on legal security (e.g. regarding 

insurance coverage) 

Economic effects: 
• Direct economic effects (e.g. costs of lighting 

installation and/or operation) 
• Indirect economic effects (e.g. economic 

benefits due to increased visibility of a business) 

Environmental effects: 
• Effects on the living environment (esp. 

regarding plants, animals, ecosystems) 
• Effects on energy consumption 
• Effects on greenhouse gas emissions 

Effects on human health and well-being: 
• Effects on sleep 
• Effects on eyes (e.g. retinal damage) 
• Effects on nervous system (esp. headaches) 
• Effects on control over own space (e.g. in 

cases of nuisance) 

Effects on culture and science: 
• Effects on the visibility of the night sky 
• Effects on the experience of the night 

Effects on aesthetics and atmosphere: 
• Aesthetic effects (in terms of e.g. ‘ugly’ or 

‘beautiful’) 
• Effects on the character of place (e.g. in terms 

of heritage preservation, development of the 
local lightscape) 

• Effects on attractivity/image (of a place, brand, 
etc.) 
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4.5.1 Limitations and expandability of the analytical framework 

Media reports were chosen as an empirical basis for this study for several reasons: 
they provide the possibility of obtaining a wide sample of cases (far wider than the 
small portion of conflicts that is taken to courts), are easily accessible and a fairly 
reliable and detailed source of information that is regularly used in studies of large 
numbers of conflicts or protests (Rucht et al., 1998, p. 19; Torre et al., 2014, p. 5f). It 
is important to acknowledge, however, that media reports present a selective and 
interpreted picture of reality – analyzing them thus means interpreting interpretations. 
The hidden biases this brings could not be eliminated, but were countered by 
searching for and including articles from different authors and media sources on one 
conflict wherever possible. 

The sampling of the conflict cases for the analysis was geared toward maximizing 
variety within a limited – and manageable – amount of data, to allow for developing a 
framework capable of reflecting the plurality of lighting conflicts. To this end, cases 
were researched in two different languages and via several different channels. 
Nonetheless, there are unquestionably conflict constellations that are not 
represented in the sample. In particular, by choosing media reports as an 
informational basis, only such lighting conflicts could be found that ‘made the news’. 
As such, it is likely that especially ‘smaller’ lighting conflicts remained hidden. 
Furthermore, as a result of the study’s focus on the global North, lighting conflicts in 
the South, where lighting is far more scarce and issues thus likely substantially 
different, were outside the field of vision. These blind spots were kept in mind during 
the development of the framework with the aim of making its structure robust and 
adaptable enough to accommodate such ‘unknowns’. Whether this could be 
accomplished, and where adaptations may be necessary, should be verified with 
further testing. 

The framework was kept lean by focusing only on those aspects of lighting conflicts 
that were considered essential for the purpose of grasping and comparing the 
lighting-related causes of contention. The framework is, however, conceived such as 
to allow for expansion: further descriptive aspects can easily be added, such as the 
type of built area in which the lighting is placed, the conflicts’ level of escalation (see 
Glasl, 2004 for a typology), or types arenas in which conflicts are played out. 
Similarly, the conflict outcome could be captured in a fourth, yet to be developed, 
dimension of analysis. 

The provided sets of variables, which were largely developed based on the studied 
cases, cover a broad range of aspects but are not exhaustive lists. Rather, they 
provide a basic structure and starting point which can be expanded to reflect the 
findings in studied cases. This adaptability is integral to the framework, and allows for 
adapting it to conflict cases in other geographic or temporal (historic, future) contexts, 
in which lighting technologies and issues will be different from those in the selected 
cases. Also, for more fine-grained analyses, the level of differentiation of the 
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variables can be increased, e.g. by adding measurements of brightness as attributes 
to the types of lighting technology, or by distinguishing types of effects in more detail. 

A way in which the framework simplifies conflicts to make them comparable in lager 
numbers is by disregarding nuances – in terms of the range of actors and 
perspectives included, more subtle differences between actors’ positions, as well as 
priorities amongst their interests. While including more perspectives beyond those of 
the defendants and complainants, and/or differentiating amongst sub-groups’ 
perspectives would likely considerably compromise the framework’s agility, 
developing a way of weighting the (un)wanted effects appears feasible and could add 
further depth to analyses. 

As it is devised, the framework can cope with a single conflict at a time, that revolves 
around a concrete lighting installation. It is not capable of adequately depicting 
lighting conflicts whose object does not have a certain degree of concreteness, or 
more complex systems of conflicts. This especially concerns conflicts that revolve 
around more general lighting policies, such as the adoption of dark-sky guidelines in 
a community, or framework decisions that target multiple different types of lighting 
installations around which various issues may arise, such as urban lighting concepts. 

4.5.2 Possible applications of the framework and further avenues of inquiry 

The analytical framework is conceived primarily as a tool to generate data for 
multiple-case analyses, for which individual conflict cases serve as stepping-stones. 
This does not, however, exclude its application to individual cases in practical 
contexts. On the contrary, the framework can be used with data other than media 
reports, and applying it to evolving cases may aid conflict resolution by making 
transparent the actors’ underlying interests, which are what the conflict is essentially 
about (R. Fisher et al. 2011). These are often not as diametrically opposed as their 
positions, and can thus provide pointers toward solutions – which may also lie 
outside the realm of lighting. 

While not indispensable, the visual template offers multiple advantages for such 
practical as well as academic inquiry. As a means of illustration, it allows for quickly 
gaining an overview of the structure and nature of individual conflicts. As a working 
tool, it guides the researcher through the steps of the analysis, and simultaneously 
provides a means of documenting the analytical process itself. Furthermore, by 
programming it as a mask that feeds the chosen variables into an underlying 
database, it can be directly used to assemble data for larger-scale studies. 

Such analyses could allow for the development of typologies of lighting conflicts, by 
following up on potential interdependencies e.g. between types of debated change or 
characteristics and types of lighting, or between clusters of wanted/unwanted effects 
and other aspects. The framework also opens numerous possibilities for comparative 
studies of lighting conflicts, for example regarding different types of areas (e.g. 
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urban/rural) or geographic regions as well as longitudinal studies of the development 
of lighting conflicts over time. 

Additionally, multiple-case analyses could also help empirically found where an 
overarching line might be drawn between “intended” and “unintended” effects of 
lighting – two categories often referred to in recommendations for light pollution 
mitigation, that yet await to be operationalized beyond individual cases. While the 
effects judged positively by those who control the light are clearly intended, such 
effects that consistently do not appear in their argumentations, but are judged 
negatively by complainants, can provide indications of where a societal consensus 
might lie regarding what constitutes “unintended negative effects of lighting”. 

Finally, the case studies pointed towards aspects of lighting conflicts that are beyond 
the realm of the framework, but could provide interesting starting points for inquiries 
using other means of analysis. This particularly concerns factors that the analyzed 
cases showed may be highly influential in lighting conflicts, but lie beyond the lighting 
itself, such as communication issues and the design and execution of planning 
processes. A further point of interest would be to study “factual disputes” (Schultz, 
2003) – i.e. conflicts within the conflict, especially about the scientific reliability of 
arguments regarding the potential effects of lighting – and the role of experts in this 
context, to better understand which truths count in lighting conflicts and how the 
evolving body of knowledge regarding the effects of lighting is received and debated 
‘on the ground’. 

4.6 Conclusions 

The proposed analytical framework offers a means of dealing with the complexity and 
contingency of lighting conflicts by systematically reducing their complexity. With a 
focus on grasping the lighting-related causes of contention, it identifies constitutive 
aspects of the conflicts, and offers sets of variables that allow for describing their 
individuality in a standardized way. The framework thus facilitates comparative 
studies and the development of typologies of lighting conflicts, thereby opening up 
new avenues for interdisciplinary inquiry into the landscape of lighting conflicts. 

The framework takes an impartial stance vis-à-vis the debated lighting situation to 
systematically look through the opposing conflict parties’ eyes at the object of 
contention, thereby exposing differences in their perspectives. Differentiating these 
into positions and underlying interests shows that they relate to distinct categories: 
While lighting conflicts often revolve around specific characteristics of lighting at the 
surface, they are actually rooted in the conflict parties’ differing perceptions of the 
effects of the given lighting. For the planning of artificial illumination, this finding 
underlines the importance of first assessing the full range of potential effects of a 
lighting intervention, and taking into account the perceptions of those affected by it, to 
only then take decisions about the appropriate solution in technical terms. Such an 
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approach that is not technology- but effects-driven can likely aid in mitigating and 
reducing lighting conflicts. 

Unconflictual lighting, however, is not automatically sustainable lighting – but from 
conflictual lighting lessons can be learned for making lighting more sustainable. The 
analytical framework itself provides a first overview of the broad range of types, 
characteristics and effects of lighting that play a role in lighting conflicts, which can be 
informative for the development of circumspect planning and policy approaches. 
Going further, it paves the ground for larger-scale studies that can make transparent 
where key issues lie and which interests compete and thus call for balancing at an 
overarching level. 
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5 Conclusions 

Lightscapes and the overall illumination of the night can be seen as a the cumulative 
result of myriad individual decisions and negotiations about what type of lighting to 
use at a given time and in a given place for a specific purpose. For several decades, 
these have been met with fairly little regard by researchers and policy-makers alike – 
however, things have recently begun to change: Against the background of a growing 
body of knowledge that these many individual choices not only add up to bright 
nights, but can have manifold detrimental effects at near and far range on factors as 
diverse as the visibility of the night sky, the living environment, human health and 
well-being, there is an increasing urgency to better understand who uses lighting how 
and why, as well as to identify ways of balancing its benefits and costs. This 
knowledge is still a mosaic in the making, as are the tools necessary for its 
generation: Research has only just begun to grasp and decipher the shape as well as 
the shaping powers behind what we see. 

With the aim of contributing to way-finding for policy and planning approaches that 
are capable of dealing with the inherent ambiguity of artificial outdoor lighting, this 
dissertation embraces the complexity of lighting and light pollution and addresses 
voids in the landscape of interdisciplinary research by taking into view three distinct 
aspects: 

! the diversity of lighting practices by way of their temporal dimension. This is 
the topic of the first main section of this dissertation, which proposes a 
method for documenting and analyzing, and by example studies, how the 
temporality of urban lighting is structured in specific types of areas, and how 
such temporal lighting practices compare to each other by functional type of 
lighting and by place. It does so by way of three case studies of diversely lit 
high-density mixed-use urban centers within the city of Berlin, Germany. 

! the diversity of stakeholder interests in the protection of darkness through the 
lens of a policy approach for light pollution prevention and mitigation. This is 
the topic the second main section of this dissertation. It investigates the novel 
policy instrument of dark sky designations, which stakeholders are involved in 
work towards establishing designated areas at local and regional levels, 
which positions they hold towards these designations and which interests 
shape these positions. It does so by way of three case studies of designated 
dark sky areas located in Canada, Germany, and the United States. 

! The diversity of conflicts that revolve around artificial outdoor lighting. This is 
the topic of the third main section of this dissertation, which proposes a 
multidimensional analytical framework that allows for analyzing, 
systematizing and comparing the broad range of contemporary lighting 
conflicts, and that lays out key lighting-related factors that structure these 
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conflicts. This framework was developed based on a wide variety of media-
documented conflict cases, of which 18 played out in Germany, and a further 
ten in Italy, Poland, Switzerland and the United States. 

The range of case studies and issues addressed reflect the spectrum of lighting 
situations: the first main section focuses on areas that are amongst the most brightly 
lit, the second on areas in which artificial lighting is at a minimum, and the third 
adopts a transversal approach by studying a cross-section of conflicts about lighting 
in a variety of contexts. Similarly, the spatial scales of the case studies reflect the 
broad effective range of artificial lighting, which can have very near- as well as very 
far-range effects: the first main section takes an ultra-local perspective, the second 
adopts a regional approach, and a spectrum of different scales plays into the third 
main section. 

5.1 Findings and possibilities for further research 

This dissertation provides systematizations of knowledge on and introduces methods 
that address the multidimensionality of artificial outdoor lighting. These provide foun-
dations for comparative studies and the development of classifications and typologies 
in the field of interdisciplinary lighting studies. 

Based on the preexisting approach of using time-lapse videos to document temporal 
developments of various kinds, the first main section of this dissertation develops a 
method for documenting, analyzing and comparing the on/off patterns of lighting. 
This method is kept as simple as possible and is described and demonstrated in a 
detailed, step-by-step fashion such as to allow for its reproduction by scholars from a 
variety of fields. By taking a close-range perspective and looking into, rather than at, 
lightscapes (see table 5.1), the proposed method allows for highly differentiated 
analyses of the composition and the temporality of local lightscapes themselves, for 
example by functional types of lighting. Applying the method to a larger number of 
places can contribute significantly to a better understanding of what type of lighting is 
used when and where. Particularly comparative studies that take into view a variety 
of spatial and socio-cultural contexts not only provide potential for classifying light-
scapes by their temporality, but also promise insights into the temporal dimension of 
(local) lighting cultures, which clearly exist, but are yet poorly understood. Further-
more, knowledge about the temporality of lightscapes is relevant to the established 
method of assessing lightscapes in their entirety, which relies on aerial imagery taken 
at specific points in time: Knowing whether or not the bulk of a city’s lights are on at 
the time of photographing will allow for more accurate estimates of satellite imagery, 
and vice versa it can inform the timing of targeted image collection via drones or 
airplanes. 
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Table 5.1: Overview of current documentation approaches for the analysis of (changes 
to) lightscapes. The approach that is part of the method proposed in the first main section 
of this dissertation appears on the right. 

The second main section of this dissertation provides a definition for dark sky areas 
that is independent of the individual nomenclature and of the nuanced differences in 
designation schemes of the broad variety of designating organizations and 
institutions. This allows for grasping such designations as an overarching policy 
instrument, the geographic spread and application of which can be further studied. 
The definition also allows for separating the designation of dark sky areas from 
distinctly different types of dark sky designations with which they can easily be 
confounded: While dark sky areas target large areas with low levels of lighting and 
aim to preserve their darkness, designations such as the International Dark-Sky 
Association’s (IDA) “Dark-Sky Communities”, address illuminated municipalities to 
encourage the development of light pollution sensitive planning and management 
approaches such as to reduce or keep at bay their emissions. Furthermore, this 
section identifies and classifies the broad range of local stakeholders and interests at 
play in the designation of dark sky areas. These can be informative as an 
(expandable) starting point for comparative studies of actors and interests in dark sky 
areas around the world, which would allow for identifying differences and similarities 
amongst those who do – or do not – support such designations and why. This, not 
least, would allow for shedding light on variations of the dimensions in which 
darkness is increasingly seen and employed as a resource. 



 92 

In the third main section of this dissertation, a definition of, and an analytical 
framework for, lighting conflicts is developed and proposed. The definition allows for 
distinguishing conflicts about concrete lighting situations from a broad range of other 
types of lighting-related contention, and thus for analyzing them as a phenomenon in 
their own right. The analytical framework offers a means to systematically examine 
individual lighting conflict cases and describe them in a standardized way. It reduces 
the conflicts’ complexity by focusing on the key lighting-related aspects that 
characterize them. By separating the actors’ positions and interests from each other, 
as well as the factors addressed from their valuations by the actors, it allows for 
pinpointing not only the conflict issues at the surface, but also where the conflict 
parties’ underlying interests differ. A visual template is offered that serves to facilitate 
the multidimensional process of analysis, as are classifications of the key aspects 
that play a role in lighting conflicts that facilitate their standardized description. The 
framework opens possibilities for comparative multiple-case analyses of lighting 
conflicts in a variety of spatial and socio-political contexts, as well as for longitudinal 
studies, which could shed light on which aspects of outdoor artificial lighting are 
being quarreled about where and why, and how issues and perspectives may (or 
may not) differ over space and time. Such larger-scale inquiries would further allow 
for developing classifications, i.e. identifying different types of lighting conflicts. 
Additionally, multiple-case analyses could further inform economic assessments of 
the costs and benefits of outdoor artificial illumination by taking into view which 
effects of lighting are regularly judged as exclusively positive or negative, and which 
are interpreted in contrary ways. 

5.2 Findings and possibilities for policy and planning 

The studies in this dissertation show that in order to achieve sustainable policy and 
planning approaches that are capable of balancing the costs and benefits of outdoor 
illumination, it will be necessary to look far beyond the technical dimension of lighting, 
to take into account its broad range of effects on people and the environment alike. 
The presented results can contribute to the ongoing process of way-finding on how 
the costs and benefits of artificial lighting could be balanced by providing overviews 
of factors to be taken into account when taking individual or broader decisions about 
lighting, and indications of anchor-points for policy measures. 

The case-study findings of the first main section of this dissertation show that the 
on/off patterns of urban lighting can vary substantially – both between and within 
groups of functional types of illumination. This indicates that not all actors who hold 
the switches in the lightscapes see the need for uninterrupted illumination during the 
night – in the studied cases particularly after midnight. Such knowledge about the 
points in time as of when particular types of lighting are extinguished of the actors’ 
free will can provide valuable points of orientation for the development of policies that 
target the temporal dimension of lighting, even more so if they are combined with 
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basic data on temporal patterns of activity. Such policies that seek to adapt the 
usage of lighting to societal rhythms present a powerful, yet fairly simple means of 
reducing what is arguably excess illumination: They are technically comparatively 
uninvolved in terms of execution (installation of timers), as well as in terms of 
enforcement (not demanding measurements e.g. of brightness), and can easily be 
constructed to accommodate differences between types and places of illumination.  

Similarly, the findings of the second main section of this dissertation indicate that also 
the policy approach of designating dark sky areas is low-hanging fruit: This is 
witnessed not only by the low levels of conflictuality in decision-making about and 
preparation of the applications, but also by the broad range of stakeholders that 
actively engage in the process, and the broad range of interests with which such 
designations resonate, which go far beyond astronomy to include aspects such as 
environmental protection, local cultural heritage and the aesthetics of the built and 
natural environment at night. Importantly, such designations can provide economic 
development opportunities for what are often structurally weak regions: By turning 
darkness or low levels of illumination from something that has long been a symbol of 
backwardness or under-development into a point of pride and an asset that provides 
win-win situations, the instrument can garner support from actors that are not 
necessarily intrinsically motivated for the aim of protecting darkness, as portions of 
the politicians and businesspeople in the case studies. Furthermore, as especially 
the case study of Westhavelland shows and numerous additional similar 
designations of populated areas indicate, human settlement and low levels of lighting 
do not have to be contradictory factors. In less complex situations, such as 
uninhabited and publicly held protected areas, the adoption of lighting management 
approaches as they have been developed for dark sky designations into standard 
operating procedures (as is e.g. practiced by the United States’ National Park 
Service) could further provide a fairly simple means of protecting darkness in large 
tracts of land. 

The analytical framework for lighting conflicts that is proposed in the third main 
section of this dissertation provides a tool that allows for identifying where people 
draw the line between what they perceive as useful/wanted or problematic/unwanted 
light, and why they do so. As such, it can, not least, be employed as a tool in existing 
conflict cases in order to support conflict resolution. Importantly for planning, the 
analyzed conflict cases showed that the actors’ interests – and thus the conflicts 
themselves – are rooted in differences in the perceived effects of a given lighting 
situation. This means that in order to minimize conflicts around lighting, it will be key 
to first take into consideration the potential effects a lighting situation can have, to 
only then take decisions regarding its characteristics and thus also regarding the 
adequate technology. Furthermore, the systematized overviews of aspects that play 
a role in lighting conflicts, especially the functional and technical types of lighting as 
well their characteristics (e.g. brightness, color temperature) and perceived effects 
(e.g. on one’s feeling of security or the living environment), can provide orientation for 
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the range of aspects that will need to be taken into account – and in the case of the 
effects: weighted against each other – in planning processes as in the development 
of holistic policies. A point worth highlighting here is that strongly subjective 
perceptive aspects such as aesthetic effects, effects on character of place or on 
personal well-being played a significant role in the analyzed conflicts, underlining the 
importance of not only taking into account “measurable”, but also the affective 
dimension of lighting in terms of its “immeasurable” effects. In planning processes, 
this can, for example, be achieved by way of public experiments with light (see 
Schulte-Römer, 2015). Finally, multiple-case studies that apply the framework can 
provide knowledge on which types and aspects of lighting situations conflicts erupt 
around and which lighting-related interests clash in these conflicts – and thus 
valuable pointers for priorities in policy development. 

Seen across the board, the studies in this dissertation underline the relevance of 
conceiving policy approaches that take into view not only public (street) lighting, but 
also the wide range of other, often privately operated, forms of lighting that have 
become an integral part of our lightscapes, such as architectural illuminations or lit 
advertisements. Not only do private forms of lighting play a prominent role in the 
urban centers documented in the time lapse videos, but they also appeared regularly 
in the studied lighting conflicts. 

Going further, this dissertation also shows that it will be necessary to take into view 
the currently dominant power imbalance between those who produce light and those 
who receive it. In other words: it will be necessary to debate where one party’s right 
to light ends – and the other’s right to darkness begins. This is relevant not only to 
preventing and mitigating individual lighting conflicts, many of which are triggered by 
an actor installing a light that in some way causes disturbance, but also at a 
cumulative and larger-scale level, as cities’ and towns’ lights can quickly mitigate the 
darkness others value many kilometers away. 

5.3 In closing 

This dissertation is part of an emerging and interdisciplinary body of research that 
aims to better understand how and why artificial lighting is used, and that takes into 
account both the benefits and the costs that can be associated with it. Such 
knowledge provides essential points of orientation for the development of more 
sustainable planning and policy approaches for artificial lighting. Ultimately, however, 
the decision on what constitutes a suitable or justified employment of artificial lighting 
in a given place and at a given time is a political question that will demand setting 
priorities. This, in turn, will not unlikely provoke new types of conflict over questions 
of illumination at a broader societal level – and thereby bring lighting even further 
back onto stage. 

In analogy to how Jakle describes that “Human response to the night has progressed 
through three stages – avoidance, celebration and elimination” (2001, p. 19), human 
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response to artificial outdoor lighting might be seen as having progressed through 
two stages – celebration and indifference – and as currently entering a third stage: 
taming. 

Against this backdrop, this dissertation provides reproducible methods and 
approaches for the analysis, classification and comparison of a variety of aspects of 
artificial outdoor lighting. As such, it contributes to and supports the generation of the 
sound knowledge-base that is urgently needed for informing the policies and 
decisions that will shape our nights for years to come. 
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