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The last two decades have witnessed a profound commotion in the lighting world. After
almost one century of steady development, dating back to the pre-WWII era, the lighting sector was
shaken by the onset of solid-state lighting technologies. The well established practices for outdoor
lighting based on gas-discharge lamps were not directly transferable to the new LED sources, and
this gave rise to some degree of unrest when some early adopters found the new installations
wanting of quality or performance. Three key processes arose or were reinforced in parallel to (and
partly driven by) this technological breakthrough:

(i) a huge transfer of resources from the public budgets to the lighting industry via strongly
subsidized government programmes for outdoor lighting remodelling, as part of the global strategy
for reducing greenhouse gas emissions,

(i) the accumulation of a growing body of knowledge about the detrimental effects of
artificial light at night in fields as diverse as ecology, human health, intangible heritage or scientific
research (ALAN_DB, 2021), and

(iii) the emergence of a still weak and often somewhat diffuse, but transversal and highly
distinctive social awareness about issues related to the the quality -and not only the quantity- of
public lighting.

The discomfort experienced by the lighting sector as a consequence of the emergence of
these new stakeholders and new quality requirements has been summarized in a brief but deeply
illustrative editorial piece by P. Boyce (2019).

Contrary to some widespread discourse, the harmful effects of light pollution do not seem to
be solvable by mere technological improvements. Deep social choices are needed to decide which
one of the possible, probably incompatible nights will be part of our lives in the near future. In this
talk the steps that led to the present situation are briefly revisited, exploring some potential future
scenarios, and outlining the main challenges they may pose to the research community.
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Nighttime remote sensing (RS) data has been widely used for environmental, urban and
light pollution studies. Despite its multifaceted applications, the nature of nighttime RS data and its
connection with the ground truth are still under investigation. In this study, based on field
measurements in Hong Kong and Macau from the Globe at Night — Sky Brightness Monitoring
Network (GaN-MN), we analyzed the relationship between the RS data and night sky brightness
(NSB) data measured from the sky quality meters (SQM). Our analysis was based on two sets of
medium-resolution nighttime imagery from the Luojia-1 satellite and the International Space
Station (ISS). One challenge of using RS data to study nighttime emission was that images taken
even within seconds could widely differ in the observed intensities (around 10% in urban areas for
images taken 10 seconds apart), likely caused by different light transmission paths due to changes
in satellite positions. We found good correlations between field measurements and the RS data (R =
0.81 — 0.99 for the RGB channels of the ISS images and R = 0.73 for Luojia-1). We further
analyzed the distribution of light intensities in the RS data based on land use data in Hong Kong.
As expected, around-the-clock facilities such as port and airport recorded the brightest emission,
and commercial areas are in general brighter than the residential areas. Furthermore, we observed
different characteristics of lighting from different applications, such as the dependence colours on
land use: the redder emission from airport and port facilities and bluer emission from commercial
districts.

This study is supported by the University of Hong Kong Knowledge Exchange Fund granted

by the University Grants Committee, and the Environment and Conservation Fund of The
Government of the Hong Kong Special Administrative Region.
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The introduction of artificial light at night . Control - Dark nights
(ALAN) from various sources (e.g., street,
domestic, or industrial sources) disrupts the daily
cycle of light, has vast biological impacts on all
organisms, from the molecular to the ecosystem
levels, and is associated with physical and mental
health problems. In birds, ALAN affects various
behavioral patterns, such as song and sleep
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We recently showed that ALAN affects

brain plasticity in birds (zebra finches; Taeniopygia
guttata) by increasing cell proliferation and recruit-
ment of new neurons in some brain regions (Moaraf
et al., 2020a,b). One of these regions is the medial
striatum (MSt), which is a part of the avian basal
ganglia and receives input from regions involved in
somatosensory and motor function (Wild, 1993;
Veenman et rayl 1995, Kuenzel et al., 2011). This (16 = 9-33 P=0.0058).

finding led us to suggest that the modifications in the MSt are induced by changes in the birds' sleep-
ing behavior, assuming that ALAN causes the birds to be more awake and active during the nights.

Accordingly, in the current study we investigated this question by examining the nocturnal activity
of birds under ALAN.

Fig 1: Movement during the night (seconds +
SE) in control and ALAN 5 lux groups (N =8
birds / group) after 6 weeks of either dark
nights or ALAN exposure. Each symbol
represents a feeding event of an individual
bird. The two groups differed significantly (F

To do this, we monitored the sleeping behavior of two groups of adult zebra finches that were
kept under 14:10 L:D indoor isolated rooms, under controlled conditions. During the first three
weeks, birds in the Control and ALAN groups were exposed to complete dark nights. Then, for
additional six weeks, the Control group remained under dark nights, while the ALAN group was
exposed to nightlight of 5 lux intensity. We chose 5 lux because we already found that nocturnal
exposure to this intensity affects brain plasticity (Moaraf et al., 2020a,b), and because it is
ecologically relevant (e.g., it is comparable to light intensities during the night in urban areas). We
recorded the nocturnal activity of birds with a motion detection infrared camera at three time points:
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1) at the end of the first three weeks of dark nights; 2) at the end of the first three weeks of ALAN
exposure; and 3) at the end of the six weeks of ALAN exposure. We also recorded feeding events
during the nights and monitored body mass every 10 days.

We found that the birds showed little locomotion activity during the dark nights, and that this
activity was more obvious during the first hour after dark. However, under ALAN conditions, the
birds increased their locomotor activity throughout the night, and this activity was more obvious
during the first hour after dark and then before lights were turned on (Fig. 1). Moreover, nocturnal
locomotion intensified with the duration of ALAN exposure (three vs. six weeks), indicating a chronic
effect. In addition, birds in the Control group did not eat during dark nights, while under ALAN the
birds were observed to eat several times during the night. Finally, chronic exposure to ALAN
significantly increased body mass by 6%. Taken together, our study adds to the growing body of
evidence of the ill-effects of ALAN on the behavior and physiology of birds.
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Due to being low-priced and providing data in a satisfactorily accurate precision, the Sky
Quality Meter (SQM) is the most used device for characterizing the impact of artificial light at night
on the sky brightness. Since they enable the possibility of working remotely, such instruments are
used globally to create monitoring networks and create long-term studies. However, past studies
have shown that compared to known photometric bands, the spectral response suffers due to being
insensible in higher wavelengths while also at shorter wavelengths outcomes can be influenced
significantly. Considering the global trend of converting outdated (street) lighting systems to state-
of-the art LEDs, observations done by SQMs are impacted in such way that comparisons of various
lighting technologies are nearly impossible and values could be interpreted incorrectly.
Additionally, not only the emission of light sources play a major role, since also the instruments
themselves show aging effects, which exerts influence on long-term studies in particular.
Consequently, readings from SQMs need to be characterized in further detail to take a closer look
on the true effectiveness of these devices.

While past studies quantified this problem by mostly modeling approaches solely, we
present a work which bases on a comparison between in-situ observations and simulations for the
city of Vienna, Austria. It was chosen due to the fact that the local urban management provides one
of the most detailed listings of used outdoor lighting types. Such information enables the most
effective way of modeling near-realistic condition of the city emission function, especially its
spectral composition. Since 2017, Vienna changed a third of all existing street lightings to 4000K
LEDs which concludes the initial tranche of conversions. On the basis of continuous spectral
measurements of Vienna’s night sky performed over the past years, it is possible to include accurate
spectra as observed into the city model.

The model itself will be evaluated in different approaches, e.g., by varying the thresholds of
wavelength ranges to the visible or beyond, and by including the spectral sensitivity and monitored
aging effects of SQM devices. The aim is to characterize, what amount of light is truly detected by
the instrument, particularly before and after the LED conversion. In order to compare simulated
results to real-life conditions, data of SQMs located in and outside of Vienna will be evaluated.

Results of this work shall specifically be used for long-term studies of Sky Quality Meter
observations, especially to increase the accuracy when comparing data before and after LED
conversions.
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Astrotourism is very new and a growing idea in Thailand through the promotion of the
National Astronomical Research Institute of Thailand, and Tourism Authority of Thailand.
Economic impact of COVID has helped to escalate the idea of having astrotourism to drive
domestic travels and therefore bring in economic benefits to the country. Thailand has also recently
launched a national dark sky places scheme to promote dark sky awareness, in addition to the
astrotourism idea.

This is a qualitative study to understand the economic factors that are associated with 2
proposers who make decision to apply for dark sky places, mainly for astrotourism purposes. One

from a hotel point of view, another one from a community point of view.

The study will understand the traffic, operation costs, investment costs, revenues and also
difficulties they faced during the process.
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This presentation will introduce an ongoing research and design project focused on innovative and
responsible (sub)urban park lighting. The project, currently in the research and planning stage, is a
collaboration between the author and lighting design firm Atelier LEK (www.atelierlek.nl/), with
contributions from Delft University of Technology students and in close collaboration with local
stakeholders. The presentation will primarily focus on the methods of analysis and outcomes from
the first phase of the project. Further, the case offers a secondary contribution via outlining the
challenges and successes of a transdisciplinary ALAN research project in practice (see Pérez Vega
et al. 2021).

The Delftse Hout park — largely designed from reclaimed farmland in the 1970s — is a multi-
functional space in Delft, The Netherlands. It includes green areas, walking and cycling trails,
sports fields, restaurants, and a camp ground (fig. 1a). In the decades since its creation, tens of
thousands of homes have been built in surrounding neighborhoods, putting increasing pressure on
the park’s services and paths. As a further consequence, cycling paths through the park have
become commuter routes (fig. 1b). Currently there is minimal artificial lighting in the Delftse Hout,
and local stakeholders have identified public lighting as a priority for improving safety and
wayfinding. However, it has also been recognized that any future lighting installations should
preserve the dark spaces of the park (fig. 1c). As a park within an increasingly urbanized region, the
need to maintain the green (and dark) spaces of the park and the social and ecological services they
provide is crucial. The identified goals for the Delftse Hout thus present a challenge, and possible
conflicts between competing values. Yet, it also offers an opportunity to envision solutions that can
satisfy supposedly competing goals. We thus set out with following research question: can the
innovative use of new lighting techniques, as well as a careful consideration of when and where
illumination is truly needed in the park, allow us to create a space that is accessible but also
preserves (or even enhances) the darkness of Delftse Hout?

Towards this goal, we initiated an interdisciplinary research approach aimed at establishing
innovative design and policy strategies for urban park lighting. First, the theory and method of
design for values (Stone 2018; van den Hoven et al. 2015) was utilized to investigate the underlying
values that both artificial illumination and darkness offer for the space. The practical manifestation
of these values (and value conflicts) were then examined via in-depth site analysis of the programs
and routes, existing lighting, and ecological services (fig. 1), as well as the insights of key
stakeholders. The result was a report articulating a light touch approach, arguing for strategic and
restrained lighting, as well as the preservation of a central dark habitat (Stone & Atelier LEK
2020). The proposed light touch design strategies focus on creating a unique atmosphere within the
park, and include:
¢ Nature-inclusive lighting: the development of dynamic lighting that is responsive and adaptive
to users, changing ambient conditions, and daily/seasonal local ecological needs. Combined, we
see this as offering the potential to improve social safety and wayfinding, keep (ecological) light
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pollution at a minimum, and create a novel aesthetic experience for park visitors.

¢ Nightscape revitalization: one area of particular concern is two highway underpasses
connecting the city center and the park, which currently serve as both a physical and perceptual
barrier. Taking inspiration from the planning strategies of urban acupuncture (Lerner 2014,
Stone 2021) and creative placemaking (Meagher 2020), we have proposed an art installation to
initiate a process of urban renewal — improving social safety with minimal artificial lighting.

¢ Regional light pollution ordinance: the Delftse Hout is situated in one of the brightest regions
in Europe, due largely to greenhouses in the surrounding region. By striving for the
International Dark-Sky Association’s Urban Night Sky Place certification
(www.darksky.org/our-work/conservation/idsp/unsp/), our hope is to use the park to draw
attention to the region’s light pollution problem. In doing so, it can ideally serve as a catalyst for
regional action to curb light pollution.

To conclude, the presentation will reflect on how the proposed concepts, as well as the research
methodology developed for the Delftse Hout, could serve as generalizable approaches to (sub)urban
park lighting.

a. b. C.

Fig. 1: site analysis of the Delftse Hout park in Delft, The Netherlands, identifying a) the distinct programs

and uses within the park; b) cycling routes (red), vehicle routes (yellow), and parking lots (blue), and; c) the
existing dark spaces of the park overlaid with the foraging sites of different bat species.
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The Dobczyce Reservoir is the main source of the : 2 s s
water supply of Krakow. In 2014-2016 the research of the =]
changes of the water quality indicators was done at the  *]
three levels of this reservoir in parallel with measurements
of the night sky brightness. This study verifies the thesis
on the correlation of these indicators, particularly the .
concentration of chlorophyll a in the surface layer of the 6
reservoir, with the brightness of the night sky. The analysis N
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Sewage Company SA in Krakow led to notice of a clear
monthly periodicity of the concentration of several
biological indicators, such as chlorophyll a, phosphates,
phosphorus and phyto- and zooplankton. It seems that
moonlight is the only periodic external factor with a
similar period, possibly affecting the value of these

S, [mag/arcsec’]

Fig. 1: The concentration of chlorophyll a
vs. night sky brightness in the Level | of
the Dobczyce Reservoir during the
growing season of 2014 (humbers
indicate month).

indicators. In the same three-year period were done the

continuous measurements of the night sky brightness above the reservoir. It turned out that
illuminance of the reservoir surface by the Moon is comparable to the one by artificial skyglow, one
of the aspects of light pollution. Analysis of the problem showed the clear linear correlation
between the monthly averaged brightness of the night sky and the content of chlorophyll a in the
water during the growing season. It was suggested that the brightness of the night sky is one of the
factors affecting the water quality, so far not taken into consideration.

Brightening of the night sky is connected both to the Moon, as well as to the artificial
skyglow, derived from faulty constructed light sources. This means that the correct lighting of the
water intake areas can reduce the eutrophication of reservoirs and, in perspective, can also reduce
the cost of water treatment.
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Introduction

The light-dark (LD) cycle is an important environmental cue synchronizing the central clock
of the circadian system located in the suprachiasmatic nuclei of the hypothalamus with prevalent
environmental conditions. The molecular machinery generating circadian oscillations is based on
the transcription-translational feedback loop consisting of positive (CLOCK and BMALL1) and
negative (PER and CRY) elements, which inhibit the activity of CLOCK:BMAL1 complex, hence
they inhibit their own expression. The LD cycle is recognized as a very stable signal, which is
weakened only in modern age. During the day, people working in offices are exposed to much
lower illuminance in comparison to sunlight and after the sunset they are exposed to artificial light
at night (ALAN). The level of light pollution has been increasing dramatically over last decades
(Falchi et al., 2016) and recent studies suggest, that it can have negative consequences on human
health (Fleury et al., 2020). Among them deleterious effects on metabolic diseases are frequently
stated. Indeed, experimental studies show impaired glucose tolerance and glucose levels in rodents
(Dauchy et al., 2015; Russart et al., 2019) exposed to dim light at night. We have found higher
insulin levels and decreased expression of glut4 in spontaneously hypertensive rats that are insulin
resistant, implying further deterioration of their metabolic health (Rumanova et al., 2019). Another
our study in healthy Wistar rats showed increased hepatic glut2 expression after dimALAN
exposure (Okuliarova et al., 2020). Most of those studies are based on two-point studies sampling
of experimental animals during the daytime and night-time. Because of possible shifts of measured
rhythms, as a consequence of ALAN, the assessment of complete 24-hour profiles is needed.
Therefore, the aim of this study was to evaluate the changes in daily rhythms of glucose and genes
involved in the control of glucose metabolism after dimALAN exposure. Glucose entering the liver
via GLUT2 needs to be phosphorylated by glucokinase (GCK) to be processed in glycolysis,
glycogenesis, or pentose pathway. The molecular clock has an important role in the regulation of
glucose metabolism. Cryptochrome (CRY) proteins inhibit gluconeogenesis via the inhibition of
FOXO1, the important gluconeogenetic transcription factor. Moreover, the CRY cascade can be
inhibited by sirtuin 7 (SIRT7) in the liver depending on the body temperature (Liu et al., 2019).

Methods

Adult male Wistar rats were exposed either to the standard lighting regimen 12L:12D
(CTRL) or the dimALAN (~2 Ix) during the whole dark phase for 2 weeks. Samples were collected
every 4 hours throughout the 24-h period, with sampling starting at ZT6. Plasma glucose levels and
hepatic glycogen concentration were measured by spectrophotometry using diagnostic kits. The
hepatic expression of glut2, gck and foxol were assessed by real-time PCR. The western blot
method was used to measure the protein expression of SIRT7 in the liver.
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Results

All the measured parameters in the control group were rhythmically expressed with peaks
during the night (active phase) when nocturnal rats predominantly consume their food. Plasma
glucose levels in the dimALAN group lost their daily variation and the amplitude of hepatic
glycogen concentration was lower compared to controls due to higher concentration at the
beginning of the active phase. The rhythm of glut2 expression was phase advanced after the 2
weeks of dimALAN exposure. Glucokinase gene expression in experimental rats was higher in the
middle of the light phase and the beginning of the dark phase in comparison to the control group.
Expression of gluconeogenetic transcription factor FOXO1 also lost its rhythmicity after dimALAN
exposure and protein levels of SIRT7 were increased in the middle of the dark phase.

Conclusions

In conclusion, changes in expression of glut2 and gck after exposure to dimALAN can
reflect higher uptake and processing of glucose in the liver resulting in the increased hepatic
glycogen concentration during the active phase. Despite the higher expression of gluconeogenetic
factor foxol during the resting period and SIRT7 in the middle of the active phase, we did not
observe an increase in glucose levels. The lost rhythmicity of plasma glucose and foxol expression
in the liver, as well as phase advance of glut2 could be caused by changes in food intake in
experimental animals, which was observed in rodents after dimALAN exposure (Fonken et al.,
2010; Stenvers et al., 2016). In conclusion, the observed circadian deregulation of glucose
metabolism after the exposure to dim light at night could be a possible risk factor for the
development of “civilization diseases”, such as type 2 diabetes and obesity.

Supported by the Slovak Research and Development Agency APVV-17-0178 and VEGA 1/0492/19.
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Introduction

An exposure to artificial light at night is an increasing phenomenon during last decades.
Appropriately timed light information is essential for alignment of environmental cycles and
endogenous circadian rhythms. In our previous studies, we showed negative consequences of low-
intensity artificial light at night (ALAN) on cardiovascular as well as metabolic parameters
(Rumanova el al., 2019; Okuliarova et al., 2020). Moreover, we reported that ALAN can weaken
circadian control of daily variation of main leukocyte subsets in the circulation and affect immune
and redox homeostasis in the kidney (Okuliarova et al., 2021).

In rodents, leukocytes (Le) and their major subpopulations peak in the circulation at the
beginning of the light phase and reach a trough at the beginning of the dark (active) phase (Pick et
al., 2019). Leukocyte oscillations play an important role in the control of immune functions and
contribute to the time-of-day-dependent immune responses. It is generally known that organisms
display higher susceptibility to immune challenge at the transition point between their rest and
active phase as compared to other times of the day (Halberg et al., 1960; Marpegan et al., 2009).
Neutrophils (Ne) are key components of the innate immune system and major first-line mediators of
anti-microbial defense. For example, in process of respiratory burst Ne produce high quantities of
reactive oxygen species (ROS) to eliminate pathogen.

In our study, we investigated whether ALAN can affect time-of-day-dependent immune
response to lipopolysaccharide (LPS) in rats. We focused on Ne and analyzed the functional activity
of blood Ne, the numbers of Ne in the circulation as well as Ne infiltration into the renal cortex.

Methods

Male Wistar rats were housed either under control light/dark (LD) cycle of 12:12h or
exposed to low-intensity ALAN (L ~150 lux, D ~2 lux). After 2 weeks of ALAN, animals were i.p.
treated either with sterile saline or LPS (1 mg/kg) at the beginning of the passive (ZT2) or active
(ZT14) phase, respectively. Zeitgeber time (ZT) zero is defined as the beginning of the light phase.
Blood was collected from a lateral tail vein 24 hours post-LPS challenge and total Le count as well
as the number and functional activity of Ne were analyzed using flow cytometry. Eight days after
first LPS challenge animals were i.p. treated with the second LPS injection. Three hours later
animals were sacrificed and kidneys were used for immunofluorescence analyzes. The Ne
infiltration in the renal cortex was evaluated as the number of myeloperoxidase (MPO)-positive
cells.

Results

The daily variation with higher levels at ZT2 than ZT14 was observed in both the circulating
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numbers of total Le and Ne in control animals, while two-week ALAN exposure eliminated this
variation. The number of total Le decreased after LPS injection at ZT2 and conversely increased
after the stimulation at ZT14. Animals exposed to ALAN did not respond to LPS stimulation by
changed number of total blood Le. As expected, LPS treatment led to significant neutrophilia and
increased ROS production in Ne in both control and ALAN-exposed rats. Interestingly, LPS
stimulation at ZT2 primed respiratory burst of Ne in ALAN group but no priming effect of LPS was
detected in controls. Moreover, ALAN-exposed rats showed higher MPO-positive cell counts in the
kidney than controls at ZT2, and LPS challenge promoted Ne infiltration in the renal cortex in both
control and experimental animals. Rats exhibited lower Ne infiltration in response to LPS
stimulation at ZT14 compared to ZT2.

Conclusions

Our results demonstrated that two-week ALAN exposure affected daily variation of blood
Ne, and promoted Ne recruitment into the renal cortex during the passive phase. Peripheral
neutrophilia and renal Ne infiltration in response to LPS challenge was not affected by ALAN but
LPS stimulation at ZT2 primed respiratory burst of Ne in ALAN rats, indicating a risk of excessive
inflammatory response in tissues. Together, our data suggest that ALAN can interfere with timing of
innate immune mechanisms and chronodisrupted immune response can represent an important link
between light pollution and human health.

Study was supported by the Slovak Research and Development Agency APVV-17-0178,
VEGA 1/0492/19 and Grant of Comenius University UK/192/2020.
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The increasing level of ALAN, especially the blue-rich lighting in the neighbourhood of the
protected area, increases the risk of degradation of biodiversity and sky quality. We developed a
method for fitting radiation transfer models to ground-based and satellite measurements. The model

can then be used to predict the level of skyglow, especially the strong light domes of the strong
emitters for different weather and atmospheric conditions.
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Fig. 1: Weighted emission map representing the contribution to the artificial
sky brightness at the Zselic Starry Sky Park. The colour bar is on a logarithmic
scale in relative units. Normal atmospheric conditions. The axes are labelled
with the GPS coordinates.

We measured the spectrum of the dominant sources' light domes by a spectroradiometer and
then used these data in the radiation transfer evaluation independently for all significant sources. It
is also possible to use different light emission intensity distribution functions for each settlement or
other light sources. The sky radiance modelling is based on a Monte Carlo radiation transfer code
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that does not limit the scattering and reflection events. The model results can be calculated for
different spectral action functions; thus, it is possible to calculate risk maps for various species of
other applications.
There are several possible applications of our maps, for example:

e predicting the effect of planned lighting installations,

o predict the variability of risks or sky quality conditions for different weather or atmospheric

conditions,
e SWAOT analysis based on real conditions and trends.
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Fig. 2: Curve of growth: the contribution of sources to zenith brightness as a function of distance.
Relative units normalized to the maximum in the set.

As a side product, it is also possible to calculate a "curve of growth™, a representation of how
the actual radiance of the sky builds up as more and more sources are included with increasing
distance. Figure 2 displays the curve of growth for two different locations and atmospheric optical
depth. At the Zselic site, the primary source is Kaposvar, a neighbouring city. It is responsible for
the growth at 16-20 km, which provides 40-60% of the sky radiance. The next significant step in the
curve is another city at a distance of 45 km. There is no large city in the adjacent region; thus, the
curve is flatter.

We plan to use or method mapping all the Hungarian national parks and major protected areas to
provide a wavelength, weather, and atmospheric condition-dependent data for research in biology,
nature conservation, and landscape planning.
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