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Abstract

:

Human beings’ poor night vision and primitive fear of the dark are reflected in an imperative need to use artificial light to illuminate their environment. Outdoor illumination undoubtedly contributes to the enhancement of practical opportunities for social and economic developments. Considered as a necessity, a means of security, and an attraction or valorization, city lighting growth has been literally exponential in the last half century. Beyond the financial and energy resources that it absorbs, the artificial lighting of urban spaces overflows its objective by polluting our nights to the point that, in our modern megacities, the stars disappear. Apart from the fact that stars are no longer visible, the scientific community is increasingly interested in the direct and indirect impacts of artificial lighting on biodiversity. In parallel, some studies have shown recently that stray light may have direct or indirect effects on human health and mood. The scope of this Special Issue, dedicated to the memory of Prof. Abraham Haim and Dr. Thomas Posch, is to put together a series of high-level papers treating light pollution in a holistic manner that goes from technological advances to policies, passing through impacts on biotopes and human health. Beyond its evident scientific interest, this Special Issue is also contributing to awareness raising, aimed at decision- and policy-makers.
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The human being is not a night animal, even if the night sky has fascinated our species since the dawn of our existence. Our poor night vision and our primitive fear of the dark are reflected in an imperative need to use artificial light to illuminate our environment. Here, the term “artificial light” refers to man-made night-time light. The power to artificially override the natural cycle of light and dark is recent, but decisive, event for human society. For sure, outdoor illumination undoubtedly provides enhanced practical opportunities for social life development and contributes to an extensive range of evening and night-time activities that would otherwise be difficult, if not impossible, without artificial light.



Considered as a necessity, a means of security, and an attraction or valorization, city lighting growth has been literally exponential, especially since World War II. The phenomenal rise of public lighting is manifested today by at least 100 million lighting points illuminating our cities worldwide, whose annual electricity consumption would represent, roughly, more than 200 TWh. Further, lighting constitutes up to 25% of the budget of rural small-size cites, corresponding to roughly 50% of their electricity bill. This uncontrollable growth is no longer sustainable and a drastic reduction in energy consumption must be imposed.



Beyond the financial and energy resources that it absorbs, the artificial lighting of urban spaces overflows its objective by polluting our nights to the point that, in our modern megacities, the stars disappear from the night sky when, just 100 years ago, the milky way could be observed from almost everywhere. However, the loss of the night skies has happened gradually over the course of the last century and this has resulted in a collective ignorance of the degradation, about which none but astronomers complained about for a long time.



Apart from the fact that stars are no longer visible, the scientific community is increasingly interested in the direct and indirect impacts of artificial lighting on biodiversity. We know that, for more than 100 years now, all living organisms have evolved varying degrees of sensitivity to light. Light stimulates hormone production, regulating circadian rhythms in all living species, and it also influences phototropism in plants.



In fact, the biological adaptation of all animal species to natural light conditions (sun, moon, and stars) has evolved over billions of years in all animal species. Paul Beier underlined that “most nocturnal mammals react to increasing moonlight by reducing their use of open areas, restricting foraging activity and movements, reducing total duration of activity, or concentrating foraging and longer movements during the darkest periods of night.” [1]



Several experimental studies have shown that artificial light at night-time disturbs ecosystems and could play a significant role in the decline of species whose roles in the ecosystem, already weakened by human presence, are not yet fully known. There are some examples, among many others:



Sea turtle hatchlings emerge from the nest at night and use visual cues to direct themselves towards the brightest and lowest horizon, eventually leading them to the sea. Night-light pollution could alter the cues perceived, disorienting the fragile hatchlings [2].



Seabirds of the order Procellariformes (albatrosses, petrels…) are known to be highly affected by light pollution near their breeding colonies. The prime and most serious impact is related to the abandonment of colonies [3]. The second impact relates to the disorienting effect that light pollution has on immature individuals that disperse for the first time from their colonies [4].



Kerbiriou et al. showed that the loss or the gain in bat activity when lamp types (i.e., spectrum) are switched strongly depends on the initial and the new lamp intensities. Their results stress the need to consider simultaneously the effects of changes in different light characteristics when street lighting changes [5].



We know that invertebrates make up the majority of biodiversity on earth and are vital to ecosystems. Artificial lighting attracts large numbers of a wide range of invertebrates, but moths are perhaps best known for this behavior [6]. UV, green, and blue light, which have short wavelengths and high frequencies, are best discriminated by most insects and are highly attractive to them [7].



Current research highlights the importance of artificial light with smaller wavelengths in attracting moths, yet the effect of the spectral composition of artificial light on species’ richness and on the abundance of moths has not been studied systematically [8]. Further, the role of moths in pollination processes is not fully known.



In parallel, some studies have recently shown that stray light may have direct or indirect effects on human health and mood. As an example, people report negative health impacts from sleep disturbances due to light intrusion into their homes. In addition, human health problems have been associated with exposure to artificial light at night, inhibiting the production of melatonin, which is associated with the incidence of certain breast cancers [9]. In any case, even low levels of illuminance in the blue region of the light spectrum may disrupt melatonin secretion with catastrophic effects to sleep–wake cycles. Further, artificial lighting may also result in night-time glare, including disability glare, which affects driving and pedestrian safety. However, its detection and quantification are generally subjective and relative to existing conditions. Further, it is often said that outdoor lighting can reduce criminality in modern cities; however, there is no systematic study that can provide an evidence to this “urban legend”.



Thus, scientific evidence highlighting the negative impacts of artificial lighting in connection with strong actions from the associates of militant people contributed to a spectacular increase in awareness at a political level in many countries. As a consequence, light pollution is now taken into consideration in more and more national environmental protection and territorial development policies. In addition, some locations are particularly sensitive to light pollution and lighting schemes, and these areas should be carefully planned around to avoid negatively affecting fragile ecosystems.



Globally, today we can say with certitude that artificial light in the wrong place or at the wrong time is light pollution. Artificial light has the potential to significantly disrupt ecosystems and natural light and dark patterns. Light pollution, unlike other forms of contamination and waste, remains largely overlooked and unregulated in many countries. It is often exacerbated by excessive, misdirected, or obtrusive uses of light that is difficult to explain today. It is necessary to measure light pollution, quantify the impact on biodiversity, build reliable and robust simulation tools that allow us to predict the impact of new technologies in light pollution, and open questions that need rapid and precise answers. Today, we know that even if a part of light pollution (called usually “sky glow”) is unavoidable due the diffusion of light in the atmosphere (linked mainly to the reflection of moisture and very fine particulate matter in suspension), most of the pollution is coming from poor lighting design, often exacerbated by poor installation and maintenance. That part is avoidable, but initial costs for high-quality lighting systems may rise rapidly to the point of become prohibitive for countries with developing economies. On the other hand, in developed economies, the private lighting of external space is a growing cause for concern, because it is rather difficult to regulate with policies. Population awareness raising is most likely the solution here.



The scope of this Special Issue is to put together a series of high-level papers treating light pollution in a holistic manner that goes from technological advances to policies, passing through the impacts on biotopes and human health. Nine excellent papers are included in this Special Issue, placing it in a prime position in today’s literature in the domain of light pollution. Beyond evident scientific interest, this Special Issue is also contributing to awareness raising, aimed at decision- and policy-makers.
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