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Welcome from the Local Organising Committee

Welcome to Westport!

On behalf of Dark Sky Ireland, Mayo Dark Skies,
the Local Organisingommittee and our sponsors
gSQR tA1S (2 6St Q&AKAN &
conferenceand promisego be an enjoyable
occasion. Our venue lies close to the Mayo Dark
Sky Parkvhich won Dark Sky Place of the Year in
2024and | a4 GKS y2 NI KI$ G
TierDSPak S K2 LJS GKIF G @2 dz
our world-standard night skiesor simply to enjoy
the natural nighttime environment

ALAN202K | & 0SSy AY LINBLI NI GA2Z2Y F2N GKS LI ad dg
without the assistane of many peoplatthoughg SQR f A1 S (2 aAouat S 2 dzi
skilledconference organiser, Lisa Hallinan, who went above and beyond in terms of

commitment¢ thankyou Lisal £ 82 F o6A3 GKIFy]l @2dz G2 €t 2 dzNJ
around the venueand to Albert White for wrangling the abstracts into some sort of order.

Our jampacked schedule addresses the diversity of light at night researcinahudiesside

events with researchers, environmentalists, professional lighting designergjineersand

local authorities; all indicative of the broad scope of the issue and the need to work as a
diverse community in order to resolve the probleriige hope that you will enjoy some of

these events and, perhaps, also get to see the lighting changes m#uenearby town of
Newport which lies on the edge of the Dark Sky Park. Additionaétjming of the meeting

was deliberately chosen to precede the Mayo Dark Sky Festival, which will commence at the
end of the week. This is the ninth year of thestial and promises the usual wide range of
events and speakers: check out the programmengps://www.mayodarkskyfestival.ie/

CAylfttes 6SQR tA1S (2 SELINBaa 2dzNJ dKIFyla (2
Mayo County Council who have workedselywith us over the years and supported our

efforts to both protect the nightime environment and improve our towns. Weank the
Council for their continued support and generous sponsorship of ALAN.

The abstract book is ordered in terms of invited speaker contributions first, then contributed
talks and posters, both organised alphabetically by first author within tiespective
sections.

We look forward to hearing about the latest research over a wide range of fields, catching up
with old friends, and making new onegher at the meeting or an aftenours social setting

Enjoy the conference!

Brian & Georgia
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Welcome from theScienceorganisers

Welcome to the % Scientific Conference on Atrtificial Light at
bAIKGE '[! bunup Ay 2 SaiLR N3
diverse conference!

LiQa 3

With 144 submissions and almost 200 attendees, we have an
ALAN reord. As the interest in ALAN increases, the emphasis ¢
the ALAN conference is slowly changing. This conference is a
valuable place for researchers to discuss their projects with pe
from their own and from other disciplines. It is a place where
researclers from nature science and technology meet colleagu
FNRY &a20Alf aOASyOSa FyR Kdz LGdQa |
.dzi AdQa Ftglea AINBIG F2NI NSaSHNOKSNB (2 KIFQ
based practice. This year, we have a simatlhighly welcome group of lighting designers
who show how the need to reduce ALAN influences their projects. We also will hear how
science communicators increase awareness for the value of darkness. And we will hear
about the growing number of regulatie and legislation on light emissions.

We are also lowering borders. For a long time, it seemed that there are two faetitinia

the ALANcommunityy G KS GAYyRdzZaAGNEE ¢gK2 ¢glyta fAIKG F2
GRIFNJ] &1@& RSTSy BiShieEkies dark ® seg the/siars ndl pritest nature.

Reality gives us another picture. As our nights get brighter, we value subtle lighting designs.

We understand the real consequences of ALAN and question thepleaghed benefits of

artificial light.Does more lighteally makes us safer? Do wedothe beauty of our cities if

S R2y QG AffdzYAyldS GKSY ONARIKGE K

In the coming days we will hear arguments for a more careful use of ALAN. We will have
time for exchangsbetween researchers, communicatorsaptitioners, and activists. We
will have lots of scientific talks about the newest ALAN results, but we will also have
workshopX ®nd there will hopefully still be enough time to just talk over a cup of tea or
coffee (or a good pint). Together, with odifferent ways of thinking ashacting, we will

bring chance to the world around us.

My thanks go to the local organising team from Dark Sky IredaddViayo Dark Skiegho
worked hard over the last two years to make this conference happen. And thanklyou al
being part of ALAN2025!

Best wishes
. /;;/// 77 R
/ - £ I//— B

&
¥

Annette KropBenesch
co-chair steering committee
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Darkness and Artificial Light at Night: Towards Better Coexistences
Theme: Society
Nick Dunn

Lancaster University, Lancaster, Unitddgdom
nick.dunn@lancaster.ac.uk

Biography

Nick Dunnis Professor of Urban Design and Director
Imagination, the desigied research centre at Lancaste
University, UK. He is also a Director of DarkSky
developing more sustainable relationships between tl
built environment and the night, as well as éxjing ways
to promote wider and inclusive participation with dar
skies. Nick is the author @fark Matters(2016) andDark
Futures (2025) and ceeditor of Rethinking Darkness
(2020) andDark Skie$2023).

Enchantment with the night sky is woven into th
story of what it means to be human. The history of o
connection with dark skies is rich and diverse. It r
shaped and been shaped by culture, religiscience,

and society. In addition to the scientific knowledc
that astronomy provides, artists, poets, an
philosophers have been inspired by the stars, moc
planets, and universe. Throughout history, dark sk
have provided an important domain in whiale look

for meaning in our lives. Yet many of us can no loni
access the wonder of a starry sky, if indeed we he
ever had the opportunity to experience one. In an e
of climate emergency, we need to fundamental
rethink what we do, how we do it, anghy.

Embracing darkness is about so much more tk o Th Lol
tackling light pollution. In this talk, | will explain ho Fig. 1. The nocturnal city as a stage
.\ . . : .Hulme Park, Manchester, 10 March 2C
it is connected to everything. Our ideas and ingenui :

. . o © Nick Dunn.
our relationships and responsibilities to others, ol
innovations and their implementatim Together, these represent our capability to flourish or
perish. However, for as long as we have been around as a species, we have struggled with
darkness. From our primeval origins to the present day, the dark is widely comprehended as
unsettling. To relaim the dark as a source of positive, progressive conceptual thinking is no
small task. It compels us to look deep into ourselves, our histories, our cultures, and our

values. It may be uncomfortable for us to question the structures and fabric of ¢ief$and
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our societies. Yet | propose it is a vital key to unlocking a rebalanced relationship with each
other, our countless nonhuman neighbours, and the planet.

Rather than more and more where artificial light at night is concerned, are we capable of
having a different relationship with darkness? In the context of many cities in the West, and
increasingly in urban centres elsewhere, darkness is unwanted, connected as it is to negative
cultural and historical associations alongside contemporary attittiolards fear and crime.
Certain values of light and its implications of clarity, cleanliness, and coherency have since
been transferred across the global experience of culture more widely. This has resulted in a
decline of how we perceive and understandkizess, to its detriment. Recent technological
developments have been quick to set out their benefits, often with an emphasis on economic
savings, without worrying too much about the other costs that artificial light can have. We
have astonishing levels bfht in numerous aspects of our lives, yet the growth and change
of source of this artificial luminosity have largely gone unnoticed by most people, while for
some it has serious detrimental effects.

What does this mean for us and our cities in the twefitst century? Light still invokes notions

of disclosure, surveillance, and security. Positioning darkness as a positive agent for
architecture and urban design brings forth an urgent need to better understand the value of
different coexistences of lighshade, and dark to the public. This will enable us to provide a
socially equitable and environmentally desirable future that promotes civic life differently
from businessasusual approaches. Recent shifts in understandings about darkness suggest
an oppatunity for designers, policy makers, and communities to shape the nocturnal world
anew.

To achieve this requires a major rethink in how we perceive the built environment and
darkness. Before that, we need to question what we value and desire. Respdiggiliieg

and careful choreography of darkness in urban places can provide important conditions for
creativity, culture, socialising, and health and weding. Rather than flooding the urban fabric
with bright artificial light, curating illumination so th& enhances the qualities of place and
supports the collective life withintithuman and nonhuman must form a central tenet of

how we design for nocturnal citizenry. We need fresh approaches to change the prevailing
mindset and encourage us all to reimagiand reconfigure cities between dusk and dawn.

We already speak of green and blue elements in our cities, spaces and infrastructures that can
enhance biodiversity, mitigate climate change, and improve human health andeamrl. If

we consider dark skeeas a type of natural infrastructure, with comparable benefits, then we
can understand how reimaging urban nature as one of daytime and nocturnal rhythms is a
gateway to an entirely new conception of nightlife in cities.

Restoring dark skies in cities wduenable a more cohesive relationship between built
environments and natural ones rather than the sharp distinctions that currently influence our
thoughts and actions. Beyond the important preservation and conservation of existing dark
sky places, forgingnew ways to darken urban environments would make a significant
contribution as part of a holistic approach towards better coexistences between light and
dark, human and nonhuman, built and natural environments.
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Assessing Large Regions Using Light BoliuModels: Strategies and Limitations
Theme: Measurement and modeling
Hector Linares Arroybd, Eduard Masan's, Manuel Garci&iP, Martin Aubé

! Institut de Ciéncia dels Cosmos {BIEEC), Barcelona, Spain
2 Departament de Territori, Habitatge i Transicié Ecologica, Generalitat de Catalunya, Spain
3 Département dé&séomatique Appliquée, Université de Sherbrooke, Canada

hectorlinares.lightpollution@gmail.com
" presenting author

Assessing light pollution lexsebver large regions (80 km2) is a complex task. The high
variability of sky brightness due to atmospheric variations, distance and orography, requires a
dense grid of assessment locations. Using graomskd instruments would necessitate a
network of hundreds, if not thousands, of devices. Satellite data provide information of the
light emitted upwards but not the light pollution level experienced from the ground.
Numerical light pollution models offer the best approach to address this challenge [1].

In recent years, we have developed a methodology for assessing large areas [2] with the
lllumina model [3] serving as the basis for computations, using satellite imagery [4] to estimate
light source characteristics. We applied this methodology to Catal¢83000 km?2),
generating a zenith sky brightness map with a 5x5 km sampling grid, and to the province of
Tarragona (6,000 km?2), refining the resolution to 1x1 km [2].

In 2024, an extensive campaign was conducted to gather detailed information on street
lighting systems across all municipalities in Catalonia. Here, we present two new zenith sky
brightness maps of Catalonia, now at an improved spatial resolution (1x1 km grid): one based
on the detailed street lighting inventory and another derived fromedlde imagery.

Comparison with grounttased measurements indicates that the street lighting inventory
provides a more realistic representation than sateliterived estimates. Being the most
probable reasons poor spatial and spectral resolution of sea@thages. These results further
highlight the need for improved nighttime satellite missions tailored to light pollution studies.

Building on these findings, we refined our methodology by integrating both datasets based on
land use, considering stredighting regulation strategies and domestic lighting to generate a
third zenith sky brightness map of the region. Additionally, we explored optimal approaches
for assessing nigkeky quality over large areas beyond the zenith direction.

References

[1] FabioFalchiet al., The new world atlas of artificial night sky brightne&ss. Adv2, e1600377(2016).
DOI10.1126/sciadv.1600377

[2] Hector Linares, Eduard Masana, Salvador J. Ribas, M@awelaGil, Martin Aubé, Alejandro
Sanchez de Miguel, Alexandre Simoneau, Assessing light pollution in vast areas: Zenith sky brightness
maps of Catalonia, Journal of Quantitative Spectroscopy and Radiative Transfer, Volume 309, 2023,
108678, ISSN 00273, https://doi.org/10.1016/].jqsrt.2023.108678.
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[3] M. Aubé, A. Simoneau, New features to the night sky radiance model illumina: Hyperspectral
support, improved obstacles and cloud reflection, Journal of Quantitative Spectroscopy and Radiative
Transfer, Viume 211, 2018, Pages 23, ISSN 0022073,
https://doi.org/10.1016/j.jgsrt.2018.02.033

[4] Alejandro Sanchez de Miguel, Christopher C.M. Kyba, Martin Aubé, Jaime Zamorano, Nicolas
Cardiel, @rlos Tapia, Jon Bennie, Kevin J. Gaston, Colour remote sensing of the impact of artificial light
at night (I): The potential of the International Space Station and other b&tdl platformsRemote
Sensing of Environment, Volume 224, 2019, Pages-1082 ISSN 0034257,
https://doi.org/10.1016/j.rse.2019.01.0303
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Updating light metrics as a tool to better align light to biological need
Theme: Society
Robert J Lucas

Division of Neuroscience and Centre for Biological Timing, Faculty of Bitdolygine and
Health, University of Manchester, Manchester M13 9PT, UK

Robert.lucas@manchester.ac.uk

ST S \

£
-
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Biography

Rob Lucas is the GSK Professor of Neuroscience at the University of Manchester. He runs a

research lab Https://lucasgroup.lab.manchester.ac.yikstudying mechanisms of light
detection in animals and the multiple ways in which light influences their behaviour and
physiology. He has a lomsganding interestin updating methods of light measurement to
improve their relevance for biological responses beyond human vision.

Atrtificial light sources vary not only in their total power output but also in how that power is
distributed across wavelength. It followsat meaningful quantification must account for such

differences in spectral quality. Because biological photosensors are never equally sensitive to

all wavelengths, predicting effective biological dose requires a wavelength weighting function
that descrbes the spectral sensitivity of the biological process under consideration.
Accordingly, the SI metrology for light, which provides measures of illuminance (units=Ix),
luminance (units=Cd/A) and luminous flux (units=lumens), employs a wavelength weighting
function calledV(<) that assumes peak sensitivity to light at 555 nm (green). Now 100 years
od, (<0 A& Iy ARSIFIfAT SR STTAOFOe Odz2NBS T2NJ
observer in bright light. HoweveN(<) does not provide a good appraxation of the
wavelength sensitivity of other important biological responses to light. The capacity of light to
suppress sleep and shift the circadian clock in humans is shifted to shorter (bluer)
wavelengths. Meanwhile, nehuman species show great vai@t in wavelength sensitivity
depending on both the species and the type of light response under consideration. It follows
that, while matching the luminance of diverse lights can make them appear equivalently bright
for humans, they may have very diffetteability to disrupt our sleep and impact the biology

of wild life. I will describe initiatives to update light metrics to address this problem and how
these better align lighting design to biological need.

ALAN 2025
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Coastal light pollution: a multstressor pespective
Theme: Biology and Ecology
Elena Magdi"

! Dipartimento di Biologia, University of Pisa, Pisa, Italy
elena.maggi@unipi.it
" presenting author

a2NB (KFry ww: 2F GKS g2NIRQa O2lFaidftAyS Aa O
permanentlight sources such as streetlamps used in towns and ports for recreational or safety
purposes (Davies et al. 2014; Ferretti et al. 2025). This results in Artificial Light At Night (ALAN)
intensities ranging from 0.1 to 22 Ix at the sea surface (Gaston2043). The impact of ALAN

remains detectable at depths of up to 10 m and can even extend to 20 m undemaéar

conditions (Smyth et al. 2022).

Light pollution, however, represents just one of a growing suite of threats to coastal
ecosystems; in factcoastal habitats are increasingly affected by urban sprawl and
disproportionately exposed to multiple anthropogenic stressors, as well as to the effects of
climate change (Krishna et al. 2025). This highlights the urgent need to frame studies on the
ecobgical impacts of light pollution within a muktressor framework, grounded in robust
experimental protocols. Such an approach enables a better understanding of whether the
effects of light pollution act additively, synergistically, or antagonisticatly mespect to those

of other stressors (Crain et al. 2008).

Since the ultimate goal of an ecological approach to such topic is to preserve ecosystem
functioning and health, it becomes imperative to focus on species of ecological relevance, such
as habitatforming species. In coastal environments, these notably include key primary
producers such as macroalgae and seagrasses.

In the MediterraneanPosidonia oceaniciorms extensive meadows in coastal areas, where

it is exposed, among other stressors, to riitjme light pollution (Dalle Carbonare et al. 2022)
and anthropogenic noise (Solé et al 2021). The effects of these pressures may cascade through
the biodiversity associated with the meadows and the biological interactions they sustain.
Again, along the arine coasts, several brown macroalgal species are also capable of forming
extensive beds, modifying environmental conditions and creating habitats for a wide range of
organisms. Among these, the invertebrate communities associated with the algal canopy
remain relatively poorly studied, as do the potential cascading effects of ALAN on them.
Furthermore, little attention has so far been given to how ALANd any other additional
coastal stressar may, over relatively short timescales, affect the microbial oamities
associated with these habitdbrming species, generating additional indirect effects that
could interact with the direct impacts of light pollution. Examples of such approaches are
currently carried out within the AquaPLAN project and other in&tional collaborations.

References

I N} Ay [ aX YNRBST SNJILYy=( 9 NI QISANF'S . {y B nOdaydzt | G A @S STFT
AY Yl NR ySsO 2R 4 S fmodwmm Y

5FtfS /INDP2YyFENB [ . lF&aAfS 'S dhA YRAzES2SHA & SRS CE
{ONI Yyl !|'% SOOKSRYEGMDAdzy (2f A 5AY [ NONEAOACE o IABXA
3SyS SELINBaaAiAzy NKeiGKYa FYyR INRBgOIK{DOYX wSiLSe &St
MOYMACHDA
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Protecting the Night: Towards Coherent Legal Frameworks for Light Pollution Mitigation
Theme:Governance & Regulation
Yana Yakushifa

1 Ghent University, Ghent, Belgium
Yana.Yakushina@UGent.y&.yakushina@gmail.com
" presenting author

In recent years, light pollution has emerged as an increasingly important issue on legal and
policy agendas worldwide. It poses a growing concern due to its-kgioiging impacts, from
obstructing astronomical research to contributing to environmental degradation and
adverse health effects on humans and wildlife. In response, several countriess &wmpe

and beyond have begun introducing regulatory measures aimed at mitigating light pollution
and promoting more responsible lighting practices [1].

Despite this positive momentum, regulatory approaches remain highly fragmented. Legal
frameworks difér widely between jurisdictions, and many still lack comprehensive or
enforceable provisions [2]. These inconsistencies create significant regulatory gaps, which
undermine both the enforceability and the overall effectiveness of efforts to combat light
pollution. Moreover, a lack of coordination between local, national, and international actors
further limits progress. Given these challenges, there is an urgent need for more coherent
and harmonised action. A unified approach could significantly strengthemipact of
regulatory efforts while still allowing for flexibility to accommodate local contexts.

The presentation provides an overview of current regulatory developments, highlighting
prevailing trends and key obstacles. It draws on a developed atassifi of regulatory
approaches to nightime protection and includes visually presented maps illustrating which
countries have adopted such regulations [2]. The presentation also explores practical
guestions regarding the legal framing of light polluti@rether it can be considered a form

of pollution, whether the night may be regarded as part of nature, and what regulatory
approaches could most effectively support nigime preservation [3]. Finally, it concludes
with practical recommendations for impving regulatory effectiveness without requiring
major legislative amendments, which might otherwise face resistance from governments at
various levels.

References

w8 I 1 dz& K,)kt,yél-:-FZ,Z NId> atdX RAINIFA Y Z [/ ®Z SiG FEf® 6HnHNO
RI'NJ] | YR KjudzALSa0Y kak] RAZSAAdE2 NHK M1 PpHY MK SY2ZR2dmMnpccMHPp
WH B I-Alqlzéfgxf(ﬁ,Z,Lszbfdzﬁlvﬂl&yomﬁﬁtﬂzﬂl-GAQ}/é I-)/IQA é,KSNB 02
alylFr3ISYSy i Koutuolia YMKHKORTZPATOR NHK MA PmamMc K SP2SY DY Yy DH
wo®8 ,F1dzZAKAYlFYI ., ® 6H/KSp OKIEKSySIBRI2EISINERKIY LRK i \Yzi

SYGANRYYSyil ¢ £ S3l ¢ O2y GSEG® W2dzNY | f 2F 9V DA N
KOGLIAYKKR2APZNBKMAdOMngpok 2SSt kSl Faup
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Contributed Talks & Posters

(Note that theabstractsare ordered alphabetically by first author
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Studying bird response to light in multiple spectral bands using weather surveillance radar
and remotelysensed ALAN

Theme: Biology & Biology and Ecology
Carrie Ann Adani€” and Kyle Hortoh

! Purdue University, West Lafayette, United States
2 Carleton University, Department of Biology, Ottawa, Canada
Ca.adams.ecology@gmail.com
" presenting author

Introduction

The rapid conversion of outdoor lighting to light (a) LED emissions

emitting diodes (LEDSs) is contributing to increaset it
ALAN emissions, especially the shorter (bluer)| Glimmerimager, Red
wavelengths (Figure 1&8anchez de Miguel et al.

2021) Many species have higher visual sensitivit £
to shorter wavelengths, and blue light may attract 2 ¢ e
more nocturnally migrating birds and increase ®
collision mortalities (Figure 1k orgcore 2023)
However, our primary means to measure ALAN at
national and global scale observations based or
the Suomi VIIRS Da&light Band 1 lack of o - s
sensitivity to blue light (Figure l1a). Our project Wavelength (nm)
objectives are: (1) create a multispectral | (b)Avianspectral response

Correlated
Color
Temperaute
(CCT)
3000K
4000K
5000K
6000K

0.8%1
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Proportional em
o
N
=

nighttime light product for ALAN research and = // '\ s_pegcgamgn N
monitoring in the new age of LEDs by integrating 3z o7s ; Red-billed
DNB observations with newer data sourcé®) @ § (g LN
leverage this enhanced nighttime light product, in 2 % . .
combination with continentatscale data about| 2 o : :
bird migration, to create gidelines for tuning the ' \
spectra of LED lightand prioritizing efforts to e B r—
reduce light pollution across urban, rural, and Wavelength (nm)
remote contexts. Figure 1.Spectralcomparison of light

emissions by LEDs, sensitivities of avie
Methods species, and sensitivities of VIIRS DNE

For the first objective, we are using radian(:ez_”d _C;'s_ens‘;r@‘a IESSeCt][a' power
measurements from the red, green, and blue Istributions for s otvarying

. correlated color temperatures. Note the
spectral bands of the Sustainable Developme prominent spike in proportional
Science Sate!llte 1 (SDGS‘NB_Qa _Df A YYemissions in the blue wavelengths.
(GI) sensor (Figure 1b), where itis available, to trayertical lines represent the sensitivity
a neural netwok to create a multband predictive | range of the VIIRS DNB and Gl sensor
map of ALAN (MBRLAN map) across the Visual spectl response curves for two
continental US and southern Canada. The neurpasserine (colored lines) arad non
network will make ALAN predictions in the blugepasserine (grey lines) avian species

green, and red bands by combining BM data wit/(Longcore et al. 2023).
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hyperspectral imagery from other NAS,” . e - ke
missions (PACE, EMIT, and DESIS)| o e o %, Lk “”
remotely sensed metrics of othef- %o 0 0¢ o T

- - y .’ -Q '\.n:—L
human dimensions known to beg )
associated  with bandspecific

emissions.

Migrant stopover
density

For the second objective, we are usin
measures from weather surveillance
radar (WSR) to quantify the effects ¢
ALAN total radiance and radiance <

each spectral band on stopover densitCA 3dzNE H® [ 201 GUredtahdh 2 F
and airspace use by avian migrant/ I Y+ Rl Q& oo 60f dzS0 ¢SI

aaoss the continental US, and we arradar-based predictions of migratory bird stopover

expanding these raddsased maps of|densityinthe U® / 2 f 2 NE NB LINB a
bird migration into Canada. We areWWSRbased predictions of stopover density (2023)

testing whether (a) more migrants ar EW_e are extencjmg stopover density and aéri .
. ... migration traffic maps into Canada and studying h
attracted to stopover in areas with .
. red, green, and blue ALAN affects stopover densi
shorter wavelength (bluer) light; (b) the

effect of incremental increases IALAN diminishes as total radiance increases; and (c) light
sources in rural areas attract more birds, per unit ALAN, because of higher contrast with
surrounding darkness. We are using the SDGISE&T product to study response to light in
multiple spectrd bands, and we will also use thHdBRALAN map upon its successful
completion.

L lowest highest

Conclusions

Many recent studies have leveraged the combination of the VIIRS DNB sensor and more than
two decades of bird migration data from weather surveillance radar to saktistyy advancing

our understanding of the temporal and spatial dynamics of bird migration in a changing world
(McLaren et al. 2018; Horton et al. 202BY integrating multiple remotsensing products to
measure ALAN in multiple spectral band and expapdadarbased migration maps into
Canada, we will fundamentally advance our understanding of how the global conversion to
LEDs is changing the spatial dynamics of bird migration
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Impact of norruniform lighting on gaze behavior and pupil size: A gender specific study of
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Introduction

Street lighting is viewed as a key supporter of night tir
GFSSEtAYT 27T edéstriahsS (K lighting
parameters such as light level (brightness), uniform

and color temperature are known to influenc

LISRSAGNRFYQa FSStAy3a 27F
the streets (e.g., prospect or visibility, evenness
walkway) also @ntribute to feeling of safety.

Lighting uniformity in particular is an important factc
in street lighting design as it often dictates fixtur

selection and polepacing. Directives for uniform (&) Walkway A, clear prOSpeCt unifor
lighting and cost constraints often imply that fiXtUre ey

with low shielding angles are used and/or paleacing
may be reduced.

This study investigates how lighting uniformity affec
LISRSAUNAIFYaQ LISNODSAOSRr
settings where environmental threats are minimal ar
pedestrians are not engaged in goalirected

movement. In such contexts, social cues, particule
the visibility of other pedestrians, become more saliet
Ly GKAa addzRexz ¢S O2YLJ
pedestrians on two seperate liesure walkways wi
uniform and nonuniform lighting based on gaz:

between distant and near passby indicate agxejzc
GKSNBE 0aSyO0OS 2F | yEASG
alF FSGeé o

lighting

(b) Walkway Bglear prospect, non
uniform lighting
behavior. Unsettled gaze patterns, frequently switchil Fig. 1: Two leisure sites being used f

the study (location, Ahmedabad,
India).(Image for Walkway A from
Gujrat tourism website)

aFS¢

In addition to gaze behavior, variability in pupil size would suggest if uniform lighting offers
any significant adapation and visual acuity related benefits given the gaze patterns being

exhbited by the pedestrians.

Methods

This field study is being conducted in two leisure areas in Ahmedabad, India, which are similar
in physical layout and social context. Both offer unobstructed views and smooth walkways,
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minimizing nondlightingrelated sairces of anxiety. However, they differ significantly in
lighting uniformity: Walkway A (E_min/E_max = 0.67) and Walkway B (E_min/E_max = 0.18).

t F NODAOALI yGAaQ 3IFT S 06SKIFEGBA2NI YR LlzLIAE -aAl § |
tracking devices, ahg with GPS trackers to monitor movement speed and location. The study
design draws on the triad framework for urban light{dgdon, Haans, and de Kort 2028ijich

posits that lighting can influence pedestrian attention directly (via visual contrast) and
indirectly (through changes in arousal, alertness, or anxiety). By holding environmental factors
constant, we aim to isolate the effects of lighting uniformity.

Conclusions

Data collection is currently underway. Due to weathelated delays, only Walkwag has
been studied so far. Eight participants (4 women, 4 men) have completed the protocol, and
data analysis is ongoing.
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The night sky has been a human experience throughout hunstorij but true darkness and

starry skies are very rare due to light pollution. Also making it unlikely for most people to
experience; Dark sky areas are often remote and inaccessible. This raises the question; Could
public, accessible dark sky experiencesate awareness about the issue?

tKAa tNR2SOl F20dzaSa 2y ! RIYQa LISF1=Z {NR [}
Jft26Ff FTGAONI OGA2yd az2dzydlFAy LISF] 6AGK az2O0Az2
KSNARGI IS fAAGSR gAf Rt ATS &l otheiwdzld Ndvebthasel f 3 NR Y
trails during dark hours, to experience the sunrise from the summit. Close to 20000 visitors on

a single evening at weekends or holidays. Light pollution is one of many anthropogenic effects

that disrupt the ecologically very setige environment.(UNESCO World Heritage Center,
2017)(Ministry of Wildlife and Forest Resources Conservation, nBit one that could be

and should be mitigated. The project is an exploration aesigh attempt for the question

Gl 2¢ G2 I OO0 2 MnvezhRihglirSnatyrdl 8rkiibnments with responsible use of

f AIKIKE

The project is practicbased research where the outcome is a design proposal aimed at
solving an issue with a holistic approathe research synthesizes existing knowledge to build

a framework for the design proposal. Theoretical research is mainly on human / other species
vision and light pollution mitigation strategies. Conducted surveys and mapping allowed real
world data to inbrm about the human presence, their needs and topographical nature of the
context and trails. The process of developing a design proposal as a pilot for dark sky friendly
environments align with a solutieariented approach.

The design proposal presentsalistic perspective on the issue. Allowing anthropogenic light
to minimize its impact on ecology, and to create a unique experience for the travelers.
Throughout the proposal, utilizing varied scenarios allows lighting to be functional throughout
the night, while minimizing its impact. Another key element is the attention to responsible
outdoor lighting guidelines from several resourcegDepartment of Climate
Change,Energy,the Environment and Water, 204Bjck, 2016)Taking advantage of the
human scotopic vision; the use of red light to minimize impact on the ecosystem and to create
a spiritual dark sky experience for the travelers is also intrig@®ao, 2013)
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Fig. 1: Top Left: During daytime from a distance (Source: Author), Bottom Left: During nigt
current level of light pollution. *Entire view is with in the wilderness sanctuary. (Source: Pa
Sandaruwan; used with permission), On the right: a s&dtions above Upper Montane Rain
Forest, closer to the Summit. During daytime and with proposed linear luminaires, along the
handrail; utilizing red light. Mitigating impact of ALAN (Source: Author)

In conclusion, the proposal should be tested in +idal conditions for further development.
However, it also sets a precedence on possible approaches to a complex context. Conservation
through utilization and hence creating awareness is the key congidera
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Introduction

Light pollution is defined as excessive or misdirected artificial lighting. With prolonged
exposure it poses serioumnvironmental, ecological, and health challenges. Artificial light
pollution disrupts natural ecosystems by altering animal behaviors such as navigation and
feeding cycles, predateprey interactions, pollination patterns [1]. In addition, it impacts
human circadian rhythms, leading to health issues like sleep disorders triggered mainly by
melatonin suppression and diminishes the visibility of celestial objects [1][2]. Bar4 and-Castro
Torres (2024), documented that light pollution is increasing at an atgymate. Data shows
that urban artificial light pollution is growing rapidly at an annual rate of 9.6% [3]. This growing
trend warrants the urgent need for better technologsed solutions tailored to reduce
excess indoor and outdoor lighting. Current apgches, such as replacing traditional lighting
with LEDs fail to address the issues documented above [2][4] and adaptive solutions that
minimize energy use and environmental impact are underexplored.

Existing lighting solutions focus on using enezfficient lightings and enforce
regulations to limit oveillumination and light trespass. However, these strategies remain
insufficient because of the following reasons.

Limited CustomizationCurrent solutions often lack contegpecific adjustments, such as
adapting light intensity to suit activity in progress or environmental feedback [3][4].

Partial Mitigation:Technologies addressing skyglow and glare remain underdeveloped [4].
Lack of Adherence to Standar@urrent solutions lack feedback mechanisms teat adjust
lighting using activity based recommended settings from standards organizations like the
llluminating Engineering Society (IES) or other international standards.

Design

The proposed design is for an innovative smart luminance management sjtsa¢m
integrates a Raspberry Pi controlled central controller with a touch enabled display and
multiple edge units with a luminance measurement sensor along with the camera and a
sophisticated software module to dynamically regulate lighting based on tgdativprogress
and ambient conditions. Core features of the solution include:

RealTime Luminance Adjustment Based on Standaft& solution has the functionality to
set luminance levels based on standards for different indoor and outdoor spaces.

Energy GnservationBy adapting to activity levels, the system prevents ellemination and
minimizes energy wastage.

Modular Reference Desigihe proposed design is modular that can be extended and
customized based on the requirements of different use cdsesidential, commercial, office

& outdoor) and scaling needs.
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Central Control UnitThe central control unit, powered by a Raspberry Pi controller and a
touchrenabled display, will serve as the system's brain, coordinating the operation of edge
devicesand functions as a configuration and status display module. This unit will communicate
with edge devices using WA, allowing for centralized management of luminance settings.
Users can configure arespecific luminance levels or opt for the auto mode,iethadjusts
lighting based on applicable standards for area type, activity, and ambient lighting. The central
control unit will also serve as a status display module that displays all edge devices' states. The
system will also store and analyze historidata, enabling advanced optimizations, such as
forecasting usage patterns and providing suggestions for luminance levels if the device is
configured in manual mode.

Edge Device (SwitchJhe edge device, installed as a smart switch, will be equippedawith
Raspberry Pi processor unit, an integrated camera, and a luminance sensor to manage lighting
in each area locally. Each edge device will operate-semonomously, with localized decision
making capabilities for immediate responsiveness to motion owiigtiThe luminance sensor

on each edge device will provide feedback on actual lighting levels, ensuring that lighting
meets the centralized settings or adapts to changes in environmental conditions. The camera
in the edge device will capture video framasd the software module running on the device

will parse the video frames individually and process them using OpenCV [7] computer vision
models to extract the silhouette of the actions in progress. These silhouette images will be
processed using advancethachine learning algorithms to identify ongoing activities, enabling
activity-based luminance adjustments. For example, the system can dim lights when detecting
passive activity like sitting or napping and increase brightness during active tasks likegreadi
or exercising. This capability extends outdoors, where motion sensing and activity detection
can optimize security or other outdoor lighting to minimize glare and skyglow. The
decentralized approach used in the design ensures scalability and redugastiessing load,
creating a robust, adaptive lighting system suitable for all applications. Since security and user
privacy are essential, the system is designed such that only the silhouettes are extracted from
the videos and the raw videos are not stdranywhere and will be discarded after reahe
processing.
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Light pollution affects bat populations, especially of the shrartge echolocators (SRE) which
include theMyotis, Rhinolophusind Plecotus Light can affect their hunting behavior in two
ways: it can have a positive impact with insatiracting streetlghts and creating areas of
higher prey densities; or it can have a negative impact with bright areas being avoided by bats.
This avoidance behavior can be very problematic by modifying their flight routes and requiring
sometimes significant detours in ord® reach dark areas. Here we investigated the reaction
towards three lighting modalities of European bats.

¢KS aiddzReé dFr1Sa LIXIOS 2y T YdzyAOALI EAGASE 4.
recorders are placed, 43 under streetlight and 43 ifituron-artificialized areas. These plots

form ImpactControl pairs. We applied for each Impact site one of the three modalities: no
extinction, partial extinction (between 23 p.m and 5 a.m) or total extinction (all night). Each

bat contact was recorded ti a SM4bat with one night of recording by site betwee# 16ne

and 15" August 2024. The records are analyzed by Tadarida R andegmified. Then, they

are manually analyzed if the doubts were too important, to be assigned to a species. Then the
datais analyzed with the version of R 4.4.2., using GLMM and by studying the bat species
grouped into guilds:

1 Longrange echolocators (LRE): emit long, loud-foequency calls, allowing long
distance perception. They can fly at high altitude in an open enkient.
1 Mediumrange echolocators (MRE): include intermediate species. They are often
adapted to anthropization.
1 Shortrange echolocators (SRE): emit short, faint, Higlquency sounds. They fly in
closed environments and are sensitive to habitat connectivity.
The results show contrasted behavior between the three guilds. For the MRE, there is no
significant diffeence between the three modalities of lighting. It is an expected result because
they are ubiquitous species, adapted to urban environments and they are known for their
Kdzy GAy3 o0SKIFIGA2NI ySIN aGdNBSG fFYLaA® ¢ KSNB
moRIf Adeé o0CAId X0P ¢KS fAIKGAYI Y2RIFIEAGASA R:
F2NJ GLI NOGALFE SEGAYOGAZYE SKSNB GKSNB | NB f 8§
O2yOSNYyAy3aI GKS {w9d ¢KS O2yil tyhigherdhanitiesed G 2 4 I |
gAOK (GKS G2 20KSNJ Y2RFEfAGASAY aLI NIALFE YR
SRE behavior even when there are only three hours of lighting, leading for an abandonment
of the site for the entire night.

Light can baised advantageously by some bats. The concentration of insects at the level of
the street lamps are indeed an easily exploitable resource, which will attract the species of
non-lucifugous bats. It can then be observed that individuals are concentratduegbdints

and a virtual desertion in the dark areas. This impact on the distribution of
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is not negligible, which can lead to an increase in mt@ inter-competition

flight routes and a reduction in the presence of insects in the dark areas. In additidar

the light, studies suggest that insects will tire more quickly and die, thus reducing biomass
available for bats. Conversely, for lucifugous species, bright areas will be avoided. This can
lead to the use of more energptensive flight routes, antherefore less good reproductive
success, or even the abandonment of hunting areas and therefore the isolation of populations.
For these species, the illuminated areas represent sectors of too high exposure to the risk of
predation. As for the lodgings, weral studies have shown that lighting can lead to the
abandonment of the lodging. To conclude, total summer extinctions, and even if they are not
implemented all year round, seem to be the most beneficial measure and appear to be very
effective in theirmplementation time. They even seem to completely cancel out the effect of
street lamps. Indeed, our results show no significant differences in activity between the
Control plots and Impact for the total extinction modality.

Comparison of marginal means according to lighting modalities and guilds
LRE MRE SRE
E

e

mmear
et o
-

Margnal mean [emim

No extinction Partial extinction Total axtinction No axtinction Partial extinction Total extinction No axtinction Partial extinction Total extinction
Lightng madalties
1 Dars represent confosnce interals

Fig. 1: Marginal means of batcontacts per modality and guild. Two different letters mean a
significant difference.
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Physically based modeling of artificial sky brightness has improved significantly over the four
past four decades. The first models were limited to the first order of scattering. But in the
early 2000s, Aubé et al. demonstrated that the addition of theoadlcorder of scattering was
essential. Its contribution can be even greater than the first order of scattering under certain
conditions. Recently, Kocifaj et al. showed that for an observer located far from the sources,
or for a turbid atmosphere or for st wavelengths, second order of scattering is not
sufficient to properly model the sky brightness.

In light of this new information, we decided to include the third order of scattering in the
lllumina model. Modeling the second order of scattering by tegcing was already
computationally demanding. Adding the third order of scattering is even more cumbersome.
To limit the computation time to reasonable values, we optimized part of the Illumina kernel.
More specifically, for both the second and the thaxter of scattering, we are extrapolating
high resolution radiance contributions by using a set of six low resolution computations. We
also implemented a dynamic activation of the second and third order. There contributions are
only calculated when they arsignificant. These model enhancements are released as lllumina
v3.

In this paper, we performed a first numerical experiment by sequentially activating the first,
second, and third order of scattering to infer their relative contribution to the sky bmiggg.

We carried out the calculation for a specific case corresponding to a real situation. The
observer was located at Mo#légantic observatory in Quebec, Canada. This particular
geographic context is characterized by a small amount of lighting fixtuitsn a 10 km
radius, then a small city called Lac Mégantic (pop. ~6k) 25 km away and finally a larger town
called Sherbrooke (pop. ~1K)060 km away. Most lighting systems have amber spectrum and
are full cutoff in a radius of 28km and Sherbrooke isylia mix of High Pressure Sodium (HPS)
and amber LEDs. The rest of the territory is assumed to be lit with HPS and 4000K LEDs. We
tested the relative contribution of the three orders of scattering towards zenith and at 10
degrees above horizon towards eacity as well as southward. South is among the darkest
direction. The preliminary results of this numerical experiment will be discussed.
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Light pollution occurs when artificial light at night (ALAN) is emitted inteetheronment at

levels and/or times that disrupt it. It is directly responsible for obscuring the starry sky but also
disrupts wildlife and plant life. Light pollution also interferes with the human circadian cycle,
which can lead to health problems suchasincreased risk of certain cancers. Around 70%

of ALAN could be eliminated simply by adopting better lighting practices. Municipalities are
generally ilequipped to address these issues. As part of the Québec Research Funds a new
citizen science progma was created. Sébastien Poulin, a citizen of the city of Québec,
submitted a question related to light pollution to the new program, and it was selected. The
guestion was then proposed to researchers willing to carry out a citizen science project over
a period of 2 years to answer the question. Martin Aubé, a researcher and professor of physics
at the Cégep de Sherbrooke, volunteered for this research project. The research team
comprise Martin Aubé, the scientific lead, Sébastien Poulin, the citesgacher and Prof.

| dz0 SQ& 3INI RdzZl S addGdzRSydad ¢KS (iSFHY Aa FaaSaa
lighting systems in the cities of Québec and TFRiigéres (Canada). To do this, a LANcube v2
radiometer was assembled by the citizen researchehwiite help of Prof. Aubé and his
students. The LANcube was then used to map ALAN and identify the properties of the lighting
systems in the city's streets. This data helps identify thighlth risk areas while allowing the
identification of mitigation soltions to the city's stakeholders.

MSimpact  (Log10(x))

* 084..073

® 073--052

* 052031

. 031.-000

s 009-012
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054-075
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Fig. 1 M. Aubé and S. Poulin installing the LANcube on car roof (left) and an example of melatonin
suppression impact map for a Quebec City district (right). Red circles identify high melatonin
suppression impaakegions while the green circles highlight low impact.

In this paper, we summarize the method used to map ALAN, especially its associated
melatonin suppression impact which we define as the product of the melatonin suppression
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index (MSI) the sideward aveyad vertical illuminance. We also show how the lighting system
inventory can be extracted from the recorded database to identify the problematic lighting
systems that should be replaced to mitigate their potential health impact.
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Introduction

Light pollution is an escalating environmental challenge witbfound impacts on human

health, ecosystems, and astronomical observations (Hassan, 2024; Rich & Longcore, 2006;
Falchi et al., 2020). Central Europe ranks among the mostdalhtted regions globally,
necessitating coordinated efforts to address thésue (European Topic Centre on Human

Health and the Environment, 2022Jhe InterregCentral EuropeeJNE 2 SO0 a5! wY9Qw{
brings together stakeholders from lItaly, Poland, Hungary, Germany, Austria, and Slovenia to

shift the perception of artificial lighat night (ALAN)By integrating scientific research, policy
development, and public engagement, we aim to develop a comprehensive strategy to
mitigate the adverse effects of ALAN and promote sustainable development.

Aims and Strategy

The project seeks t@whange how light pollution is perceived by policymakers, tourism
operators, visitors and local communities. Instead of being seen as an inevitaptedyct

of modern life, dark skies should be recognized as valuable assets for biodiversity conservation
and sustainable tourism. By raising awareness and providing practical solutions, we aim to
develop a comprehensive strategy for mitigating ALAN in Central Europe while demonstrating
the economic and environmental benefits of preserving dark night skiesprbpect aims to

create a strategy to reduce light pollution and promote sustainable development through
astrotourism, form thematic working groups to protect nocturnal ecosystems, transform dark
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skies into a touristic asset and encourage local partimpatdeveloping a comprehensive
strategy using strategic foresight.

Pilot Actions and Pilot Demonstration Sites

A key component of DARKERSKY4CE is the implementation of four pilot actions (PA) across
five pilot demonstration sites (PDS). PDS servesisig grounds for innovative approaches

to reduce light pollution, with partners collaborating across borders to share expertise and
ensure effective solutions. The initiative is structured to promote knowledge exchange, in
order to adapt and apply thensights gained in each location elsewhere. The five PDS are
f20F0SR AYyY [SALI AT wS3IA2y>S DSNXIYyET ¢2NMzZZ
County, Hungary; Carinthia, Austria. Each site will focus on different aspects of light pollution
mitigation, from ecological impact assessments to policy development. In the Leipzig Region,
PDS1 will demonstrate how reducing light pollution in public lighting systems can safeguard
natural ecosystems. Two PRS one in Hungary and one in Austria will work clogly
together to compare how light pollution affects different landscapes and ecosystems,
ensuring a wider understanding of its impacts and possible solutions. In Poland, PDS2 will
focus on the development of a dark sky tourism offer through the elaboratbran
educational tourism concept. In Italy, PDS3 will experiment with a participatory approach,
enlarging and consolidating dialogues among potentially conflicting stakeholders on the topic

of light pollution and attractiveness of dark skies when in pnee of cultural heritage. The
project will also include a travelling exhibition showcasing findings from the PAs. This exhibit
will make research results accessible and transferable across Europe.

Towards a Dark Sky MaciRegion

Our approach encouragesdal authorities to recognize dark skies as both a biodiversity
safeguard and an economic opportunity. By assessing the touristic and astronomical potential
of various sites, we provide the foundation for a roadmap leading to the first Dark Skies macro
region in Central Europe. Through international collaboration and sharing of expertise,
DARKERSKY4CE aspires to set a precedent for effective light pollution reduction, offering a
scalable model for regions facing similar challenges worldwide.
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Introduction

The loss of nighttime darkneasound the world is weldlocumented, and it poses challenges

for the scientific productivity of astronomical observatories and the management of
ecologically protected places. The natural components of réggiit brightness (NSB) vary
considerably over theourse of the 1dyear solar magnetic activity cycle (Benn and Ellison
1998; Krisciunas et al. 2007; Grauer et al. 2019) and even around solar minimum (Grauer and
Grauer 2021). This complicates efforts to assign objective 1sighiquality metrics to sites

such as International Dark Sky Parks. A better understanding of natural sources of NSB and
their behavior over periods from minutes to years is key to observatory site characterization
and protection, as well as for conservation of protected areas. On&cpharly valuable
outcome of such an increased understanding may be the ability to predict NSB values. By
scheduling astronomical observations around anticipated changes in NSB, scientific facilities
could be made more productive and cesftective. In ths work we aim to improve the
interpretation of timeseries NSB data from both lighblluted and unpolluted sites.

Method

We use data from three Unihedron Sky Quality Mdtens (SQM.) devices at sites in the
southwestern U.S. spanning a distance of BO0 Kitt Peak National Observatory (31.9624,
111.6004), Mt. Lemmon, Arizona (32.44261,0.7887) and Cosmic Campground, New Mexico
(33.4795,-108.9225). Data were filtered to remove contamination from twilight, moonlight
and clouds, then matched up witlime series of two solar geomagnetic indicators: Bz GSM
(the zcomponent of the interplanetary magnetic field near the Earth in Geocentric Solar
Magnetospheric coordinates) and the kinetic energies of solar wind protons obtained from
the NASA OMNIWeb ScienData Portal.

Results

The NSB measurements in Fig. 1 show the known seasonal variation often attributed to the
RusselMcPherron (1973) effect. The temporal window of the data set brackets the time
between the minimum of Solar Cycle 24 to the ongoing maxn of Cycle 25; over this time

we see an average NSB increase of about 0.5 magnitudes per square arcsecond (mpsa). Near
solar maximum there are many specific instances of high NSB values likely due to the impacts

of solar coronal mass ejections on the E& Qa YI AYySUG24LKSNE® | 26S O
isolated peaks in the NSB measurements that correlate strongly with the apparent arrival of

fast and energetic solar wind streams that reverse the polarity of Bz. We searched for, but did

not find, strong evidene of a time delay between the onset of solar geomagnetic events and
elevated NSB reported by, e.g., Krisciuegal. 2007. We also note
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Fig. 1.NSB measurements and solar geomagnetic activity indicators during the rise of Solar Cycle 25
during 20202025. The upper panel shows individual measurements from -EQMt three sites

aSLI N GSR o0@& dzLJ G2 onn 1YY YAGG tSFE1 blFidAazylf

[ SYY2YyZ I NAT 2yl o6dGail[ éX ofdzS LI2AY(agreenygoits) 2aYA O
Each trace is the difference at each time between each individual measurement from that location and

the median value for the full time series. The lower panel shows-tt@mponent of the interplanetary

magnetic field (blue trace) and th@rmalized energy of solar wind protons (red trace) at-omiaute

intervals from the NASA OMNIWeb Science Data Portal.

the dispersion of NSB measurements for all three monitors is roughly the same at solar
minimum as at solar maximum, ranging up to +03sa
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Regulatory models for controlling light pollution over large geographical areas have
historically taken either tolown or bottomup approaches implemented on (symational

or local levels, respectively. But these methods have failed to stem the risohyigually
unchecked global tide of outdoor artificial light at night (ALAN) emission.

We speculate that policy interventions at the middle level may be more effective in terms of
measurably reducing light pollution. This involves a balance of loaatl &mgl control through
policies that act on large, muiirisdictional scales. We are inspired by the principles of
regional watershed management. This method is informed by the concept of network
governance where stakeholders form partnerships with tlealgof establishing a common
vision for the management of a resource that is simultaneously viewed as an economic good
and a social good.

As the watershed is the land area that channels all surface and subsurface water toward
common outflow points, we co®A S 2F | af AIKGAKSRé a GKS
the outdoor ALAN emissions of cities and other sources are distributed. In this we build on
radiative transfer modeling efforts demonstrating the spatial transmission of light pollution
between dfferent territorial areas. These results demonstrate the inadequacy of a
municipalityby-municipality light pollution control framework given that ALAN readily drifts
across multiple political boundaries from source to sink. The watershed analogy deatesstr

the need for concerted and coordinated efforts in both the vertical and horizontal directions
of the jurisdictional hierarchy.

In our model, groups of governments in a territory first agree to seek a solution to light
pollution. They commit to a quaitative goal of reducing light pollution by some measurable
amount in a defined period of time. That goal can be set relative to metrics such as light
emissions per capita within the territory. The simplest goal is to hold that figure steady over
time with population growth, but this still allows for net positive growth in light emissions. A
more ambitious goal is to gradually draw down light emissions by actively cutting waste. Given
the extreme inefficiency of typical outdoor lighting installations, whdwe there is significant,
untapped potential to achieve meaningful emissions reductions through better design and
operation of outdoor lighting, including making better use of lighting controls.

Like watershed systems, lightshed systems have multipldlicting uses that tend to spread
both benefits and costs unevenly among users. To encourage cooperation leading to
achievement of regional light emissions reductions goals, we envision something like a cap
andtrade system in which increasing light ems in one part of the territory must be
compensated for by reduced emissions in another. The right to emit light at night becomes a
tradable commodity. Such a system could help offset the costs of lighting design and retrofits
required to reach emissioreduction targets.
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As an example, we consider the lightshed of southern Arizona, USA, centered on the Tucson
metropolitan statistical area, which has a population of about 1 million inhabitants. A
suggested boundary of this lightshed is shown in Figuréhg. boundary is drawn as the
contour for which the zenith nigkdky brightness is 50% higher than the presumed natural
background level. Barentinet al. (2018) found that light emissions within the boundaries of

the incorporated City of Tucson totaledb%1( lumens, or about 1015 lumens per capita, in
2017. The population rate of change in the last decade averaged about +0.5% whde
satelliteiindicated light emissions rose about 16% since 2017. We estimate the light
consumption in 2025 to be abodtl65 lumens per capita, which represents an increase of at
least 15% in eight years.

325

32.0

-112.0 -111.5 -111.0 -110.5 -110.0

Fig. 1: A suggested lightshed boundary (white line) surrounding the greater Tucson, U.S.,
metropolitan area. Various colored, large polygons in the background represanty boundaries in
the U.S. state of Arizona. Boundaries of incorporated municipalities are shown as yellow lines.
Shaded red polygons represent lands owned by the State of Arizona or the U.S. federal government.
The grayscale overlay is the VHRSB Nghttime Lights Monthly ClouBiree Composite for February
2024. The base map is from OpenStreetMaps, licensed under the Open Database License.
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PRISMA (Prima Rete lItaliana per la Sorveglianza sistematica di Meteore ed Atmosfera) is a
fireball network mainly dedicated to the observation of bright meteors and to the recovery of
freshly-fallen meteorites on the Italian territory. The project is coordinated by INAF, the Italian
National Institute for Astrophysics, and counts more than 60 collabmyatistitutes. PRISMA

is also a partner of the FRIPON international consortium. To date, the network consists of
more than 70 stations, each employing a monochromatislall camera module operating
continuously at 30 frames per seconds to capture and priypsample the atmospheric path

of bright meteors, i.e. fireballs and bolides. Since 2016, the PRISMA network has observed
approximately 3000 meteors and allowed for the recovery of two frefdlgn meteorites,

namely Cavezzo (01/01/2020,-86, 55.3 gand Matera (14/02/2023, H5, 117.5 g).

In order to perform the astrometric and photometric
calibration, every 10 minutes during nighttime, the g
system acquires a series of 5 seconds exposure imag
where stars brighter than4.5" magnitude can be
observed. The PRISMA network has been collecti
these data since 2016, thus allowing a systematid
monitoring of the night sky brightness over the Italian
territory in the wavelength bandpass between 300 ard
900 nm.

Fig. 1: The all-sky camera of the

, I . _ PRISMA network installed on the
In this contributionwe will present the methods, date rooftop of the Astrophysical

analysis, and first results of the PRISMA netw(  opservatory of Turin, in Pino

regarding light pollution monitoring in Italy during th Torinese, Piedmont, Italy
last ten years. (http://www.prisma.inaf.it/)
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Previously, we explored the effects of ALAN, melatonin, brain plasticity and behavior in zebra
finches (ZFTaeniopygia guttath ALAN increased proliferation and recruitment of new
neurons in various brain regions in both sexes. In addition, ALAN differentially affected
neuronal densities in these regions, suggesting that some regions are more resilient to ALAN
than others, andhat males are more resilient than females [Moaraf et al., 2020 a & b, 2021].
We hypothesized that these changes might compensate for Ahéided neuronal death in
these regions, and/or are due to increased nigjhte locomotor activity caused by sleep
disruption. However, these studies involved only shiatm ALAN exposure. The current
study aims to investigate the effect of Lifeng ALAN exposure {RLAN) on brain plasticity

in birds, reflecting more ecologically relevant conditions for wild birds hWmthesized that

the negative effects observed in the brain under shorter exposure will persist or increase in a
region and sexdependent manner, ultimately affecting behavior.

Parents (P) ZF were housed in two indoor breeding aviaries to prodpeeimental F1 birds.

Both aviaries had the same daytime illumination, but the Control aviary was dark at night,
while the LEALANaviary was exposed to 5 lux of light at night. When F1s reached adulthood
(around 90 days), they were moved to cages in anotieem, under their respective light
conditions from hatching (EALAN or Control), and housed a male and a female per cage. F1s
remained in these cages for 10 weeks, during which we periodically recorded their body mass,
daytime and nightime plasma mel@nin levels and locomotor activity (not shown here). F1s
were then euthanized and brains were assayed for cell proliferation, recruitment of new
neurons, neuronal densities, and apoptosis. As previously, we focused on neuronal
recruitment, in the hippocampus (HC), nidopallium caudale (NC), and medial striatum sub
regions (MMSt and IMSt). These regions serve various functions, processing, respectively,
spatial, auditory, homeostatic and reflexive pathways, and somatosensory and motor
function. In males, walso examined HVC and Area X, which are +spéeific regions of the

song system. Neuronal recruitment was detected in brain sections by staining doublecortin
(DCX) for recently born neurons [Balthazart et al. 2008], and Hu, a neuronal marker [Barami
et al, 1995].

Overall, our findings indicate that{4L ANincreases new neuronal recruitment in both sexes
and in most regions (see figur@his supports our hypothedisat the deleterious effects that

we previously observed in the braimder shorter ALANXposuresersist under the more
ecological scenario of |fleng exposure. A detailed comparison between the two types of
ALAN exposures is limited due to methodological differences between our studies. Previously
we used BRDU ¢Bromo-2'-deoxyuridine) a a specific cell birtdate marker for new
neurons, while here we used DCX, a more general marker for brain plasticity (which also labels
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new axons and dendrites). Despite this, a comparison indicates that in maléd, ADL
increased neuronal recruitmeni all the tested brain regions compared with Control (this
study), whereas shorter ALAN exposure had no effect in the HC and NC in males (Moaraf et
al., 2021). In females, {ALAN increased neuronal recruitment significantly only the in HC and
NC, whereasinder shorter ALAN exposure a significant increase was found also in mMSt and
IMSt (Moaraf et al., 2020b)These sex differences suggest that, under ecological
conditions, females are more adaptive to ALAN than males. Furthernfersgx and region
dependent differential effects of EALAN compared with shorter ALAN exposure emphasize
the importance of studying the effects of ALAN in both sexes and under relevant ecological
conditions, or at least under laboratory simulation of such conditions.
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Effects of LIALAN on number of DCXeurons / mni (mean + SEM) in the brain regions HC, NC,
mMSt, IMSt (both sexes); and Area X and HVC (only males). *, **, *** indicate significant differences
between groups (p<0.05, p<0.01, p<0.001 respectively); féma8les and 8 males in Control; 8
females and 5 males in{ALAN.

Another intriguing question is how ALANuced changes in brain plasticity affect behavior.
For example, we observed changes in neuronal recruitment in HVC and Area X, the male
specific regons involved in the song system, under bothALIAN and shorter ALAN exposure,
indicating that ALAN may alter song behavior and result in impaired/mistimed singing. Such
behavioral shifts could negatively affect male fitness and survival by reducingatildy to

attract mates and defend territories. Future studies will explore such questions and further
our understanding of the ecological implications of ALAN and its potential impact on the
misalignment of internal rhythms with external cues in aninesosed to light pollution.
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Introduction

Conservation in lighting design is nc*
an option, but a necessity. The la: =
years have been characterized by
social rethink. Circular economy an
energy efficiency are terms that almos
every renowned ligting manufacturer =
uses to advertise their products -\ =
However, sustainability is not ar ‘| ‘i
advertising strategy, but should be a | " s
obligation for all industrial sectors =
While nighttime lighting is crucial for ———— .‘
maintaining the standard of living ir —

modern  soacgties, it  disrupts Fig 1: Minimal inverséght for the Sedanallee footpa
ecosystems. The lighting industry facand cycle path

the challenge of balancing environmental responsibility with professional practice. Those who
are uncompromisingly Eeoiendly in their lighting will leave the night alone and preserve the
darknes. Nevertheless, there are ways of expressing illumination and a fascination for light
while at the same time showing consideration for nature.

GOYODANRE AIKGE AK26a oKIFIG GKAA AYGSaNrdaAzy 27
This- currently still theoretical lighting design outlines a lighting concept for tBedanalleg

a former boulevard in the city of Hildesheim in Lower Saxony. The concept is characterized in
particular by the fact that a great deal of research work preceded theydgsiocess.

Methods

In addition to an analysis of the ecological and traffic conditions, a survey of residents and
passerdsby was carried out in order to integrate their perceptions and needs into the concept.

Conclusions

The lighting concept based on these findings has been given the name Envirolight to indicate
the link between light and nature. The lighting concept for thedanalleas based on a
number of premises.

1. Reasofbased action: All lighting is an intervention nature. Laws and standards currently
pay too little attention to environmental protection. It is therefore necessary to find
responsible ways to avoid light pollution.
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2. Adaptive lighting management: Lighting should flexibly adjust to usage withbieari
intensity and timing, using sensors where possible.

3. Avoid light spill: The lighting fixtures are designed and positioned in such a way that they
do not emit unnecessary light into the sky or onto neighboring green spaces and buildings.

4. Reductia of brightness: Attention is paid to a level of brightness that meets the need for
safety and visibility without being excessively bright.

5. Color spectrum with minimal blue content: To minimize the impact on wildlife and the
human sleepvake rhythm, thdight used has a low blue content.

Outcome

The lighting concept foiSedanalleeaims to
make pedestrian and cycle traffic safer ar
more visible through environmentally friend!
lighting, while at the same time staging th™= L Bl
space as an attractive outdoores. The use of * 4| :rrmr*jﬁ? | dof
discreet, inhomogeneous light with warr===
colors at 1800 Kelvin creates an invitir —1:"
atmosphere and reduces the impact on wildli L-r-..u
thanks to the low blue component. Th-*°
alignment of the luminaires prevent [’
unnecessary illumination of the ngpedestrian Fig 2: Contrast between warm Whlte hght

areas and direct upward light emission. The liccolors provides orientation

levels are deliberately kept low, with .

maximum of 1615 lux directly underneatthe luminaires, which quickly drop tode than one

lux towards the outside, in order to meet both the users' desire for atmospheric light and
environmental protection.

To achieve this lighting effect, cable luminaires are installed on sturdy, tall trees on the avenue
and supplemented by mastsnahe opposite side, which enable a zigzag pattern of cable
installation. This installation method protects the roots of the 4@arold trees by laying
cables mainly above ground. Where no suitable trees are available, bollard luminaires are
used, whichhave the same light color and intensity to ensure a constant comfortable
atmosphere and to maintain the open chain of the avenue. Motion detectors on poles and
bollard luminaires in key areas ensure that the lighted sections are illuminated as required
andthen switched off again for a calming lighting mood. This adaptive lighting management
reduces pedestrian exposure and saves energy.

Prospects

The responsibility for sustainability lies with all lighting designers. Technical innovations help
to master thebalancing act between environmental justice and creative freedom. Intelligent
control systems and adaptable lighting ensure that different needs can be met and that
environmentally friendly lighting creates places where people and animals enjoy spending
time.
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Introduction

As part of efforts to reduce environmental impact and energy expenses, IEanypean
municipalities are implementing policies to reduce or even partially or completely turn off
public lighting. The extinction of public lighting can affect the visibility of road infrastructure,
users' visual perception, their behavior, and their sense td@tgaln this context, thé-rench
project SERENO®Road Safety : Night time lighting and earth observatzmys to explore the
consequences of nighttime lighting extinction on road saffitje main goal it provide
guantitative elementgegardingthe impact of nighttime lighting extinction on accident rates.
The project is financed by the French Road Safety Directorate (DSR) from the Ministry of
Interior.

Various local studies tried to assess the impact of road lighting on traffic accidents, but led to
different conclusions (Elvik, 199%Rea et al., 2009). The majority of studies agree that the
presence of public lighting is associated with a 20% to 30% reduction in the risk of nighttime
accidents. Nevertheless, numerous limitations and potential biasekl affect these results,

and other studies conclude that public lighting reduction or extinction are not correlated with

an increase of nighttime accidents (Perkins et al., 2015). The SERENOS project aims to quantify
this impact for French mainland téiory, by consideringatellite observations of nighttime
radiance and a large amount of data from (i) the natiotralffic accident datdase from 2012

to 2024 and (ii) one year of floating car data (FCD) at the national scale.

Methods

In France, pulti lighting extinction is a common practice for many municipalities since the
energy crisis (2022), but this information is not reported at the national scale. To tackle this
f1 01 2F (y26fSR3IST LIzt A0 f AIKGAYiBHe I§rBradd y OG A 2
Imaging Radiometer Suite (VIIRS) onboard the Suomi NationaldPbiting Partnership
Program (SNPP) satellite. Daily VNP46A2 products of the Day/Night Band were considered
and aggregated at the monthly scale from January 2012 to Decenti#t, Dver France.
Monthly time series were computed over each French municipality, considering only the
brightest spots using the 90th quantile, leading to almost 20.000 municipalities in the analysis.
A method was then developed to detect changes in nackatime series, considering a binary
segmentation algorithm. Strong decreases (i), light decreases (ii), and increases (iii) were
detected, respectively associated with (i) public lighting extinctifr) partial public lighting
extinction or renovation and (iii) urban or commercial development. These detections were
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reported in a map on continental France
ggepresenting the 2012024 period (Fig. 1).
Almost 12.000 municipalities were found to have s
up a public lighting extinction policy, mostly i:*
winter 2022. B 7Y

These results were then confronted with th
national traffic accidents database, which registe
all physical accidents leading toedical care. Eact
accident is well documented, with exact locatiol
date and time, road type, public lighting presenc

weather conditions, drug or alcohol use, etc. Tl {3
dataset was firstly filtered from potential bias. Ove !
the municipalities practicing public lighting .:*ttt
extinction detected beforehand, the number c© Immctioncessataon
nighttime accidents were aggregated and compar Lighting incresse

Mo change
Fig. 1:National map of public lighting
evolution from 2012 to 2024 over Fren
municipalities, Cerema.

before and after the extinction implementation. Th
preliminary results seem to indicate that the numbe
of accidents decreases following the tiextion
event, then is back to normal within a few months.

This conclusion could however be altered with the date of application of most extinctions
(autumn 2022). A second analysis of the satellite radiance observed at the location and date
of the accidats seems to show that severe and lethal accidents are generally linked with
lower values of radiance than minor accidents. These results will be consolidated in the next
few months, and will be complemented by an analysis of traffic speed database.

Concusions

The analysis of lorgerm VIIRS/NPP satellite data enabled to detect changes in public policies
of lighting over France since 2012. Total extinctions were distinguished from partial
extinctions or renovations and from lighting development. A nationap was produced and

will be freely available in the next months. The impact of public lighting extinction on driver
behavior and traffic accidents was then investigated, using a national traffic accidents
database. The results are currently prelimindmyt tend to show that (i) the number of
accidents decreases just after the extinction event, and then recovers its initial values; and (ii)
dark conditions lead to more serious road accidents.
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Skyglow is one of the most visible indicators of li
pollution from artificial lighting at night. It has playe
a crucial role in the history of light pollution researc
both in measurementtechniques and in raisin
awareness of the issue. Astronomers were the fi
to recognize the impact of light pollution, as str
light interfered with their ability to observe an
study the stars and the universe. This realization
to the developmentof the first measurement tools
designed to quantify skyglow, such as the Sky Quakity. 1: Photo of the night sky showing
Meter (SQM) (Hanel et al., 2018jnzano, Falchi, & impact of skyglow.
Elvidge, 2001; Sanchez de Miguel et al., 2017).

The SQM, a portable and ea®yuse device, quickly gained popularityeyond the
astronomical community. Night sky enthusiasts and citizen scientists embraced the
technology, leading to a global effort to map skyglow and light pollution. These efforts helped
highlight light pollution as a significant environmental concerd &reled modern initiatives
aimed at reducing excessive artificial light, promoting the idea that everyone deserves a clear
view of the night sky.

However, since the introduction of the SQM, the lighting landscape has undergone a dramatic
transformation. he widespread adoption of LED lightindriven by decreasing costs,
increased brightness, and improved efficiendyas resulted in a more illuminated world
(Kyba, Hanel, & Holker, 2014). Traditional incandescent bulbs and sodium streetlights have
largely bea replaced by LEDs, which offer tailored light distributions. The range of spectrums
these sources have mean that the spectral response of the device becomes a critical factor in
obtaining accurate measurement results. As this often differs from devideve, a single
channel measurement device can give an inaccurate value if not calibrated for the particular
spectrum it is measuring. Moreover, a netandardized spectral responsivity prohibits
calibration to Sl and thus traceability to the correspargdunit. Therefore, a calibrated grating
based spectral measurement device provides a significant advantage, providing a more
accurate intensity measurement as well as spectral information. Measuring the spectral
radiance and irradiance of skyglow and shihe raw information for the calculation of the
derived quantities (e.g. photopic/scotopic luminance, melanopic radiance and so on) provides
a critical advantage in understanding how different light sources influence the night
environment. This has imptant implications for human health, social interactions, and
ecological systems, including wildlife behavior and biodiversity (Kyba et al., 2017).
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To address this need, we propose a Rext

generation SQM, a sky

irradiance/radiance measurement device

capable of measuring both the spectral

, a— distribution and intensity of skyglow. This
' Optics new device will retain the core

s advantages of the original SQM

\ 4\ Reflective portabilty and  affordability while

; e integrating advances in sensor technology

to enable spectral measurements.

CMOS linear
image sensor

Data values
transmitted to
micro computer

/4 \ Developments in fluorescence and Raman
______ Vs ) spectroscopy have led to compact, highly
@ ..
Data transferred to cloud sensitive spectrometers that are well
Fig. 2: Block diagram of proposed Skyglc suited for this application. By conmiing a
measurement device. micro-spectrometer with widely available

microcomputers, we are developing an
loT-enabled spectral measurement device for letegm skyglow monitoring.

We hope that the low cost and reproducibility of this device will make it ideal for estalgishin

a network of skyglow measurement stations, enabling data collection across large and remote
areas. Its portability also allows it to be-taxated with other environmental monitoring
equipment, such as air pollution sensors or biological research stasitualying the effects of
artificial light on insect populations. This would generate valuable new datasets, deepening
our understanding of how light pollution interacts with and affects the world around us. This
work is part of the SPOTLIGHT project,dech by the Swiss National Science Foundation
(SNSF).
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With advancing technologies and expanding urbanization, anthropogenic light at night (ALAN)
has become a significant environmental stressontecwing to grow in both surface area and
intensity (Kyba et al., 2017, 2023)ALAN is increasingly recognized as wedmf arthropod
declines, through alterations in movement, foraging, reproduction, and predafiowens et

al., 2020)

We investigated the effects of ALAN on the behavioural activities of jumping spiders and
lepidopteran larvae, with a particular fos on shifts in activity patterns, including potential
constriction or extensions into the nighHBoth groups are central players in the food web, as
caterpillars are important herbivores and nutritious prey, while jumping spiders act both as
predator andprey.

In a first study, we tested whether dim light pollution (1.5 lux, cold white LED 5500K) affects
larval behaviour of three lepidopteran species that differ in both -pnéidator colouration

and adult activity period: the cryptic, nocturnal, specMamestra brassicaethe cryptic,
diurnal, specie®ieris napiand the aposematic, diurnal, speciPgeris brassicaéVe found

that the behaviour of all three species was affected by ALAN. However, the responses were
species specific. When we focused on tragkeeding activities on differently orientated leaf
disks,we found an overall increase mocturnal feeding by all three species under dim light
conditions. This study highlights that even low levels of light pollution can disrupt the
behaviour of speeis, highlighting the need to preserve fully unpolluted areas.

In a second study, we investigated how different light intensities and spectra influence the
behaviour of the diurnal jumping spidbtarpissa muscosdocusing on locomotor activity and
sheltering behaviour. Using automated tracking with 30 second interval images, we monitored
spider movement over a 24 hour period. Nocturnal movement and sheltering behaviour were
recorded under three light intensities1.5 lux, 10 lux, and 100 fuxepresentative 6 levels
encountered by this highly mobile species. These tests were conducted under cold white light
(5500K). Interestinglywe found that only the highest intensity treatment influenced spider
behaviour, with significantly more movement and less sheiggby the spiders compared to

the dark night controlWhen we examined whether these behavioural differences persisted
under warmer LED light (2700K, 100 lux), we found no behavioural alterations. These results
suggest that warmer or less bright lights eaitigate ecological light pollution for this species.

Together, these studies highlight the complexity of spes@scific responses to ALAN and
underscore its potential to disturb ecosystem interactions, particularly as taxa from different
guilds withina food web exhibit different levels of sensitivities and respon&dtective
mitigation strategies must prioritize minimizing these disruptions to preserve the integrity and
stability of natural ecosystems.
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Anthropogenic light disrupts rhythms and behaviours in nearly all organisms, but especially so
in nocturnal animals suchs bats and their prey. Bats are often repelled by light, but some
fastflying and agile species opportunistically forage on accumulated insects around light
sources. The disruption of anthropogenic light can therefore be especially severe in strongly
illuminated urban environments. Dimming streetlights is often suggested as a mitigation
measure, but its effectiveness in reducing impacts on bats and irsacis how it affects

their nightly and season timingremains poorly understood.

To test this, we recored bat activity for a full year across three light treatments in urban
habitats: highintensity, lowintensity (dimmed), and dark controls. To examine the effects of
light dimming on predateprey interactions in detail, we collected higgmporalresolution
insect data during a summer month using fivénute interval photography of insects arriving
on a white sticky sheet.

Our results show that insects were most abundant near 4mgénsity lights, and dimming
light moderately reduced attraction. Howevemsect numbers remained higher under
dimmed lights compared to dark conditions. For pipistrelle ba@ synanthropic species
known to exploit aggregated insects around lights sourct®ge effect of dimming light was
however limited. Interestingly, thispecies did not forage more around streetlights than in
nearby dark locations in our urban study sites, while it has been shown thatdwedling
pipistrelles tend to forage more around anthropogenic light. In addition, the effect of dimming
light on pipstrelle activity varied throughout the season.

Although the shorterm impact on bat activity is relatively small, reduced insect attraction to
light could have longerm benefits. By reducing insect mortality near light soutcedere

many become trappe@nd perish from exhaustion or collisiang may help slow insect
declines in urban areas. Additionally, with fewer insects drawn to illuminated areas, more prey
remains available for bats hunting in the darkness.

While light dimming reduces insect attram, its limited effect on bats underscores the need
to preserve dark refuges in urban landscapes to support biodiversity.
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Introduction

Introduction We present a new software package for the calculation of Artificial Light At Night
(ALAN) (iDluminance levels called Otus &QOncorporates stateof-the-art ALAN diffusion
models with different atmospheric profiles, cloud cover and urban emission functions. In a
first study, we apply our model to France, where significant efforts have been made to reduce
light pollution over tte last decade. We calibrate our models using a unique dataset of sky
brightness measurements taken over 6 years at 136 different locations. We find good
agreement between models and data. We show that the emission function is typically more
tilted towardsthe zenith in urban centres. Including this dependence in the model significantly
improves the fit to the measurements. We show that the average zenith luminosity in France
decreases by approximately 30% between 2012 and 2024. The main drivers of this
improvement are the switching off of public lighting in the middle of the night and the renewal
of lighting parks.

Methods and Results

Otus 3.0 has been developed
improve the modelling accurac
of ALAN and to make it mor so{ =
flexible. The tool allows theg

calculation of artificial zenitt @ |
luminosity and diffuse J 10

illuminance from satellite &
radiances. Arbitrary (generall 3 ]
asymmetric) kernels can be use 2
to simulate the emission an %"”-
scattering of ALAN in th -
atmosphere. The applied kerne
can be varied in space and tim

We derived several kernels usit ps . ?'C““mé —
the SkyGlow software, e.g. fc Latitude [degrees]

different amospheric  aerosoOrig1: Radiance observed near nadir20°) divided by the c
content and cloudiness (Kocifaj nadir radiance (4®0°), as seen by NASA's and NOAMRS
Lamphar 2014, Wallner & KocifpNB instrument in 2023.

2023). We have also simulatea

different components of the urban emission function by varying the direct and reflected
emission components. We will discuss the effect et parameters on zenith luminance and
diffuse illuminance.
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We applied Otus 3.0 to Franc
between the years 2012 and 2024. / oKy
can be seen in Fig. 1, the urbe —~ | ™ L
emission typically peaks strongl g
towards the zenith. This is expecte g g
due to light blocking byudldings in the
horizontal direction (Kyba et al. 2022 §
We therefore applied diffusion kernel: 5
corresponding to two different city > g
emission functions for the areas show @ YR
in colour and grey in Fig. 15 +

respectively. 2
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We calibrated our model using a set « |
sky brightness measurement w

. NSB model Otus 3.0 [ucd m~2]
per formgd by DarkSkylab SInc.e 20]Fig 2. Comparison between simulated and meast
using Ninox recorders at 136 differer

! N Night Sky Background levels. The colour scale shov
locations (Deverchere et al. 2022). T'mean galactic latitude in the region observed by

methods and  results  of  thisNinox. For mode details see the text.
measurement campaign are presented

in a companion contribution. We have fitted the kernel normalisations andntteral sky
background to the Ninox measurements. As shown in Fig. 2, we find good agreement between
the two.

In France, several policies have been implemented over the last decade to reduce light
pollution. Many districts have switched off public liglgim the middle of the night and
renovated lighting parks. The modelling results show that the average artificial luminance in
the middle of the night decreased by approximatelly 30% between 2012 and 2024. This is in
stark contrast to the increasing ALAN¢Is observed in most parts of the world and Europe
(Falchi et al. 2023, Plotard 2024). We hope that these efforts set a positive example and will
be further strengthened in the future.
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Introduction

Considered the Brazilian technical standard sector, 1
concept of "light pollution" was introduced in 201
(revision of ABNT NBR 5101, 1992). In 2021, a law ¢
on this subject was proposed and presented at tl
Brazilian NationalCongress [1]. This draft is current
being processed. It defined light pollution as somethi
that is not aligned with international terminology (ClI %.05.2010

ISQ, IEC). This artiple .introducl:es jche Qiscgssion ON  "Fig. 1 Photographic record taken

topic of light pollution in Brazil, signaling made t0 ,,5gh the luminance meter eyepiec
expand the sampling locations in Latin America whe soyrce: NIKON, model COOLPIX, S:
there is available information on zenithal luminescen #DSCN2057, M&010 [2].

from only one area, Buenos Aires, Argentina (s
http://128.199.94.197:8080/map/map.php). Measurement for the sky luminance at locations

in the State of S&o Paulo, Brazil, is considered. Data collection on sunlight reflected by our
satellite, the Moon, began in 2008 (see Fig. 1), as references for luminance meters led to the
development of our methodology that considered four measuring oot the sky (A, to D,

see Fig. 2).

Method and Results

The lunar disk and four external points were sampled (see Figs. 1 and 2). Some of the available
records on the luminance of the Moon in the city of S&o Paulo (23° N; 47° W) were presented
in 2012 [2] Figure 1 shows the lunar disk on the left and a black circle on the right, the interior
of which is the sampled area (equipment brand Minolta). The average luminance of the sky
(points A to D), in the city of Sdo Paulo, in 2008, was determined arourdribedisk with
values in the range of (0.72 to 1.00) cd/or (12.9 to 12.6) mag/arcsec?, with the standard
deviation calculated in the range of (0.20 to 0.40) c8i/mnd using two devices [2]. For
another experiment carried out at sea level [3], thgerage luminance range of (2.2 to
2.6)cd/m? or (11.7 to 11.5mag/arcsec? was obtained. To conversion, a tool obtained from:
http://unihedron.com/projects/darksky/magconv.php?ACTION=SOLVEMAGS&txtCDM2=2.6
was used and no correction was applied becausditia source was the MoonlighBuring

road luminance measurements at the {HEP test site, the sky at USP was sampled, it was
slightly cloudy, in the north direction (approximate). The Ramos de Azevedo Monument was

ALAN 2025



49

used asa reference. The elevation angle was estimated ®  sersensn
approximately 9.6 degrees. The luminance was sample: 5 ([ (tadeges
the Zenith, in the central region of the Monument (positic ®
# 1) the sky (# 2 to # 4), and the facade of the building ( vl o ©
to #7), see marking in Fig. 3, and the values measurec S¥o ¢
presented in Table 1. @
Table 1- Luminance sampled at CUASO, USP, _ ) S

of the sky and points, March 26, 2025, 8:30 p.m. Fig. 2 Diagram indicatig the

regions where the equipment we

Megsurement Luminance pointed during luminance
Point (cd.nt?) (mag/arcsec?) measurements [2, 3].
#1 1.01 12.6
#2 0.46 134
#3 0.49 134
#4 0.49 134
#95 0.12 14.9
#6 0.17 14.5
#7 0.12 14.9
At Zenith 0.28 14.0
Note: No correction was used because the artificial prim¢Fig. 3 Image of the Monument to Ram
light source was the S8&ichnology (LED) de Azevedo (File ref.: DSC05682;

. , , 26/Mar./2025) adjusted (ImageJ softw:
Information was obtained about the instruments fc used) and an indication of luminance

collecting data on the luminance of the sky, installc  measurement point¢8:30 p.m.).

in a Brazilian location (Ouro Fino, MG), but witho_..

access to data. On March 30, 2025, at 7:10 p.m. (Brasilia, or 22:10:00th&r@3jue of
10.2mag/arcseéwas obtained for the zenithal luminescence of the night sky in Buenos Aires.
This value was converted to 8.98 cd/m2, which is considered quite high when compared to the
average luminance prescribed for roads with motorizedffita The Unihedron (SQM)
conversion calculator was used [http://unihedron.com/projects/darksky/magconv.php] and
no correction was applied for the spectral power distribution of the artificial light source with
SSL technology (LED). There is no presaniptidhe Brazilian technical standard for public
road lighting ABNT NBR 510fgr maximum values of either luminance or illuminance, a fact
that may have a negative impact on light pollution.

Conclusions

In Brazil, a lack of knowledge and data on thevalg quantities was identified. Quantitative

data on the luminescence present in the skies of the State of S&o Paulo, Brazil were presented.
The aim is to establish the basis for the implementation and operation of a network to collect
data on the luminesence of the skies over a long period. This could provide a solid basis for
countering initiatives that result in the increasing increase in inappropriate artificial light
(either in intensity or in the wrong direction) for road users and the environmdmrd are

no maximum light level limits prescribed for the Brazilian Standard for public lighting.
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Introduction

Various complementary approaches are proposed to reduce the negative impact of artificial
light at night (ALAN) on biodiversity, on several scales. On a territorial scale, the green and
blue infrastructure approach, and in particular the dark infrastruefams to create a set of
suitable interconnected habitat that allows nocturnal species to carry out their life cycle while
being protected from ALAN (Sordello et al., 2022), and then to identify parts of the territory
that must be preserved from any imduction of light. However, there are sectors where
human activity requires the use of ALAN, even when Highe biodiversity issues are at
stake. In such cases, measures to reduce light pollution must be applied directly to the light
fixture, seeking thebest possible compromise between the quality of service provided to
human users (CEN, 2015a & 2015b) and the least possible impact on biodiversity.

The lighting parameters most commonly identified as having an impact on biodiversity, and
the adaptationsproposed to reduce them, are: Correlated Color Temperature (CCT), which
should be reduced to limit the proportion of blue light emitted; light quantity, which should
be reduced; light distribution in space, which should be limited to diffusion below thedrm

or even on the useful surface only (Jagerbrand et al., 2021; Gaston et al., 2022).

Another parameter, less clearly defined and studied, but which can be linked to light
distribution, is the visibility of the light spot. This parameter raises acbgsiestion:
irrespective of its characteristics, does the mere fact that the light spot is seen make it
impactful, i.e. does it influence the behavior of individuals as soon as it is seen?

In scientific and technical literature, we regularly find the recoamdation to only light where

AGUa ySSRSR O05IN] {1@ DdzZARStAYSES HAaHnOLZ

Y

20al0l Of Sakol NNASNR (2 fA3IKGEZT GHKAOK AYRANBC

extension, to the influence of the light soure¢ a distance. For example, Reed et.al (1985)
showed that shielding the sources so that they no longer emitted light towards the sky
reduced their power of attraction by 40% on seabirds; he also showed that the full moon
greatly reduced the phenomenon ofteaction. Pendoley & Kamrowski (2016) and CGH#émo

Yen et.al (2023) showed that shielding a light source behind the beach reduces its disruptive
effect on the sedinding behavior of turtle hatchlings, a disruption that is observed as soon as
an artificid light is visible behind the beach. Seewagen et al. (2023) showed that the activity
of a lightaverse bat was still negatively affected at 75m from a light source, even though the
illuminance at this distance was less than 1 lux, and recommended shiéfghhgources in

the vicinity of bat habitats. Bolliger et.al (2022) showed that increasing the diffusion of a light
source increased its attractiveness to insects and seemed to negatively affect the hunting
activity of certain bats. Finally, using thepmsite approach, Dietenberger et al. (2024) showed
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that shielding a light source significantly reduced its attractiveness to a large number of insect
groups, for different color temperatures and illuminance levels.

Shielding the light source therefore sas an appropriate approach for significantly reducing

the negative impact of LAN on several groups of animal species. However, to date, there are
few technical solutions on the market that meet this objective. Furthermore, some of the
existing systems hawgenerally been designed primarily to address this environmental impact
issue, sometimes to the detriment of the quality of service provided to the human user.

This research will therefore focus on the development of a light source shielding system, which
should meet the following two objectives:

- Reduce the impact of the light source on insects and bats;
- Guarantee optimum quality of service for human users.

Methods
To validate these hypotheses, we plan to:

- Develop a system for shielding the lighdurce at a distance while maintaining the
photometric performance criteria of a lighting installation, in partnership with an
industrial company.

- To test this system in outdoor conditions, assessing its influence on insect attraction
and bat activity. Tado this, we plan to use a Beferdter-ControlHmpactpaired
experimental protocol based on acoustics bat monitoring and insect trapping by
comparing the behavior of insects and bats in unmasked, masked and unlit conditions.
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Introduction

Among the strategies to reduce the impact of ALAN on biodiversity, one is to seek a spectral
composition of light that has less impact on living organisms (Jagerbrand, 2021), for example
by reducing the proportion of bluéght / short wavelength content in the spectral power
distribution of the light source, and to decrease the correlated color temperature (CCT)
(Jagerbrand, 2021). Som¥ates (2013) showed that shorter wavelengths light stimuli were
more attractive to mohs than longer wavelengths. In France, public lighting CCT threshold is
thus limited to 3000K (Cerema, 2019), making 3000K a standard. Simultaneously, to meet this
recommendation for warmer light, manufacturers developed LED sources from 2700K down
to 170K, including LED sources called PC (= Phosphor Corrected) Amber LED that offer correct
light output and a rendering close to that of older High Pressure Sodium lamps.

Our study focuses on the effect of CCT on bats. Spoelstra (2015) demonstrated thaivitgit ac

was less affected by red light (poor in blue content) than by white or green light (both enriched

in blue content), but transferring these results into a lighting strategy is tricky since white light
(whether warm or cool) is commonly preferred ftreet lighting than a monochromatic red
fAIKGD IS | f AaBAKRBKDF SR €0 KIBR drOISA IKKE A NI | OG A OA (&
AG Ay NBR f Al@Htshya LISYOR Skl i NSy 2ayA Ay ATA Ol y it e Y
green light, assumintiat this behavior is caused by an increased insect density.

In this field study, we therefore wanted to assess whether a 1800K PC Amber LED source,
available for public lighting, has fewer negative effects on bat activity than a 3000K standard
LED source. Our two hypotheses were: (1) a 1800K LED, being pooraartikrd, is likely to

attract less insects and therefore will reduegistrellusactivity compared to 3000K LEDs; (2)
activity of lightshy bats under a 1800K LED will be higher than activity under 3000K LEDs.

Methods

To validate or refute these hypothes, we performed a BACIP (Betdier-Controt
InterventionPaired) experimental protocol based on an acoustic survey (Audiomoth
recording devices), using-situ public lighting as treatments. Thus, the Energy Syndicate of
Seineet-Marne Department has nue available public lighting installations on which the LED
luminaires could be replaced. 13 sectors were sampled, each consisting of 3 study sites:
CNBFGYSyd aArAagsS gra tAG o6& | onnnY [95 RdAzZNRAY:
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Control site waslways lit by a 3000K LED; Reference site had no public lighting. A site was
defined as a 100m diameter area with an acoustic recorder at its center. The sites were
selected to be as homogeneous as possible according to environmental and technical criteria
(distance to the nearest forest edge and water point, percentage of urban and forest coverage,
height and light flux of the lighting source, etc.). Sound recordings took place during at least

four nights at the three sites of each sector, for six or sesettors simultaneously, at the

alYS LISNA2R YR GAYS 2F GKS @SIFNJ F2NJ 48SI N wm
analyzed using the softwarBadaridato identify species, via an online deposit on a server of

the French National Museum of Natutdistory.Tadaridaalso provided a level of confidence

(C) on its identifications, expressed as a percentage.

Results

A total of more than 360.000 contacts of bats were retrievedr bgaridawith a C of 50% (C50),

and 188.000 contacts with a C of 90% (CPQistrellus pipistrelluaccounted for more than 90%

of contacts. Bats have been categorized into various guilds according to the distance at which their
echolocation signals are perceiveghort, Middle and Long Range Echolocators (SRE, MRE, LRE).
SRE includeBlyotis, Plecotus Rhinolophusand Barbastellaand count for 0.5 % of the total
number of contacts at COMRE include®ipistrellus, Miniopteruand Hypsugoand count for

96,7% of te total number of contacts at CODRE includeNyctalus, Eptesicluend Tadaridaand

count for 2,7 % of the total number of contacts at C90.

A first manual acoustic checks of these automatic identifications showed that the SRE data had a
not insignificantevel of error, which, combined with the low number of contacts, means that we
are unable to draw any conclusions at this stage. Further manual analysis is underway. On the
other hand, the volume of MRE contacts, coupled with better automatic identibicati
performance, led us to conclude that for this group, the change in color temperature did not have
any significant effect on overall activity. We were also able to verify that MRE activity was
significantly lower in control sites than in treated sitadhétever the light treatment).

Conclusions and perspectives

Switching from 3000K LED to PC Amber 1800K LED does not seem to affect MRE overall
activity. This conclusion is consistent with a recent published study which shawted
different experimentalprotocol that the usual LED CCTs (1750K, 3000K and 4000K) had not
influenced overall bat activity, but confirmed that the lowest CCTs were less attractive to
insects(Bolliger et al., 2022)Ve will now carry out an analysis of overall SRE activity based on
checked acoustic identifications, and an analysis of hunting activity, to see whether or not this
reflects the drop in insect concentration expected in the vicinity of PC Amber LEDs.
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Introduction

Actions aimed at preventing, reducing and mitigatin
the negative effectsf Artificial Light at Night (ALANI)
biodiversity (Longcore et al., 20Q04should not be
reductionist or unidirectional§anders et al., 2021nor
based only on the existing regulatory framework, ofte
incomplete and unevenly implemented across differe
countries. Adopting an ecosystemic approach intirgh |}
projects is possible, and rewarded by tangible result3
as demonstrated by case studies developed over '™
past five years. In fact, this presentation is based on"  Fig. 1: Daylight and anthropogenic
lessons learned from two touristic caves in Ital lighting in Collepardo Caves.
designated as Sites of Communitimportance, Ph.: Jansin & Hammarling.
particularly for bats conservation, and the pilot proje

for a Caretta carettanesting site, included in the EU

LIFE21 Turtlenest initiative. These case studies v
demonstrate how researcinformed lighting design,
is vital for mitigating tle effects of ALAN and fostering
coexistence between humans and wildlife. Havin
established the significance of collaboration i
addressing ecological challenges, especially after da
the case studies will also show how such collaboratic
is crucial to ahieving more effective projects
optimizing both timing and costs. Finally, th Fig. 2Loggerhead turtles hatchling
presentation aims to challenge attendee: atthe Tutlenest Pilot Project site
perspectives on mitigating measuresNEP 2023) Ph.:Chiara Carucci.

with the hope of enriching the discussion fc

sustainable lighting practices.

Methods

In the Collepardo and Pastena caves, the new lighting design aimed to preserve habitats for
bat species such a&hinolophus ferrumequinuand Myotis myotis protected under Annex Il

of the EU Habitats Directiv&iraka et al., 2020 Collaboration with local managers, guides,
and researchers allowed to minimize the effect of anthropogenic lighting on geological
formations and wildlife, while addressirlgmpenfloraas an ecological issue. The project
included innovative design stragees to reduce operating times, and dark aerial corridors to
maintain undisturbed bat flight paths (Sordello et al., 2021). This case study presentation will
also cover the ongoing research on site, and feedback reported by the experts involved
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throughout the projects: the local chiropterologist, two environmental scientists, and a
geologist.

The EU LIFE21 Turtlenest project focuses on the preservation of the loggerhead turtles nesting
sites in the Western Mediterranean. The first pilot project in Ascady,ltoordinated by the
Marine Biology Institute Anton Dohrn, aimed at monitoring and raising awareness of
anthropogenic disturbance. Therefore, this presentation covers the results of the local survey
on ALAN perception, and introduces the specific Lightsuidance currently in force in the
municipality of Ascea. Moreover, along a 1 km stretch of beach, lighting fixtures are being
upgraded to shielded, warstemperature LEDSRbertson et al., 20)6balancing ecological
sensitivity with costeffectiveness The collaboration with marine biologists and municipal
authorities ensured that technical solutions aligned with both conservation goals and tourism
management needs.

The case studies share an adaptive management framework, using field research and
stakeholder feedback to test and refine interventions. This will be presented alongside the
importance of tailoring solutions to the specific ecological and social contexts of each site.

Conclusions
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coexistence between humans and wildlife.
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Flanders, the northern region of Belgium, carries out a Flemish action plan on wild pollinators
as part of a European directive (202@830). To improve the habitat of wild pollinatorbut

also other fauna and floramany efforts are seded in many areas. Limiting light pollution is
one of them. The Flemish government is therefore drawing up a specific policy action plan on
light pollution within this framework.

In 2025, the five Flemish provinces and many partners drew up an onliiesitien guide on
artificial light at night (ALAN). This guide is mainly aimed at local authorities and informs and
inspires policy makers to deal with lighting in the right way. The included good practice
examples help to make wetbnsidered decisions monly based on aspects such as safety or
the perception of it, but also from the point of view of human health and biodiversity. We
hope to develop this guide further in the coming years, if possible also tailored to other target
groups such as sports bisior companies.

These initiatives show that the attention for tackling light pollution has grown considerably in
Flanders and that several governments are now taking steps to protect darkness as an
environmental quality. To deliver the right information the target groups with our actions

on light pollution, it is necessary to fully and nuanced map the issues and thus find out their
(knowledge) needs, motives, obstacles and (good or bad) practical experience.

Therefore, the Flemish government's Enviromh®epartment engaged a market research
agency to conduct a-part stakeholder survey among Flemish municipalities, cities, provinces
and police districts as this is the target group we will focus on in 2025.

Local authorities, together with the netwodperator, take care of the planning, installation
and maintenance of ALAN. They are often also the first line contact point for questions or
complaints from the public and businesses. The local police districts are on their turn
responsible for maintainingrder, but are also involved in (burglary) prevention, reducing
crime, monitoring traffic safety, environmental offences and so on. So they too have valid
information about light pollution ior specific (knowledge) needs.

The stakeholder survey consistefizoparts:

In phase 1, a largscale online survey was distributed to all Flemish local authorities and police
districts with the aim of getting as many responses as possible from various
angles/departments. Within the same administration, ALAN is de#h fvom different
disciplines such as environment and climate, spatial planning, mobility, public domain and
green management. But equally the technical department and departments responsible for
sports, welfare and culture, youth, seniors, heritage amnidldings sometimes (unwittingly)
come into contact with public lighting. Within the police districts, too, there are various
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entities that deal with ALAN. Therefore, the survey was sent out very widely including to
politicians and councilors.

The survey avered the following topics: policy, knowledge and information, regulations and
control and data (on e.g. complaints or violations). For 1 month, thd,500 contacts who
were contacted could share their knowledge on light pollution and the relevanta#gos,
indicate which lighting programs they use and so on.

In phase 2, we then set up a set of roundtable discussions with local authorities and other
stakeholders such as policy officers of regional authorities, nature organizations or network
manages. In doing so, we went deeper into certain questions or themes from the survey.
These sessions also provided interaction between participants from different backgrounds
and allowed them to see what is concerning other departments in lighting projectstessilt,
participants gained a better understanding of each other's point of view and priorities.

G GKS GAYS 2F adzooYAGOAYy3I GKAA o6aildNrOlz ¢S
stakeholder survey. These will only be available from Septer2025 onwards. Regardless,

this study will provide the Department of Environment and other organizations with good
insights. The information obtained will help determine policy priorities, the deployment of
resources and the drawing up of a list of ligiallution actions, e.g. the development of a
framework that helps weigh up the various interests against each other.

The policy action plan on light pollution and the supporting instruments drawn up by the
Department of Environment and future versions bktinspiration guide will thus be much
better tailored to the specific needs of the target groups. As a result, the theme of light will
have a better place within all these organizations and there will be a visible improvement in
lighting and tackling ligtpollution.

During our presentation, we will mainly explain the results of this stakeholder survey. In doing
so, we want to focus on the policy recommendations and priorities that emerged from it.
These results are obviously instructive for Flanders, thety are also useful within an
international context for other, densely populated regions.

Finally, we show how we will work with these results, what steps the Flemish government will
take next and what the expected results of this will be.
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Introduction

The recent programs to convert street lighting from the technologies of high intensity
discharge lamps to light emitting diodes has seen a rush for local governments to reduce
power consumption costs and carbon footprints. These programs driven by a direct
involvement of government by way of funding programs based on carbon emissions. An
outcome of these programs has seen a division in the community between astronomers,
professional and amateur with the lighting industry, as well as division within the lgghtin
community. The issues at conflict: the use of high correlated colour temperature, adequate
colour rendering, ground uniformity, visual comfort, and visibility. Many jurisdictions in many
countries regulate the issues in conflict with standards often Hase CIE standards such as
CIE150 Obtrusive Lighting and may be supplemented with additional controls. This standard
has application in individual and specific situations but is not able to be applied to wide scale
situations such as the total effect ot@wn or city.

The impact of light pollution from a town or city can only be assessed either after the lighting
is installed. Here an approach to modelling presents using a modelling package called lllumina.
A using regional town of New South Wales, Austreelected as a case study. This town with

a current population 50,000 people will become a town of 100,000 people. The impact of this
in increased lighting will be significant. This study presents the results of modelling this town
using various streetighting technologies and discusses the impact on the night sky and
mitigation strategies that would limit impact on rural night skies.

Methods

Using the lllumina software package two models of town are presented. The town is modelled
asitcurrenthSEA&Ga G6AGK | LRLWzAFGA2Y 2F pnZnnn LIS2
second model of the town uses a proposed population of 100,000 people and replacing the
luminaire fleet with narrow band full ceaff amber spectrum luminaires..

Conclusions

The results show that despite employing good lighting techniques light pollution is still a major
factor in deteriorating condition of the night. It also emphasises the need to deploy modelling
technigues to assess area lighting techniques to establish seliba for final ground
measurements of a completed lighting solution.
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Introduction

Artificial illumination at night is an anthropogenic
disturbance which severely impacts our societies a
ecosystems. Nocturnal insects are crucial ecosyst
service providers, and their fitness can be greatly affec
by anthropogenic light at night, amgrothers via positive
phototaxis. The rising popularity and efficiency of lig
emission diode (LED) lighting technology accentuate
need to understand how both spectrum and intensity affe
insect behaviour, especially when building spect
tuneable ighting systems to mitigate the impact of ligr
pollution.

The degree of phototaxis may vary greatly with taxon, lic
intensity and colour but also in nighitne. Interestingly,
how the phototaxis of different taxa is temporall
distributed over the nigh remains largely uncharted. £
better understanding of when and which light coloul
affect insect phototactic patterns is essential when buildi
tuneable timescheduled lighting systems to temporall
mitigate the impact of light pollution.

Methods

Phototactic responses of different taxa to LED spectrum
intensity

In this field study the LED traps emitted light at fo
narrowband wavelengths of three intensity levels of eqt
photon emission (per level) using custom LED light tre
We sampled inscts over eleven nights at two locations i
natural forested areas in the Netherlands.
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Temporal patterns of attraction to LED spectra

In a second study we investigated the interaction between narrowband light colours and the
time of attraction ofdifferent nocturnal insect taxa. We developed caméght-traps fitted

with calibrated monochromatic LED lights and monitored the phototactic arrival time of
insects over twelve nights in forested areas in the Netherlands.

Results

By applying a range ofjht intensities andcolour, we established taxespecific sensitivity
curves Fig. 3. Our data from both field studies show an interaction between insect order and
narrowband spectra, with marked differences in attraction between Lepidoptera(moths) and
Diptera(midges). Rototactic responses peaked in the early-rtoddle parts of the night.
However, the timing of the phototactic peak varied across different taxonomic groups, with
dipteran midges exhibiting phototactic peaks earlier in the night in comparito moth
species.

Conclusions

Attraction of insects to artificial light at night is clearly strongest for short wavelengths of high
intensity, and around the midpoint of the night. Hence, reduction of impact of light on insects
can potentially be besichieved by using narrowband long wavelength, low intense light and
ceasing or lowering light emissions in the earligl parts of the night.
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Introduction

While serving many useful functions, anthropogenic light at night (ALAN) also leads to the
erosion of natural darkness, and of the various benefits that exposure to darkness provides.
The emission of nigkime light well above natural levels is resultimgnegative impacts for
human health and wellbeing, the physiology and behaviour of plants and animals around us,
astronomical research, and personal and cultural connections with the night sky.

Despite all the benefits lights can provide (including read personal safety, orientation
recreation and many more), we know little about how people perceive light at Rigghere

they want it, why, and when they prefer darkness. Existing social studies have focussed mainly
on light as pollution, which can biassponses and overlook its benefits.

PaAy3a | NBLINBaSyidlFdA@S LR LzZ | A2y -dedlaieddS & >
importance of different benefits derived from ALAN and from natural darkness, and
determined to what extent this is driven by backgmal variables. We then assessed what
people felt was the most appropriate mode of delivery for a subset of lighting purposes (i.e.
always on at night, omwhen-needed (using sensors), or briggur-own).

Methods

We purposefully designed a quantitative gay instrument to capture both the benefits of

light and darkness, as well as the attitudes towards those, and not to frame questions using
LIKN} aSa adzOK a WEAIKEG LREfdziA2yQd wSONHzA Y S
panel, and had quotadsed on region, sex, and age, which were based on the 2018 New
Zealand census.

For each benefit derived from light and darkness at night, we fitted a conditional inference
GNBS O0FdzZNIKSNI NBETFSNNBR (-8ky feldted wrigdlieg@lated ass A 1| K R
explanatory variables. Our response variable was-@iBt unipolar ordinal rating scale,

NI yIAy3 FNRBY Wy2G 4 Ff€t AYLRNIFIYGQ (2 WSEGN
approach to model the appropriateness of delivéype of light for a subset of light benefits.

2S dzaSR 2NRAYlIFfE gSA3aIKGa {02G0Qa -~ YSGNRO (2
accounting for the ordinal nature of the importance rating, imbalance in the number of
respondents in each class and éeigeneous performance across classes.
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Results

Benefits derived from light at night were generally rated as more important than those derived
from darkness, especially for safety functions and orientation. Darkness benefits rated lower
overall, and showe less variability.

Trees for all benefits derived from darkness consistently explained the variability in responses

fairly well, and contained two top explanatory variables: Frequency of gazing up to the night

ale YR FTANBSYSyl graxX SRKREFya@iFa SKEYIY WHS NG §
benefits of light at night performed less well, and contained more variables. For all benefits,
except for Advertising, respondents living further away from the city rated the importance of

light lower; and an incresed positive association with light (e.g. agreement with statements
4dzOK +a WEAIKG 0 yAIKG A& aaz20AFdSR gA0GK |
importance score of the benefits. Many other demographic variables were also included in
different trees.

¢CKS LINPLERZNIAZ2Y 2F NBalLRYyRSyida ¢6K2 FStd WLISNH
delivery mode was dependent on the function, varying from highest ratings of 64% for Traffic
safety to 27% for Recreation. There was strong supparlifiits that were only on when

needed (e.g. using sensors), ranging from 31% for Traffic safety to 58% for Recreation, and
intermediate values for Personal safety and Orientation. Trees explained the associations of
these delivery modes poorly.

Conclusios

This study reports a nationally representative study exploring public perceptions of both light
and darkness at niglgtthe first of its kind in Aotearoa New Zealand, and possibly globally. We
contribute to reframing the discourse around ALAN to condiieh light and dark as essential
resources. Our results provide a foundation upon which we can build to develop policy
focussing on contex$pecific tradeoffs between benefits of light and darkness and
implementation of principles of sustainable ligtdin
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Introduction

Since January 2025, the Art of Darkness as Cul
Heritage of Urban Landscap®oject (AoD) has
0SSy FdzyRSR dzy RSNJ | 2
research and innovation framework programm
This initiative seeks to redefine the role
darkness in urban landscapes and cultu
heritage, with the objective of preserving an
developing cultiral heritage sites. Integrating thé
principles of the New European Bauhaus (NE
iKS LINRP2SO0 SELX 2NBap
essential element of urban spaces { C dzy
¢CSYRSNE t2NIlIfZ yORDO

Within this context, an examination o0
/ 2 LIS ¥ K Inigtbtyh@ Znvironment and its
fAIKGAYIQAa YIFadSNLI |y
other cities, it is relatively dark (KgbenhaviFigurel: Copenhagen inner city at night.
Kommune, 2014). This impression is likely to gSelfproduced photo.

Copenhagen a more distinctive context and

unique expression through lightindt suggests

that darkness is a valued resource that needs to be understood and embraced, rather than
something to compete against.

Research in lighting design has increasingly shifted towards lumiszasssl metrics to assess
lighting perception (Hvass,t.eal, 2021). Sensory experience can be then comprehended
through the performance of luminance studies. Luminance is the most representative
photometric measurement of the brightness perceived when a set of illuminated objects are
observed (Valetti et al2021). Luminance studies, therefore, provides a deeper understanding
of the relationship between quantitative data and the qualitative experience of how a space
is endured.

What would happen if we could somehow systematize luminance metrics? Would that ma
the incorporation of darkness in our design easier? How can lighting design harmonize with
night scene of cultural heritage landscapes, ensuring inclusion, aesthetics and sustainability?
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Methods

This article builds on after a literature study, whickpred the connections between
darkness, cultural heritage and lighting design.

Conclusions

The literature study provides a deep understanding of luminance ratios as the methodology
to consider for lighting design in cultural heritage sites. This appreastres that lighting is
suitable for city residents and their visual sensory experience of the place. It also considers
darkness and its values for both people and the environment.

The study invites for a rexamination of how we illuminate cities aight, especially referring

to cultural heritage landscapes. Luminance ratio study is suggested as a parameter to identify
the best gradients of light to be used within a dark environment. This could potentially
facilitate the iteration of lighting propods and lighting scenarios, when designing with
software.
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The rapid expansion of low Earth orbit (LEQ
satellite megaconstellations, such as Starlink ar
OneWeb, has transformed global connectivity b
poses a growing challenge to grouhdsed
optical astronomy(Lawrence et al. 2022; Witz
2025) Satellite reflections disrupt imaging
pipelines, degrade signéb-noise ratios, and .
compromise the scientific output of majo s
observatories, including the Vera C.ulbdh
Observatory, which is expected to detect satelli
trails in a significant fraction of its wieeld
observationgHu et al. 2022)Additionally, small
space objects (ranging from millimetres to metre :
in size) contribute approximately 10% to th Fig. 1: Starlmktralls detected by the Dau
natural sky brightness, while planned meg ENergy Survey camerain 2019. Credit
constellations are projected toincrease sky CTIO/NOIRLgb/NSF/AURA/DEcam DE
s ) Survey. Licensed under CC BY 4.0.
brightness by up to 1% in the woratfected
regions through discrete contaminatidiiyson et
al. 2020)

With thousands more satellites planned fc *°

launch over the next decade, the urgency ‘& .
develop effective mitigation strategies is growin

In this context, we present amterdisciplinary § 2.0 w
collaboration between astronomers and spac

engineers at the University of Surrey, arg '’
materials scientists at Surrey Nanosystems, air 5 |
at reducing the optical brightness of satellite 5
through novel surface treatments. We report oé 0.5
the qualification ofVantablack® 310, a lew
reflectance, spacgrade coating, for applicatior 0'0200 400 600 800 1000
on a studentled satellite mission. The coating he Wavelength (nm)
been engineered to withstand the harsrig. 2: Total hemispherical reflectance prc
conditions of LEO while significantly reducit  of Vantablack® 310. Inset: tieeating
visual signatures across ange of viewing angles. applied to 1U cubesat model.

al reflectance (%)

1200 1400
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This study represents a key step toward the sustainable use of orbital space and the
preservation of the night sky as a shared scientific and cultural resource. We discuss the
expected impact on satellite photometric profiles, itetential integration into standard
satellite design, and the broader implications for astrongsatellite coordination
frameworks. By addressing the increasing threat of satellite interference, this work
contributes to harmonizing the benefits of global neectivity with the protection of
astronomical research and the natural night sky.
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Introduction

Daily and seasonal ligiark cycles are important cues for ecological processes and
species interactions. Artificial light at night (ALAN) disrupts natural light cycles by extending
twilight, increasing nocturnal light levels, and blurring lunar cycl@ésceSthe mid20th
century, ALAN increased an average 6% per year raneg20§o0depending on regidiiolker
et al., 2010) ALAN threatens salmon poptitas by disrupting migratio(iTabor et al., 2004)
behavior, and increasing predation mortal{fglark, 2017; Mazur & Beauchp, 2006; Tabor
et al., 2004, 2017)Salmon predators are primarily visual foragers that exhibit peak predation
during twilight periodgBeauchamp et al., 1999; Mazur & Beauchamp, 208BAN extends
the duration and depth of these low light conditioffdazur & Beauchamp, 20Q@hcreasing
the susceptibility of juvenile salmao predation and potentially influencing survivorship.

Lake Washington, a large natural lake adjacent to Seattle, WA, USA, is heavily
urbanized with a dwindling population of sockeye salmd@ndorhynchus nerkaand
threatened Chinook salmonO( tshawytsha). Both initially occupy nearshore and then
migrate offshore for pelagic rearing for multiple months before migrating to the sea. While
rearing, salmon dieVertically migrate, feeding at shallow depths during {oght periods
while minimizing predatio risk(Scheuerell & Schindler, 200&)utthroat trout O. clarkij, a
major pelagic predator of the juvenile salmon, improve foraging ability exponentathy
slight increases in ambient light during twiligBeauchamp et al., 1999; Mazur & Beauchamp,
2006) ALAN ineases light through the water column and artificially extends twilight,
dramatically increasing times and depths of highly effective visual predation on juvenile
salmon in urbanized watershe@8lazur & Beauchamp, 2006; Tabor et al., 2004, 2017)

In the Seattlearea, a shift in LED streetlighting, increased urban development and the
use of more atrtificial lighting by residential and commercial sources, have amplified the
influence of both direct lighting and skyglow (anthropogenic light scattered and reflegted b
the atmosphere and clouds) and increased predation risk for juvenile salmon. Determining the
relationship between ALAN, predation risk, and juvenile salmon behavior, can guide actions
to increase salmon survival by reducing anthropogenic pressure imdirbshwater systems.

Methods

ALAN intensity by light spectra was quantified using a Compact Optical Profiling System (C
OPS, Biospherical Instruments, San Diego, CA) spectroradiometer surface and profiling unit
which measures light at 18 wavelengths abadband PAR (photosynthetically active
radiation, 406700nm). We measured the spatial variability of ALAN intensity under
completely clear and cloudy skies. Vertical profiles of light attenuation were obtained
seasonally, to capture changes to light aiti@tion rates due to water condition. Ambient light
measurements by depth were converted to predator ability using previously published visual
foraging modelgHansen et al., 2013Pepth distribution of salmon was converted to visual
prey encounter rates using results fromsiu hydroacoustic surveys and depth discrete mid
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water trawling. Stationary hydroacoustic data were used to assess depth responses of the fish
community to anbient light levels from the lunar cycle and skyglow through spring and
summer.

Conclusions

Artificial light at night is an added stressor for salmon in an urban environment. ALAN is
spatially variable throughout urban systems, creating a patchwork oflgiien risk that
fluctuates with weather conditions. Increasing temperatures due to climate change condense
native predators and juvenile salmon into similar depths, increasing likelihood of encounter.
Planktivores are forced to occupy waters with highegedation risk presumably to maintain
sufficient feeding and growth rates. Additionally, warmer waters increase activity and
metabolic capacity of warm water invasive predators, elevating the threat of predation in
shallower depths. Reducing efficiencypsédators by decreasing the light environment are
the main goals of this work. Approaches will need to include decreasing light intensity of direct
lights during periods of outmigration, to lessen brightness in the shallow migratory pathway
from fresh to altwater. Incentives to reduce lighting must be regional, as skyglow has a much
larger impact in the pelagic area due to its diffuse qualities and regional sources. Strategic light
reduction can increase salmon survivorship in urban waterways.
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Introduction

Light profoundly shapes ecosystems, influencing the behaviour and niche specialisation of
many species. This is especially true for visual predatoasticularly crepuscular and
nocturnal animals, to which adequate illumination is essential for foraging. Despite this, how
these animals perceive and respond to different light sources remains poorly undetstood

In this study, we investigate lighperception in the European NightjaicCéprimulgus
europaeushereafter nightjar), a crepuscular insectivore that depends on light to discern flying
insects as dark objects against a brighter background. Previous studies show that nightjar
activity increasesvith both moonlight and artificial skyglow suggesting these birds may use
multiple light sources to enhance prey detection.

The observed activity patterns in response to lureamd skyglowmediated sky brightness,
Ff2y3 ¢A0K -dépedéniorngingBt@tedied, Aikeithe question how nightjars may
use different sources of sky brightness for prey detection during foraging.

Method

Foraging events were identified from acceleration data by detecting a distinct leaping
behaviour characteristic fonightjar prey capture. We used a modified deadkoning
approacH, integrating GPS, accelerometer, and magnetometer data, to reconstruct body
2NASYGFGA2Y FYR SadAYFdiS GKS 0ANRAQ tAYS 27F
to the positionsof the moon and artificial skyglow, derived from moonlight models and VIIRS
satellite data, respectively. To assess the brightness of these light sources, we used moon
altitude and cloud cover as proxies. This allowed us to examine the conditions unagr whi
nightjars orient towards natural versus artificial light to enhance prey detection during
foraging.

Conclusions

Nightjars tended to align with brighter parts of the sky, though not always the brightest. On
full moon nights, they positioned the moon Wwinh their line of sight when it was low on the
horizon, but this decreased as it rose. During other phases, alignment with the moon increased
with its altitude. In moonless periods, nightjars appeared to use sufficiently bright skyglow as
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a background fomprey detection, showing a preference for moonlight when both were
present.

These findings suggest that European Nightjars use illuminated sky sections, including artificial
skyglow, to enhance visual prey detection. In the absence of moonlight, they ctiagla
exploit light pollution for foraging. However, the effectiveness of skyglow as a visual aid likely
depends on its brightness and spectral composition. Further research is needed to clarify how
contrast detection functions under different light coitidns.
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Since the discovery of the intrinsicall
photosensitive retinal ganglion cell: - @
(iIpPRGCs) in 2002, a significant volume
research has shown that light exposut
affects both visuahnd nonvisual health,
including impacts on the circadian rhythr
and mood. Notably, ipRGCs are shown i
be most sensitive to light in the blue
range (450490nm¥. Accordingly, the

" "
wavelength(nm)

recent global shift from classical lightin™
(using incandescent, halogen c

(b)
fluorescent bulbs (Figure 1a)) to LE - ‘
lighting represents a concern due to th
KAIK o6fdzS O2yidSyid y DA
(Figure 1b). This increase in blue lig . :
exposure for humans and environmer - ' ,
requires appropriate quantification to 1
identify and addresthe potential risks.

Laboratory studies evaluating ligh. - v
exposure in  strictly  controlled  Figure 1: Typical irradiance spectrum for (a)
environments have added invaluable incandescent and (b) LED bulb.

insights regarding the newisual human healtleffects of light, but they often fail to capture

light exposure under reakorld condition$. Where realworld exposure is measured, the use

of wearable light monitors has become the most common approach. However, the various
methodological protocols useth date, are inconsistent across studies. To better understand
the methodology required to evaluate the Irish populations blue light exposure baseline (BLU
RAY project), a pilot study of fourteen volunteers was conducted. Volunteers wore light
loggers (LS buttons) in concurrence with fithess watches overday collection period. The
fithess watches were worn for sleep monitoring to identify if correlations could be identified
between sleep quality/duration and light exposure. The light exposure dateegad from the
devices were illuminance and mEDI (melanopic Equivalent Daylight llluminance) which
represents an increasingly blue light specific metric. Light exposure was delineated into 4
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equal periods for analysis, namely, morning (6@2 pm), aftenoon (12pm¢ 6 pm), evening
(6 pm¢ 12 am) and overnight (12 ag6 am).

Exceedance Curves for meD! In the first instance, a significant
— O ight mEDI (Avg=23.54 Ix) H H H 4 H
 omima meni (mgteasony | 1ISSUE was identified which was
— Aemeonmenl (vg=124001) | the |arge exposure range and
— Evening mEDI {Avg=5.53 Ix) . o

variance exhibited over short
time periods. This tended to skew
means to artificially high levels.

For example, if a volunteer was

located within a low light

\ environment for the majority of
an hour but had a brief period of

1000

mEDI

400

200

N
o 20 40 &0 BO 100 dlreCt Sunllght exposure’ the
. - Exceedance (%) . mean exposure was
Figure 2: Light exposure duration curve. unrealistically elevatg. To

counteract this, a technique from hydrological modelling, flow duration curve development,

was successfully employed. This technique was adapted to create light exposure duration
OdzNIS& 2NJ a[ 95 OdzNBS&é¢ 6KAOK §kghik®bisimetoK S LIS N
exceeded (Figure 3). The overall mean was then simply calculated as the integral of this curve.
Utilising this method, the longer period of low light has a greater influence on the average

than a short period of bright light makirthe resulting average more representative of the

actual exposure.

Using exposure means calculated via this LED curve approach, we found that increased
morning illuminancé” =0.552, p=0.041and morning mEDQJ =0.556, p=0.039) had a positive
correlation wth deep sleep duration. Conversely, increased overnight illuminare8.623,
p=0.017) and overnight mEDI=0.573, p=0.032) were negatively correlated to REM sleep
duration. This negative correlation is concerning as ALAN levels continue to risedabinsi

and outdoors. Our results also mirror recent studies, that used controlled lighting
methodologies, showing using daily exposure studies can have similar results.

The second identified issue in this study was the consistency of the data gathenedhieo
wearable light loggers. Thus, the reliability and validity of light sensors requires significant
further study, validation and standard protocol development.

Presently, the BLARAY team is undertaking a controlled validation study, with devices being
evaluated in dark room conditions using state of the art spectrometers and calibrated lamps
for both indoor and outdoor lighting conditions.
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Light pollution significantly impacts urban green areas, affecting both the environment and
people who rely on these areas for recreation and nattwanection. The G20 summit 2021
proposed planting 1 trillion trees by 2030 to restore nature in future cities, emphasizing the
multipurpose role of urban forests in carbon absorption, biodiversity conservation, heat island
reduction, and water cycle reaation (Francini et al. 2024). However, artificial light at night
(ALAN) disrupts urban green areas globally, negatively impacting ecological processes crucial
for tree health and growth (Lian et al. 2021). Not only ALAN interferes with natural cycles of
trees, thus altering carbon sequestration processes (Lo Piccolo et al. 2023, Meng et al. 2022)
and increasing their vulnerability to stressors (Wei et al. 2023, Bara et al. 2023), but it also
disrupts nocturnal pollination networks and reduces biodiversievertheless, public
illumination affects perceived safety, walkability, and inclusivity of spaces, even with gender
related differences (Rahm et al. 2021), highlighting the complex balance between the
ecological and the social perspectiviéghile the stae of the art in research on light pollution's
effects on plant physiology and phenology is vdelcumented (Friulla et al. 2025), research is

still limited compared to studies on its impact on humans and wildlife, highlighting the need
for further studiesacross urban, suburban, and natural environments (Bennie et al. 2016). This
work explores the pivotal role of remote sensing technologies in monitoring the global impacts
of ALAN on urban green areas, integrating satelidsed light pollution radiance l6tained
OKNRdzZAK (GKS +*+A&A0fS LYFNINBR LYIF3IAYy3I wlkRA2YS
of nighttime light images for mapping hotspots in urban green spaces at the global level. The
multidisciplinary approach aimed at supporting global urbdanping of resilient green
infrastructures, also suggesting future analysis to explore correlations with ecological factors
like carbon absorption, plant health, and resilience to disturbances.

Methods

This study involved several steps to identify citfesus on treecovered areas, and quantify

light pollution in urban green areas. First, a 500m resolution map was created to identify cities,
considering areas with at least 20% of urban classification by the Cope@iiciial Human
Settlement LayerSecod, cities smaller than 10 pixels (2.5 km?) were excluded, anecitgn

gaps within cities were reclassified. Third, tem/ered areas were identified using the ESA
World Cover dataset. Next, to quantify light pollution, a time series from 2013 to 2023 was
analysed, applying linear regression to assess trends in light intensity for each pixel. Finally,
the trend's reliability was assessed usirggtues and the Pearson correlation coefficient.
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Results

Preliminary results show that the average trend (itee slopes of the linear regression), is
growing globally in the studied period (0.103), with the biggest increasing trend in the Asian
continent (0.206), led by Western Asia region (Fig. 1). The opposite trend was observed for
the European continent-Q.104), where Southern Europe region registered the largest
decreasing trend in light pollutionQ.378), especially in smaller states. In detail, at the country
level, the top five increases are recorded in Finland, Irag, Kwait, Norway and Bahrain (from
highest to lowest). On the opposite, the five countries recording the largest decreasgirare
order ¢ Holy See, Iceland, Turkmenistan, Yemen and Macao. Overall, half of the investigated
countries reported a trend above the global average value.

Global trend of light pollution in urban green areas (2013-2023)

Top 5 decreasing Top 5 Increasing

Country - ISO3

Decrease Increase

Fig. 1 Gloal trend of light pollution in urban green areas (2€A@&23).
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Introduction

Research on théiological effects of artificial light at night (ALAN) demonstrates that widely
applied light with higher correlated colour temperature (CCT) has a particularly strong and
often negative effect on many organistisAccordingly, light with a lower CCT @ibved to

be less disruptive to animal physiology and behaviour. However, knowledge about spectrum
specific behavioural and physiological responses is still limited or inconsidtamte, there is

a risk that recommendations of spectral tuning may bersiime taxa while harming others,
leading to the emergence of novel ecological communities and cascading effects on ecosystem
functioning. To better understand the influence of ALAN on biological processes, it is also
important to recognize the relationghibetween illuminance level and spectral response.
Therefore, we conducted a metmnalysis to investigate how different wavelengths and
intensities of ALAN (here categorized by illuminance) affect animal physiology and behavior.
In our analysis, we considid the response of different taxa and functional groups (nocturnal
vs. diurnal species, carnivores vs. fa@arnivores).

Methods

We surveyed the literature in Web of Science and Scopus forneeewed papers published

until 30 August 2023. We selectetlidies: (1) testing biological effects of ALAN on animals;

(2) with a control (dark night conditions) and treatment groups exposed to ALAN with
illuminance up to 180 Ix; (3) providing information on applied light types and light levels; (4)
containing dataon means, sample size and estimation of variation. In total, 314 studies (with

4 905 effect sizes) met our inclusion criteri@r each study, we classified illuminance as low
OX p fEUVUZ Y2RSNIGS oBp XuHn € EO FoowingbrbadK o6 H H
spectrum (white) light types: with CCT > 300B& ¢od), 2) with CCT < 3000 BS warm); 3)

with CCT > 3000 K, but also containing UV radiaB& (Y. We tested the effects of ALAN

on circadian physiology, reproduction and developmertcturnal activity of nocturnal and

diurnal animals, foraging in nocturnal carnivores and-tamivores, and insect abundance.

The metaanalysis was conducted using IBM SPSS Statistics 29. Effect sizes were computed as
standardized mean difference (Hedggsbetween control and effect treatments, which we
considered significant when their 95% Cls did not overlap zero.
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Conclusions

The strongest response on biota was produced by BS_UV light, which contains a relatively high
amount of blue light, which is kwn to affect the circadian clock in many spe@emd also

emits light in the UV range, which may be biologically relé¥afihe impact of BS warm light

on biota was higher than expected, as effects caused by BS cool and BS warm light did not
differ dgnificantly. This was a result of the strong influence of BS warm light on nocturnal
rodents and diurnal birdsThe effect of illuminance was largely desdependent for the
individual categories of response variables, and we found that even dim light influenced
significantly both physiology and behaviour. Physiological processes were strongly affected by
BS_UV an8S cool light due to disruption in circadian rhythms and suppression of melatonin
levels. BS_UV light intensified the metabolic response in animals, while BS cool light increased
oxidative stress and decreased reproductive success. We found no effetfepérat light

types and levels on animal developmenihe behavioral response to ALAN was specific to taxa
and functional groupsBS cool light and, to lesser extent, BS warm light impaired successful
mating (especially in nocturnal moths, fireflies andphibians). ALAN suppressed nocturnal
activity of nocturnal species, however, bats responded to BS cool light, while rodents to all
types of illumination. Nocturnal species also consistently reduced their foraging activity and
consumption under ALAN. Carares negatively responded to BS cool light, while -non
carnivores to both BS cool and BS warm light. Nocturnal activity in diurnal species (birds,
lizards, and fish) was stimulated by ALAddjardless of the type of lighBurprisingly, all types

of light were equally attractive to insects increasing their abundance, even though many
studies reported strong attraction to short wavelengths, especially UV radfafipand we
observed their increased activity in BS cool light.

Our study shows thatreplach a O22f ¢ €t A3K(G o0& AffdzYAYylGA2Y |
be an effective solution, because the spectra of BS warm light cover wavelengths that fall
within the sensitivity range of many species. Therefore, spectral tuning may have limited
capacity tareduce adverse effects of ALAN. Furthermore, there is not always one safe dose of
ALAN, as dim light produces relatively high impact on biological processes. This suggests that
dimming would be most appropriate for limiting high ambient light levels aedite of ALAN

should be restricted to the minimum possible.

References

“DI AG2y YWSX RS aAaddzSt !'{ OHAHHUL 9YBANRBYYSYylGlt AYl
wSaz2dz2NOody Y oTo

"DNHzo AaA 0O aX | FAY !5 . Kdzal fd to%H nsvpoA yf 2\y3AK (5 a2 O dzii N
LK2G2NBOSLIiA2YyS YR YStld2yAy Ay OSNISoN}IdGSaoe {d

°ly [FTyaS@St RS Cx 9GGSYlI WX 52yySNA asx 2FffAasé
O2YLRAaAAGAZ2Y 2F I NIAFROX2 O KA R IAKMHENAEWKSES NI (O Mh OW A 2

" NBKY WX bASNXNIYY WEI WHAYSAa bAy2 [aX 9yaStAiy3da 5.
G2 dzf Ny @A2fSG yR of dzS vNawRpyl GA2y ® LyaSoaG /2yasSN

ALAN 2025



77

Introducing the Global Ocean Artificidlight at Night Network
Theme:Governance & Regulation
Thomas Daviés and Tim Smyth

1 University of Plymouth, Plymouth, UK
2 Plymouth Marine Laboratory, Plymouth, UK
thomas.w.davies@plymouth.ac.uk
" presenting author

Ten years ago, we knew almastthing about how much light
pollution the oceans were exposed to, the ecological h
this caused, or whether management interventions w
needed to help ecosystem recovery. After a decade
concerted research effort from ecologists, oceanograph
and social scientists around the world we are beginning
FyagSNI 0KSasS [jdSadAiazyao 2N RQa
impacted by light pollution nightly. 1.6 million kilometres squared of the worlds exclusive
economic zones are exposed to biologically imanttlight pollution to a depth of at least

10m. There have been more than two hundred documented impacts of light pollution on
marine wildlife, including in the worlds most important ecosystems. Despite this, light
pollution at sea remains almost completainregulated by national and international policy.

This presentation will briefly introduce the Global Ocean Artificial Light at Night Network UN
Ocean Decade programme (GOALAMMw.goalann.ory GOALANN is an imtetional
YySig2N)] 2F GKS 62NI RQa fSIFRAYy3 SELISNIA Ay Yl
to better manage light emissions into the sea. Our mission is to conserve the oceans by
improving knowledge and awareness of marine light pollutios,eitological and societal

AYLI OGaz FYyR YIyF3aSYSyd 2LJiA2yad Dh! [ ! bb 0NR
and government entities to provide a central resource of expertise, projects and tools for
policy makers, environmental managers, and maritimdustries. We are an interdisciplinary

network addressing all dimensions of the light pollution issue including the existing and new
policy landscapes, stakeholder perceptions and awareness among environmental managers.
We are developing novel tools to prove ALAN management in the sea, including open access
datasets, interactive mapping tools and policy briefings on ALAN.
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Introduction

Freshwater ecosystems are vital for human vioeing, supporting biodiversity, sustaining
primary production and regulating carbon fluxes (Dudgeon et al. 2006). Despite covering less
than 1%of the Earth's surface, they host approximately 10% of all known species. However,
with over 50% of the global population living within 3 km of freshwater bodies (Kummu et al.
2011), these ecosystems are increasingly vulnerable to urban pollutants, mgladificial

light at night (ALAN) (Holker et al. 2023). Light serves as a key environmental cue in freshwater
systems, regulating critical biological processes such as diel vertical migrationt(EhéM)
largest synchronized migration on Earth (Bandarale2021). Zooplankton rely on DVM to
balance feeding opportunities with risk, ascending to surface waters at night and descending
during the day to avoid visual predators and harmful UV radiation. This migration plays a
fundamental role in ecosystem funoh by regulating biomass transfer, limiting harmful algal
blooms, and transporting carbon and nutrients throughout the water column (Bandara et al.
2021).

Because DVM is tightly regulated by natural light cycles, including variations in lunar light,
disruptions to these cues, such as those caused by ALAN, could have profound consequences.
ALAN alters the timing, intensity, and spectral composition of light cues, yet its precise effects
on DVM remain unclear. Furthermore, research on natural lunar influeonoezooplankton

DVM has been hindered by technical challenges in tracking zooplankton movements with high
temporal and spatial resolution (Bandara et al. 2021). As a result, even baseline understanding
of how moonlight shapes DVM remains incomplete, mgkirifficult to predict how artificial

light might alter these patterns. In this research, we used stditthe-art in situimaging and
hightthroughput image analysis to determine zooplankton vertical distribution in open waters
at unprecedented spatiot@poral resolution. We first established baseline DVM patterns
under natural lunar cycles in a nepristine lake environment, then tested responses to
artificial lighting by simulating a harbour scenario.

Methods

Sampling; Baseline data were collected at Lake Stechlin, Germany, goniséine freshwater

lake with minimal light pollutionin situ measurements were conducted using a modular
Deepfocus Plankton Imager (mDPI) with a vertical resolution of 10 cm. We focused on
(adocera and Copepods, as they are abundant at the study site, known to migrate, and can
be accurately identified using Al. To examine the effects of ALAN, we compared DVM under
new and full moons, as well as under LED lighting designed to simulatdariificnination

from a harbour (Figure 1).
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Fi gBrePhoto of the experimental design, where LED | ights ar
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Data processing and analygj$Ve used Abased Convolutional Neural Networks (developed

at IGB; Walles, 2020) to classify zooplankton taxa and size classes (small, medium, large).
Mean depth for each species @rsize class was plotted against time across the lunar cycle
under both natural and artificial lighting conditions to assess changes in DVM behaviour.

Conclusions

Our findings confirm that DVM is readily observable at Lake Stechlin and that zooplankton
behaviour is influenced by moonlight, size, and species. Using this dataset as a baseline, we
examined the effects of ALAN under a simulated harbour environment. Our results show that
ALAN reduces the magnitude of zooplankton DVM, with individuals remaiegged in the

water column. This study highlights the importance of understanding natural light dynamics

Fa | F2dzyRIGA2Yy FT2N FaaSaairay3a '[! bQa STFFSOD
should focus on the broader ecological implications of these bel@al shifts.
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Introduction
Artificial light at night (ALAN) is known to be one of the causes of the global decline in insect
populations (Owens et al., 2020affecting important ecosystem functions and services
associated with insectsncluding biological control. Amoridymenoptera parasitoid wasps
represent a hyper diverse functional group with a wide rangenafescribed species and host
organisms, many of them playing important roles in integrated pest management. However,
while in pest control (e.g. light trapping in greenhouses) attraction is often a desired effect,
the attraction of insects to ALAN constitutes a major problem in natural environments. By
affecting host and parasitoid species and life stages differently, tHislikkely have an
influence on topdown control in insect food webs with unknown consequences for associated
ecosystem functiongSanders et al., 201.8Mitigation strategies to reduce insect attraction
are therefore urgently neededn a previous study wehowed that tailored and shielded LED
road lights can effectively reduce the attraction of nocturnal insects via reduced spill light and
a reduced visibility of luminaire heaflSietenberger et al., 2024)n this study, we tested the
effect of these noveluminaires on the attraction of parasitoid wasps as a sensitive indicator
group at species level in an experimental BACI design (BAfteeControtHmpact).

Methods

We monitored the attraction effect of individual luminaires (n=28) on nocturnal isseth

flight interception traps over a period of two years (262022) at three municipal streets
(study sites) close to nature reserves in Southern Germany, representing a gradient in skyglow
and urbanisation. At each study site, paired control and irhgdes with similar numbers of
replicate subplots (luminaires) were selected. At the impact sites, we converted different
types of road lights with less shielded emission (LED 4000K, high pressure sodium 2000K) to
tailored and shielded LED luminaires (MBDOK, 2700K, 2000K) after one year while the other
half served as controls. Parasitoids were determined to family/genus level morphologically
andtarget DNA sequences of 106 attracted individuals were analysed and searched against
BOLD and NCBI databassng the Basic Local Alignment Search Tool BLAST. A phylogenetic
tree confirmed our identifications.

Results

Modelling parasitoid abundance in different treatmen@lSigure 1) analysis showed that
tailored and shielded luminaires attracted significantgsd parasitoid wasp individuals
(Abundance) and species (Species richness) than conventional luminaires in the same year.
We identified 106 parasitoid individuals (62 morphotypes) of a minimum of 45 genera out of
13 families. Out of 21 different identifiedspecies, 14 were not reported in Baden
Wirttemberg (3 not in Germany) in the Global Biodiversity Information Facility GBIF. Of these,
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11 species were not reported for Bad®irttemberg elsewhere in the available literature
and newly reported on a moleculbasis.

Conclusion

Our study indicates, that tailored and shielded road lights will reduce the ecological impact of
ALAN on parasitoid wasps across many taxa and host associations. Considering the different
life-histories of attracted species, the poteatiimpacts of ALAN include an influence on
nocturnal pollination and Lepidoptera populations via parasitism, biological control of invasive
pest species and tritrophic interactions between primary and secondary parasitoids, with
unknown consequences for esystem functioningTo our knowledge, this is the first study
investigating the attraction of parasitoid wasps to public outdoor lighting under field
conditions at this level of taxonomic resolution. This was achieved by applying an integrative
taxonomicapproach, including morphological, molecular and phylogenetic analyses.
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Figure 1:Generalized linear model showing the effect of different treatment groups on the
number of individuals (abundance) and species (species richness) of attracted parasitoid
wasps per luminaire and treatment (grey points). Error bars show model predictions and 95%
confidence intervals. Letters refer to a pairwise comparison (Tukeylmastest). Different
letters indicate significant difference. Only the conventional roadtsighED 4000K, HPS
2000K) in the Period After (Control After) attracted significantly more parasitoids than all
other treatment groups (p < 0.001***, p < 0.001***, p < 0.001***) and there were no further
differences (© photographs Andreas Jechow).
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Introduction
Areas where electric lighting systems are installed and theirdaching effects increasingly
intersect with where wildlife communities inhabit. Recent investigations point out towards
technological adaptations, e.g., changing illumination levels, splemimposition(Jagerbrand
& Spoelstra, 2023; Longcore, 2028)d optical distribution of light sourcg#belson et al.,
2023) to enable the reduction of ecological effects while keeping lighting infrastructures for
affording pedestrian visual functions. Ecological studies conducted in lab enensmay
either conceal responses produced in a reakld context(Aulsebrook et al., 2022y neglect
linkages between animal physiology, life history and sensory stimuldBaminoni et al.,
2020) Temporal atmospheric shifts could alter electighting effects, thus affecting the
magnitude of sensory pollutants in masking or deceiving natural cues from moonlight animals
need to moderate their behaviours. lllumination from moonlight varies between 0.001 lux on
a clear starry sky and a full moah0.1-0.3 lux(Rich & Longcore, 20Q6)here even very low
illuminances of 0.001 demonstrated movement changgistressing breeding and singing
behaviourgAulsebrook et al., 2022Dther environmental factors thatansiently affect light
environments are derived from cloud cover, which has been shown to reproduce light
pollution (Kyba et al., 2011and when combined with the albedo of snow that has reflectance
up to 95%Demers, 2015ndicated two times higher illuminance of full moon under overcast
skies (Jechow & Holker, 2019).
Field investigation and methods
We conducted fieldworks on a pedestrian pathway traversing an urban forest of Uppsala,
Sweden as part of the NorDark research project to study the produced effects of diverse
lightingscenarios. The two light sources included in the study were an LED lamp of 3000K with
a light output of 2100 Im (LED A) and a prototypical LED of 2300K, 2100 Im (LED B), designed
by using clear and ambeoloured optic lenses. LED A and LED B installatieresmeasured
at the fully operational level (100%); additionally, LED B was measured under dimmed
conditions at 10% level.
llluminances were recorded at horizontal and vertical planes with Haeld measurement
devices (GL Spectis regular probe and &#filisor) on the points defined by a grid stretching
from the path every 4 meters up to 20 meters into the woods between two lamp posts at the
testbed (Dincel, 2023pbetween November 2022 and January 2025. Six scenarios included in
our study were recorded in overcast skies after dark with and without snow coverage on site.

Results

The lowes average horizontal illuminance was 0.01 lux when LED B operated at 10% level
without snow starting from 12 to 20 meters into the woods. The highest average horizontal
illuminance was 56.97 lux on the path when LED B fully operated under snow covéj).(Fig.
Additionally, results from the statistical analysis of horizontal values indicated that the effect
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of each light source (A and B), snow coverage (snow arghow) and illumination level
(100% and 10%) are significant (P>0.001) when logged lux vaduesised in calculations.

w— LED B 10% cvercast snow
EDB 10 {
ED B 10 ow
ED B 10 .
s LED A 1 vercast snow
w— LED A 100% overcast
e \

/ —
=2 = % =35 \_

2 meters 20 meters

Fig. 1: The average horizontal illuminances estimated on the grid section crossing two lamp posts at the testbed
illustrating six scenarios from two light sources (A and B) and two light settings (100% and 10%).

Conclusions

Fluctuating reaivorld conditions can inform adaptive lighting technologies more realistically

in accommodating species' habitats. Provisional changes, e.g., weather and sky, could become
the basis for shifting between lighting scenarios via lowered lgytput and spectral
alteration given the significant effects electric lighting might produce on local ecology.
Additionally, lowering light levels can save energy, while simultaneously modifying spectral
composition by reducing shoewavelength content migt counter energy efficiency and
present visual challenges for pedestrians. Different metrics can be prioriisees, 2019)

based on the specific habitat, visual demands and temporal conditions.
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Plants and animals follow a natural-Bdur cycle influenced by th&un, while humans depend

on environmental cues, such as daylight patteeg{ diurnal cycles) to regulate their internal
biological clock and essential physiological functions, including sleep, blood pressure, heart
rate, and hormone production (Jansarv Rensburget al, 2021). However, the human
relationship with lighting has evolved significantly in recent decades. Modern lifestyles have
reduced outdoor exposure, in concurrence with increasing exposure to artificial lighting from
selfilluminated dewtes like computers, tablets, TVs, and smartphones for both work and
leisure. Simultaneously, liglemitting diodes (LEDs) have steadily replaced traditional light
sources due to their superior energy efficiency.

According to the International Energy Agen@¥A), residential LED sales rose from
approximately 5% of the market in 2013 to approximately 50% in 202R.illumination, along

with computers and smartphones, emit significantly more khegiergy blue light than
traditional incandescent bulb@EA, 205). Depending on their correlated colour temperature
(CCT) and brightness, blue light content can range from 15% to 47%, compared to just 9% of
incandescent lighting. This excess exposure can adversely affect human health and the
environment. Shorwavelength electromagnetic radiation, including blue light, can harm the
retina, contributing to visual disorders including digital eye strain, retinal damage and
phototoxicity linked to age related macular degeneration (AMD), myopia progression and
associated pthologies (detachment and maculopathy), with the prevalence of myopia
anticipated to rise significantly in the coming decades (Morgfzal., 2021).

Beyond its impact on vision, blue light exposure can also disruptvisal wellbeing by
interfering with circadian rhythms. This disruption has been linked to sleep disorders,
hormonal imbalances, increased stress levels, and a higher risk of conditidmas diabetes,

as well as breast and prostate cancers (Kogewahak 2018). Additionally, blue light pollution
can negatively affect the environment, altering biodiversity by influencing animal behaviours,
including predation and migration patterns.

Accordingly, the European Environment Agency (EEA) has recently recommended the
introduction of new thresholds, guidelines, and policies to minimise the effects of blue light
exposure. However, EU member states including Ireland lack specific bindihaticegs The
EPAfunded BIURAY project aims to address this gagpresenting the first Irish study to
assess the potential toxicity of shedrm and cumulative longerm blue light exposure.
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Fig. 1: PRISMA diagram outlining the four phases of the search.
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Our analysis of current
global knowledge
began with a scoping
review involving four
phases, (Fig. 1)The
review includes peer
reviewed articles from
Q1 and Q2 journals

published in English
since 2000.
Overall, 173 studies

were identified, with a
significant proportion

coming from North
American and Chinese
institutions (43%).
More than half (53%)
were published
between 2018 and
2024.

The studies were grouped into clusters according to their main topics (Fig. 2). The analysis
found a weak but statistically significant relationship between location and year of publication
0p.=-0.159; p < 0.005). However, no significant associations were observed between year of
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Introduction

Artificial light emissions are increasing worldwide and are a major problem in terms of health
and environmental impacts, including the energy waste of the light itself. To understand the
causes and implications of light pollution it is necessary to ha&cient information to
enable action to be taken, including determining the responsible parties. Unfortunately, the
apportioning of this light between different sources and types has, in the past, been difficult
to determine from relatively low resolutiosatellite data such as that from SUOMI VIIRS Day
Night Band (DNB) with a nominal equatorial resolution of 742m and relatively largenigter
variations from the effects of a wide range of angles and intermixing of ground sources with
differing time claracteristics. While higher resolution International Space Station colour
imagery has been available for some time it is limited in terms of coverage and quality and
requires radiometric calibration to be of utility.

Methods

With the launch of the Chinese SDGSAIR 2021, the ALAN community now hasefaccess

to 10m resolution calibrated nigkitme panchromatic imagery covering 4900nnt. In
addition, contemporaneous 40m resolution RGB imagery and 30m resolution thermal imagery
is also available, with all data being taken in meadir conditions.Since the orbit is sun
synchronous, images are taken at roughly 21:40 local time on different overpasses when
human activity levels are higher, which compares with the lower resolution VIIRS DNB data
taken at roughly 01:30 when activity is much lower. &kailability of detailed data enables

Fig. 1: An area @ublin viewed on different dates shows striking differences due to illuminatio
sports areas. Images are for a weekend and weekday night (left and right images, respecti

1 https://sdg.casearth.cn/en/mobile/datas/SDGSAT
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day-to-day and montko-month variations to be studied at fine scales, including the impact

of seasonal holidays. As examples of day of week differences, Fig. 1 shows that there is a
striking difference in the use operts areas, with the weekend showing relatively few lit areas,
while the converse is true when we look at data centres (Fig. 2).

Our previous light censuses have been of relatively coarse aoertam results due to the
relatively low resolution and intenight variability of the VIIRS DaDue to its combination of
sensitivity and high resolution, the SDGSAT data permit relatively weak features to be
distinguished, increasing the level of utilior tracing the behaviour of a range of light sources
down to the scale of individual houses and even cars.

Fig. 2: Data centres (left and right of centre) show the opposite lit behaviour to that of Fig. 1. T
brightest areadelow centre are a car park (arrow tip in left image) and a tennis court (arrow tig
image). As before, a weekend and weekday night are shown in the left and right images, resp

Presentation

In this presentation we will discuss the time variations of lighting onalayeek and seasonal
effects together with estimates of tat energy loss for a range of land use types and
population centre sizes ranging from rural communities to large urban areas. Additionally, to
study the impact of ALAN on the local environment, we will compare our satellite
measurements of upwelling lightith high cadence contemporaneous data from a number of
groundbased Sky Quality Meter locations to indicate their sensitivity to changes in the
surrounding lit environment. Our work will demonstrate the importance of high resolution
satellite data for undrstanding the intricate details of light at night and the connection
between upwelling light and zenith sky brightness.
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Introduction

Animal behaviour has evolved under relativ
consistent cycles of daylight and nocturn
darkness. At night, both diurnal and nocturn
species align their behaviour with predictabl
recurring, yet subtle changes in light govern
by the lunar cyclé With the advent of artificial
night lighting, much of the inhabited world h
lost naturally dark skies. However, th
consequences for individuals, species, a
ecosystems have primarily been studied in thes
context of direct light emissimt whether

chronic or temporary that infiltrate local Fig. 1: lllustration of a nightjar performing a
nocturnal habitats2. aFTfteoOl t1OKE = dza A y 3 uKS

its prey, a flying moth. Image by Tim Visser and e
In contrast, the effects of a more diffuse forr by Ruben Evens.

of light pollutiort skyglow remain largely

undocumented3. Skyglow is the broadale illumination of the night sky, caused by artificia

light emitted upward, which reflects off atmospheric particles and scatters back toward Earth.

As a result, artificial light from urbanized areas can brighten natural night skies tens of
kilometres away. Skyglow is known to mimic the brightness of anfodin night, especially

under overcast conditions, when the sky would otherwise remain‘dahilike the predictable

variation in moonlight, however, the intensity and direction of skygtoediated sky

brightness can shift rapidly over the course of a higkiven that skyglow now affects the

nighti A YS SY@ANBYYSY(d Ay opr 2F 9 dzRdisEabto A Y L2 N
understand how animals respond to such dynamic changes in artificial nocturnal light regimes.

Methods

Given that even lowintensity changes in moonlight affect the behaviour of most species on
Earth', our research group investigates whether nocturnal, vistafignted predators can
respond rapidly to skyglovnediated brightness during previously dark periods of the night.
To expore this, we collect two main types of data: tracking data of nocturnal species and
information on their experienced light environment.

We focus on the European Nightj@dprimulgus europaeiysa ~70 g, visuaHyriented aerial
insectivore that useswilight and moonlight for activity timing, navigation, and resource
identification. During the breeding season, we deploy-G&%®lerometers across six sites that
differ markedly in skyglow exposure, ranging from six to 90 times brighter than natural
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stadight. GPS loggers record movement at thragute intervals, while accelerometers
capture highresolution (25 Hz) data on behaviours (resting, flying, singing, and foraging).

We collect five types of light data, of which only the first three are curremdld. First, we

use the RLJF O1 I 3 S Sdoadstamtitd Eéoilight exposure (lux) and moon altitude
(degrees) for each accelerometer data point. Second, we extract skyglow levels from
www.lightpollutionmap.infoé + LLw{ RIGFT onn Y NBaz2tdziAaz2yT
CKANRY ¢S 200GFAYy K2dzN¥ & Of 2dzZR O2@SNJ RI Gl
resolution; Hersbach, 2016). Additionally, we collect-specific sky luminance data (SQM
three minute interval) and aliky images across lunar phases and cloud conditions.

Conclusions

Nightjars in our studies adjust the timing and intensity of their crepuscular and nocturnal flight
and foraging activity in response to both sunlight and mah®8. Cloud cover further
modulates ambient light by dimming the twilight skadvancing activity at dusk and delaying

it at dawn. At night, however, clouds amplify skyglow, brightening an otherwise moonless sky
and promoting nocturnal activity. Thesadings support the idea that natural light cycles
strongly influence the daily rhythms of visual predators, while also identifying skyglow as an
emerging driver of nocturnal behaviour. Given that nightjars detect flying insects by
silhouetting them againtsthe illuminated sky, our recent studljurther shows that nightjars
actively orient toward moonlit and skyglelit sections of the sky.

Results from several of our studies suggest that nocturnal species can quickly adjust their
behaviour in response tche rapidly changing nature of skyglo® At the same time, they

also underscore a pressing gap: the lack of-fioale, biologically meaningful measurements

of skyglow variability especially regarding its intensity, spectral composition, and spatial
diredionality. Besides raising awareness for the impact of skyglow on nocturnal communities,
this talk aims to initiate the development of tools capable of capturing fighuency,
ecologically relevant data on natural and artificial nifjhte light in a coseffective manner
enabling researchers to monitor multiple sites simultaneously.
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Introduction

Modern landscapes are increasingly dominated by artific
light at night (ALAN). Concurrently, most invertebratcfess
(60 %(Holker et al., 2010) are nocturnal, and as such$
particularly sensitive to light (Schroer & IKér, 2017).
ALAN is known for its impacts at individual, population
community levels, across a range of taxa (Bgyes et al., -
2021; Gaston et al., 2021 Recent switch to energgaving F|g 1: Expenmental ||ght|ng rig.
light-emitting-diodes (LEDs) has significantly alterr  This image is by Madeleine
nocturnal landscapes. However, evidence suggests L..... Fabusova.
modifying the properties of LEDs allows for the negative impacts of ALAN to be mitigated
(Evans, 2023Mitigation strategies such as changing light colour (CCT), shieldingyigiairt
lighting, dimming, are suggesté@aston et al., 2012However, we lack cwrete evidence to
support how these mitigations limit impacts on ecosystem services and ecological networks
(Evans, 2023; Knop et al., 2017)

Ecological networks (EN) provide a useful framework for investigating how street light
mitigation measures affect interactions between species, and thus the function and stability
of ecosystemgMontoya et al., 2006)They have been successfully used to elucidate the
effects of various anthropogenic activities (gglacgregor et al., 201R)Knop et al. 2017, in
particular, highlights how examining community level responses to ALAN through ENs is a
practical way of investigating direct and indirect effects of streetlighfgop et al., 2017)
Whilst a variety of taxa have been the subject of ALAN studies, moths, key pollinators and prey
food for many predators, are a great indicator spe¢ldahn & Brihl, 2016; Macgregor et al.,
2015) Here, we aim to combine a variety of direct gdimg methods and new technologies,

to understand how street light mitigation measures could impact moth (Lepidoptera)
ecological networks.

Methods

We aim to test the shorterm responses of nocturnal moths to 4 light mitigation measures.
We use mobile eperimental lighting rigs which mimic conventional streetlights and are fitted
with timers and dimmers. These can be positioned in iggive environments thus removing
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any effects of existing lighting sourc@®oyes et al., 2021)Ne test 5 treatment levels: full
night lighting (positive control), partight lighting (one light turned off at midnight [industry
standard(Evans, 2023)one turned off 3h after sunset [seasonalgdapted to match changes

in activity related to sunset]), dimming (to minimally acceptable standards), and dark control.
During 4night blocks, we monitor moth activity every 3 hours, using fhgkérception traps,
beamcounts, and netting. Once caught, each moth is kept in a separate pot, cooled, identified
to species level (where possible from visual identification) and its msyabbed for pollen

(to reconstruct flowesvisitor networks). The pollen is kept frozen for metabarcoding analysis.
On the last day of the sampling block, we use sweep nets to assess thdeshoeffects of
mitigations on caterpillar activity. Stdamge of caterpillars is kept for analysis to establish
the levels of parasitism in our system to inform future work.

Conclusions

By combining a variety of sampling methods and reconstructing ecological networks using
molecular methods, such as metabarcoding, this project will allow us to assess théeshort
effects of mitigation measures across Lepidoptera life cycle to thus stadet how modifying
ALAN impacts moth ecological networks.
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Introduction

{2dzKSNY I NAT 2yl =S !'{13X KIFIa KAadz2NROlIffe 0SSy
amateur and professionastronomical observatories and International Dark Sky Places, and

its long tradition of outdoor lighting policies aimed at controlling light pollution, have made it
famous in the world of darkky advocacy. These activities generate more than USD 550m per

year in regional economic activity and support thousands of jobs. (Bidtcts 2023)
Furthermore, the biogeographic setting of southern Arizona, the Sonoran Deasrong the

g2NI RQa VY240 oc\hasikiademhdr f pRrf and Miindal speciesttiase

sensitive to artificial light at night (ALAN). Like much of the western U.S., southern Arizona
consists of inhabited cities separated by large tracts of mostly public lands, but skyglow is
1y26y (2 AGRNATO¢ Kdzy RNBRAa EoficerisilboZeXiss, SUBINGS T NP
outdoor lighting at prisons and along the UMBexico border barrier.

Motivation

In 2023, area advocates-faunched the Southern Arizona chapter of DarkSky International,
which had gone dormant. We reorganized it and adopetew strategic plan that focuses on
protecting natural nighttime darkness in the region and slowing, or even reversing, the spread
of ALAN from area cities. We will achieve this goal through continually improving public
policies at various jurisdictionkdvels as well as by pursuing a program of public outreach and
education, leveraging existing public support for astronomy and dark skies. To allocate its
resources effectively, the chapter must understand the spatiotemporal dynamics of light
emissions aa@ss its territory. It is therefore building a connected system of Ryt
brightness (NSB) monitors: the Southern Arizona Dark Sky Network (DSN).

The Network

We modeled the DSN on the Central Oregon Skyglow Measurement Network (Kowalik and
McKeag 2025 S KI @S 06S3dzy G2 RSLIX 28 | ySGog2N] 27F «
territory (Figure 1) with a special emphasis on the Tucson area (metropolitan area population

1m).

We plan to use the DSN data for several purposes. First, the DSN will revealsctietgeay

0S SIENIe& gIFNYyAy3da 2F AYONBlFraAy3d tAIKG LR dz
work and allocation of its resources. This approach complements satellite radiance remote
sensing observations. Second, the DSN supports the misg8idhs G0 KS I NS Qa | ad
observatories and can help with advocacy for evidebased policy making.
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Fig. 1: Map showing locations of nodes in the Southern Arizona Dark Sky Network (red symbols). The
base map is a Google Earth satellite view overctvlaire laid color contours of predicted zenith sky
brightness from Falchi et al. (2016). White lines show Arizona state and county boundaries. The inset
map at lower left shows the location of southern Arizona (red) inside the United States. Inset by
Wikimedia Commons user TUBS, licensed under EEABY0. Google Earth data from SIO, NOAA, U.S.
Navy, NGA and GEBCO; imagery from Landsat and Copernicus.

l'YR GKANRIZI GKS 5{b laarada LXIYyyAy3d FT2N |
project in he area centered on the Tucson metro.

First results and future plans

Deployment of monitors began in spring 2025. We used data from existing monitors in the
region in development of software to aggregate and visualize the data with the goal of making
the DNS results publicly available. We plan to deploy all of the monitors by the end of 2025,
and we expect to disseminate the data through our websitekskysoaz.oi
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Artificial light at night (ALAN) has become an increasingly prevalent disturbance and is
proposed as a major driver of global invertebrate declines. ALAN also impairs interactions
between species anctan decouple critical predateprey relationships, suclas attracting
predators like spiders while deterring their prey (or vice versa). Understanding how ALAN
influences the densities and behaviours of predators and prey is essa#idiese changes
may reverberate throughout communities and influence ectaysservices.

To assess to what extent light affects invertebrate community composition, we uielti a
experiment with a Beforé\fter-ControtHmpact (BACI) desigrihe gold standard for research
examining environmental impacts in disturbance ecolegtyMaungatautari Ecological Island,

New Zealand. Twelve sites were located at least 25 m apart, with six randomly assigned to the

Wi NB I GYSy i Q-760miR2208K, dn irankoidie hounbefore sunset to one hour after
ddzy NAadSuv yR 2XBQ#SHB ORI MR GCODHEFNI Ay SR SAIKI
a pair of daytime and nighttime traps immediately under the light (approx. 10 lux), one pitfall

trap atthe edge of the illumination (i.e. dimly lit) and one in the dark immediately adjaio

the site.

Sampling periods consisted afvertebrate collections oveb consecutive nights shortly
before the start of the treatment, and two periods afteeatment had started (one week and
four weeks after treatment started)invertebrates wereadentified to the family level. We
assessed impacts of ALANunivariate responses of biodiversity (species richness, evenness),
and on multivariate responses (i.e. community composition). We used@®@uays similarity
metrics to quantify the compositial dissimilarity between plots and treatments over time,
and estimated statistical differences in composition with a nonparametric PERMANOVA

More than 25,000 groundwelling invertebrates were identified, across more than 100
invertebrate families, and ine classes. In addition to expected seasonal changes in
communities, we found differences in both the nigithe communities of the light treatment
compared with the dark control. Effects of the light treatment on community composition
were discernable bgond the Iit area. Hencethe influence of ALAN on forefibor
invertebrate communities is substantial, with effects that persist beyond both the illuminated
zones.
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Introduction

Light pollution is an environmental issue gaining global recognition, yetgtdation remains
challenging. In Chile, a national light pollution standard was published in October 2024 as
artificial light at night (ALAN) increasingly impacts biodiversity, human health, and
astronomical research. Despite hosting wetldss observaties, Chile's regulations remain
fragmented. While protected areas have strict lighting guidelines, for the rest of the national
territory, light pollution does not appear to be an urgent problem.

Key challenges include a lack of awarenessunicipalities without direct ties to astronomy,
bureaucratic complexities involving multiple institutions, limited municipal budgets, and
competing priorities such as national security. Addressing these obstacles is crucial for
effective policy developmerthat balances environmental sustainability with public concerns.

Methods

Until last year, Chile's light pollution regulations apply mainly to northern regions housing
astronomical observatories. Expanding these regulations nationally presents several
difficulties:

1. Bureaucratic Complexity: The process involves multiple government agencies,
including environmental, energy, and municipal authorities. Coordinating efforts is
time-consuming, and municipalities often lack technical expertise to implement new
lighting regulations.

2. Limited AwarenessBeyond Astronomy Hubs: While the north benefits from strong
astronomical advocacy, other regions view light pollution as agdoarity issue.
Coastal and urban areas often prioritize infrastructure and economic ¢rawer
environmental concerns, leading to uneven policy adoption.

3. Municipal Budget Constraints: Implementation costs primarily fall on municipalities,
many of which face tight budgets. Upgrading public lighting requires investment in LED
technology, shielthg, and monitoring systems. Without national financial support,
compliance remains difficult for smaller municipalities.

4. Public Safety and Owllumination: Many municipalities equate increased lighting
with improved security. Ovetlumination is oftena rapid response to crime concerns,
conflicting with efforts to reduce unnecessary light emissions. Policymakers must
balance security with sustainable lighting strategies, demonstrating thatdesiigned
lighting can enhance safety without excessive gyaise.
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Policy Recommendations:
This paper explores some alternatives arising from observed national good practices. Key
recommendations include:

|l

Improved Institutional Coordination: A dedicated national agency should oversee light
pollution regulations,ensuring streamlined communication between government
bodies, municipalities, and scientific organizations.

Public Awareness Campaigns: Education initiatives should extend beyond
astronomical regions, highlighting ALAN's impact on ecosystems, health nenglye
efficiency.

Financial Support for Municipalities: National funding or subsidies can alleviate the
financial burden of responsible lighting upgrades, encouraging wider adoption.

SecurityOriented Lighting Strategies: Crime prevention strategies shouatatporate
guidelines on light intensity, direction, and color temperature to balance safety and
sustainability.

Conclusions

Implementing a national light pollution regulation in Chile presents challenges but also
opportunities. While bureaucratic complgty, financial limitations, and security concerns
hinder progress, strategic policy interventions can help overcome these barriers. A
coordinated approach involving education, funding, and institutional collaboration is essential
for implementing effectie lighting standards.

Light pollution extends beyond astronomy, affecting ecosystems, public health, and energy
consumption. Chile has the potential to lead Latin America in sustainable lighting policies if
these challenges are proactively addressed. Eimgamunicipalities, policymakers, and the
public in a collaborative effort will be crucial in establishing an effective regulatory framework
for present and future generations.
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Introduction

Light pollution is a growing concern worldwide, wélynificant environmental, health, and
cultural implications. While scientific research has contributed to understanding the impact of
artificial light at night (ALAN), public engagement and awareness remain key challenges
(Kocifaj, Wallner & Barentine, 28). Citizen science initiatives offer a powerful approach to
bridging this gap by involving naxperts in data collection and analysis (Giardullo, 2023)
fostering a deeper understanding of light pollution and its consequences. Glowatch
(glowatch.cl) is aitizen science project designed to empower individuals to monitor and
report light pollutant sources using accessible digital tools. This initiative aims to promote and
educate in the control of light pollution generating a national cadastre of lighufah
sources, contributing to the development of educational resources.

Light pollution not only affects astronomical observations but also disrupts ecosystems and
human health (Longcore & Rich, 2004). Addressing these issues requires a comprehensive
strategy that integrates scientific research, public policy, and community engagement.

Methods

Glowatch integrates mobile and wdiased applications to enable users to report light
pollutant sources data using a standardized methodology. Participants cot@riby
identifying light pollution sources in different locations, even if their knowledge of light
pollution is low or poor, which are then aggregated into an cpeness database.

A critical aspect of the Glowatch methodology is the ease of participaBy ensuring that

the tools used for data collection are intuitive and accessible, the project maximizes
engagement from diverse audiences. The integration of georeferenced data allows for
detailed spatial analysis of light pollution trends.

Preliminarydata from Glowatch indicate a high level of participation, with contributions from
several Chilean cities, with a large territorial representation. In the Chilean case, this is an
interesting result, given that it is in the north of Chile where astronamigctivity is
concentrated, and therefore this particular geographic area has had a greater awareness of
the need for dark skies.

As more data is entered it is interesting to see how the different forms of expression of light
pollution are distributed, wh overillumination and glare being the main causes that motivate
people to make their reports on the platform. This gives clues that people recognize the forms
of light pollution to the extent that they are directly affected, which highlights the need to
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create educational resources to generate the link that relates these externalities of exposure
to ALAN to the manifestations of light pollution.

On the other hand, the spatial distribution of the sources of light pollution makes it possible
to generate diving map of the advance of light pollution and its spatial patterns. The data
collected have made it possible to identify that certain activities are important sources of light
pollution, such as, for example, amateur sports venues that keep their laghtsren when

they are not being used. The intensity of illuminated signs is another of the main sources
reported, where users' comments point to sleep disturbances caused by intrusive light, even
late at night, when the circulation of people is low andedmot justify these lights remaining

on. This information is crucial to guide policy recommendations to reduce unnecessary lighting
and implement sustainable urban planning strategies.

Community activation has been essential to raise awareness of thegbrand add new
NELR2NIad ¢KNRdAK (GKS a[AIKG 2Ff14a¢ FOGADEGAZ2
October, where people gather in different cities at the same time, and together they make a

tour where they identify sources that can be reportedthe platform. During the tour, they

discuss the appropriate use of ALAN in different public spaces, and the particularities of each
territory that should be considered in the lighting designs. Workshops, webinars and field
activities have allowed partgants to directly observe the effects of artificial lighting on the

night sky. These handms experiences reinforce the importance of responsible lighting
practices and encourage behavioral changes at both the individual and municipal levels.

Conclusions

Citizen science initiatives such as Glowatch represent a valuable tool for both scientific data
collection and public awareness of light pollution. Involving communities in ALAN monitoring
fosters a sense of environmental responsibility and generates igeddhformation for policy
makers and educators. Future developments of Glowatch aim to expand its scope, improve
data validation methodologies, and strengthen collaborations with global dark sky initiatives.
By equipping citizens with knowledge and tqgisojects such as Glowatch contribute to the
collective effort to mitigate light pollution and protect the nighttime environment.

To ensure the longerm impact of Glowatch, it is essential to continue to improve technology
and outreach strategie€xpanding the scope of the project to include ways of recognizing
different pollutant sources would be helpful to researchers and policy makers. In addition,
fostering partnerships with international organizations will help establish Glowatch as a global
model for citizenled environmental monitoring.
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Introduction

Plants have evolved under a natural regime ofti2dycle of darkness and light, and, outside

of the tropics, seasonal variation in day length. Light is used by plants as a source of
information and many physiological responses rely on availability of matepurces of light.

h@dSN) 6KS t1ad RSOFRS&asx ! NIAUOALINE €A3AKAG Fd yA
has caused an unprecedented disruption to these naturatataynight cycles. Surprisingly,

very little is known about the effects of ALAN reproductive phenology of wild plants.

Methods

To assess the effects of ALAN on reproductive phenology, we conducted-yeavdield
experiment in the Swiss lowlands. We illuminated ten independent wildflower strips while
keeping ten as darkontrols. To examine its influence on germination time, we filmed the
germination of sown native wild plants in situ under ALAN and control conditions. Blooming
phenology was monitored by weekly counting the number of flowering plants within 108
establishe plots, where standardized wildflower communities were sown with and without
ALAN treatment. Lastly, to determine whether ALAN affects the circadian activity of
wildflowers, we recorded floral nyctinastic movementdaily petal opening and closingn

a daypollinated (Malva moschata and a nighollinated Silene noctifloraspecies under
both treatment conditions.

Results

We found that ALAN advances germination and blooming phenology in most of the wild plant
species investigated and disrupts the circadian timing of both apdéinated and a night
pollinated species.

Conclusions

These results suggest that ALAN could iobghe reproductive capacity of wild plants and
have consequences for ecosystem stability.
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Introduction

In Malaysia, Taman Negard&ahangis one of the
protected areas that should be gazetted for eco
astrotourism. This site is not only rich in flora and fauna
but also allows one to observe the Milky Wayhwihe
naked eye. Astrotourism, also called celestial touris
astronomical tourism, or star tourism is the practice of
visiting places where celestial phenomena can *-
observed clearly and sustainably. People are fascing gg 1:Mi|y Way at Taman Negare
by astronomical phenomena suchs stars, meteor Pahang Malaysia with 21
showers, and comets. magnitude/ arcseconds

In order to observe them, however, good night sky conditions are required. Our research
focuses on the magnitude of the Night Sky Brightness (NSB), which is the visual perception of
the sky and how it scatters light. ik rare for the night sky to be completely dark at night.
There are two types of magnitudes: apparent magnitudes and absolute magnitudes. The
guality of the sky is determined by how dark the sky is, which allows the detection of very faint
stars. In comprison to a city with skyscrapers, this type of scenery is not is feasible in an urban
setting.

Light pollution has several detrimental effects, including skyglow, glare, light trespass, light
clutter, reduced nighttime visibility, and energy waste. Beydadmpact on astronomy, light
pollution also has direct consequences for human health, such as increasing the risk of cancer,
disrupting wildlife, and leading to the inefficient use of energy, resources, and financial
expenditure. Additionally, it dimishes our ability to appreciate the beauty of the night.sky

Methods

This study aims to develop and evaluate a probabilistic model for nocturnal sky brightness
using realworld sky brightness datd.o ensure consistency in sky brightness measurements,
athorough investigation is necessary. This research will employ a sky quality meter and a DSLR
camera to measure the distribution of magnitudes and compare the recorded values with
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photographic data. The objective is to identify locations suitable for pmetoic studies,

which could serve as sites for observatories or aggism centers. Furthermore, this study
FALIANBE (2 Sail of-gkarksereelpark, Bosteking @@portiinkidéHot ecd? | NJ
astrotourism and promoting the conservation of pnm night skies.

Conclusions

It was found that the magnitude within 3 nights is-20 magnitude/ arcsecondsThis study
FALIANBaE (2 Saill of iskyKreseave fparie Fostdrityaoppdthniidisifor R I NJ
astrotourism and promoting the conservatiart pristine night skiesTaman Negara, Pahang

is one of the bestocations suitable for photometric studies, which could serve as sites for
observatories or astréourism centers.
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More and more cities reduce Artificial Light At Night (ALAN), mainly to reduce their financial
expensesWe will compare the lighting habits some cities with about 100 000 inhabitants.

Gautersloh with about 100 000 inhabitants is the largest city in Germany, that switches off most
of the public lighting at midnight. This switdff has a long tradition, but has been under
discussion severéiimes with changing political parties and citizen engagement, which will be
discussed in more detail. The switoff was tracked on a lontgrm scale from the VIIRS
satellite data and documented photographically with-sltly images at 4 places during one
night. From these ground based sky brightness/luminance were derived with Sky Quality
Camera software (Euromix) and measured at another place with al[SQNWrom this data,

the fraction of public street lighting can be estimated and the resulting energngaare
discussed.

Fig. 1: Sky brightness/luminance maps as derived with Sky Quality Camera at the central place
in front of the city hall in Gitersloh, zenith luminance reduced to 32%. (photos: A. Hanel)

' Yy20KSNI AYGSNBAGAY T 20 KBE awNhBIIGNRBE20&8E DY
GDNR ONBAbR yzE§ F BNXi dzZt SR Ay GKNBS O2dzy i NAS&AY
Metz (and the smaller city Thionville) in France and Luxemburg. Here also photographic
documentation especially of the swit@ffs in France has been done. Comparison of the VIIRS

data for the cities reveals the different use and changes of the public lighting.
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Fig. 2: The evolution of light emission as derived from the VIIRS data for cities in the
QuattroPole region.
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While light pollution is mostly tracked byeasuring sky brightness, it is also important to
control too high lighting levels at the sources. Therefore simple measurement techniques that
could be used by interested citizens for a rough estimation are essential.

Main measurement quantities to limiight pollution are luminance (e.g. of billboards, signs,
illuminated facades), illuminance (e.g. of roads, parking, pathways) and correlated colour
temperature (or more detailed spectral power distribution).

llluminance is measured with an illuminance itee (or luxmeter), which are available at
relatively low cost. However in this price range, they do not achieve typical professional
uncertainty criteria, so that their accuracy varies considerably and most are not able to
measure below 10 lux, which issesitial for night time measurements. In addition, many apps
for smartphones exist, which however have a large scatter (DIAL, 2016), mainly due to
different camera or light sensor models that are used in the phowéswill report about own
measurements othe accuracy of different luxmeter models (e.g. the Opple light master,
which is proposed by Dark Sky International as measurement instrument) compared to
published ones (Tabaka et al., 2022).

In addition it might be interesting to test simplified measuremh methods to derivanean
illuminance and uniformity values with a more simple setup instead of using a standard
measurement grid as required by standards (e.g. EN 1320&hich are typically very time
consuming. Exemplary tests within the DARKER ®§e¢tpwill give insights to the robustness
of this simplification (Liedtke et al., 2024).

Luminancemeasurements are taken rarely, as the measurement instruments are much more
expensive and often cannot be used at low values such as the range of skpdsgthalues.

For this some special instruments have been developed using a relative large measurement
angle to increase the signal level: the Sky Quality Meter SQM (Unihedron) or the TESS
instruments (STARS4ALL). Both use the logarithmic scale for asicahanagnitudes per

area (mag/arcsec?) which can be approximately transformed to the photometric system
(cd/m?). Therefore, especially the SQM could be used as a simplified luminance meter if the
luminous surface (e.g. a billboard) completely fills theaswegement angle (more than 20°) of

the SQML (up to about 400 cd/m2).

5A3AGIE OFYSNIa OFly |fa2 06S dzaSR Fa dafdzyYaytlty
meter and making the transformation to cd/mz2 (Kerr, D. 2007). And after calibration of the
camem, unprocessed raw images can also be used to derive luminance distributions (Gabele,
2006, Hoger, T., 2016, Fiorentin et al., 2020). Tests with different Canon cameras and lenses

will be presented (Nyung, N.K., 2024).
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Introduction

Since being designated as an International Dark Sky Reserve in
December 2020 the North York Moors National Park Authority
(NYMNPA) has undertaken one of the largest dark sky fsiend
lighting retrofit initiatives of private lighting in the UK with
dozens of grant funded projects delivering in excess of 1000
fixtures converted to date

The Authority was also instrumental in gaining support from
North Yorkshire Council for rollout 8¢ LJ- NII y A IK{Q
friendly 2700K public streetlighting beyond boundaries, right
FONR&a 9y3flyRQa fIFNBSad O2dz/i

A significant program of press and community engagement has
driven local, regional and national media coverage, with
international interest from as far apart as Canada and France

Fig. 1. Hawnby Village schemthe first

Public interest continues to develop with many mol : ,
complete village retrofit scheme

community schemes planned, to deliver on six key benefits
protecting dark skies: Culture & Heritage, Rural Econol..y,
Education, Wildlife, Human Health and Emeldsage

Methods

Initial project work was underpinned by a significant NYMNPA outreach
program to engage, educate and demonstrate. To date over 1l
presentations have been delivered to local and regio councils,
businesses, community groups and landowners as well as manufactur
local suppliers and installers. A demonstration project delivery phase w
undertaken to upgrade a range of sites including residential propertie
public houses, visitorentres, village halls, stables and farms to shov
what was possible with sensitive and responsible use of lighting and
set up local advice, supply and install chains.

TN

DARK SKIES

FRIENDLY
COMMUNITY

The initiative then moved up in scale to convert whole valleys and _

villages. To embedonservation and active stewardship at the heart F'9- 2 Community engagem

the community the North York Moors Dark Skies Friendly initiative &"d recognition award

expanded to include a Community award. Working in partnership, this scheme is also being rolled out
in the Howardian Hills National Ldstape and advice is being offered beyond boundaries at sites such
as York St John University Campus
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Protecting dark skies and nocturnal habitats is being integrated into the wider conservation work of
the National Park Authority with Nature Recovery teafiasm advisors and rangers being trained to
look out for opportunities to engage with property owners to identify potential improvements. Grant
schemes such as hedgerow creation now include identifying light pollution in constraints checking to
ensure tha ecological benefits are maximized.

Globally, the unprecedented brightening of the night sky poses severe consequences for all living
things (Kyba et al. 2023). The call to protect dark skies has seen a growth in national parks also
delivering leisurebased festivals to raise awareness of the impact of light pollution. Taking an
ecological justice lens that recognises environmental crises are deeply intertwined with social
OKIftSyasSasx ,2N] {0G W2Ky ! yADSNEA (esthaexperiericdés | y R
and benefits of stakeholder engagement in daky festivals. Conducted during the North York Moors
National Park, United Kingdom, Dagkies Festival in February 2024, the study identified regenerative
stakeholder practices and behavisu The significance of this research is evidenced by the raised
ecological awareness of stakeholders engaged in-glayKestivals, and the sustainable practices that

are helping tamitigate light pollution in response tilie climate crisis.

As part of varking beyond boundaries the NYMNPA is actively pursuing the creation of a buffer zone
around the National Park and more widely a group called the Northern England Dark Skies Alliance is
being formalised to share best practice and to create a strongeomagivoice.

Conclusions

The success of public engagement is proven, and interest in reducing light pollution continues to grow.
To date projects have been delivered with dozens of property owners, multiple communities,
landowner estates, Ampleforth Abbey religious community, &fal Trust, Forestry England and
Howardian Hills National Landscape. Seven Dark Skies Friendly Community awards have been made
with six more in the process. Large scale projects are in progress with Camphill Community Trust at
Botton Village, National Truacross all farm holdings in Bransdale and RAF Fylingdales early warning
base is now reengaged to look at reducing light pollution at the prominent Ministry of Defence site.
The NYMNPA is also helping advise farming advice teams in other protected feewdand would like

to share experiences and knowledge of their work to help others do the same.
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Introduction

The Sunshine Coast Council is a local governm
gAOGK | @AaA2y (2 oS |
region./ 2YyYSOUGSR® [ ADSI of
Environment and Liveability Strategy recognise:
that as our population continues to increase,
planning for he management of night skies by
reducing light pollution on the Sunshine Coast it anararaner
a priority. To respond to this, the strategy Fig. 1: Benchmark Artificial light at Night
incorporates a policy position to recognise, study 2017 (Pendoley Environmental)
protect and celebrate dark skies.

Sunshine Coast Council is leading a proactive response to light pollution through integrated

policy, community engagement and education, responsible lighting outcomes and ecological
conservation. Central to this effort is the proposed Dark Sky Reservajiagaclose to 900

square kilometers of hinterland, which aims to preserve natural nightscapes, support

nocturnal wildlife, enhance health and wellbeing, reduce skyglow and carbon emissions and
support local businesses. { S& T2 Odza 2 ¥FollitignStrafe@yizyh® A f Qa A IK
protection of endangered marine turtles that nest on Sunshine Coast beaches, undertaken in
partnership with citizen scientists.

Case Study

We present a broad overview of our approach to light pollution as a case study througinsKott
8 Step Change Theory (Kotter 2012).

Create UrgencyVe shared data and stories to create a sense of urgency for necessary change.
This was achieved by sharing the data outcomes of a benchmark survey for light pollution
undertaken at turtle nesting beaches, alongside real community stories of hatchlinglityort
from light pollution disorientation. Community advocacy also highlighted poor lighting
outcomes for the local astronomical society, in addition to the human health impacts.

Build CoalitionWe assembled technical and community experts from vari@e$oss across

our local government and community that could champion dark sky principles and outcomes
with authority, expertise and credibility. TurtleCare citizen scientists identified problematic
areas, communicated with landholders, started local fagumsips and submitted feedback on
new developments. Technical specialists reached out to lighting suppliers to seek custom
solutions to ecological needs and created custom solutions. Scientific experts shared their
knowledge to shape management approachexd goolicy development. A government

ALAN 2025


mailto:Kate.hofmeister@sunshinecoast.qld.gov.au

109

community of practice was created for light pollution and marine turtles, which facilitated
inter-state communication and knowledge sharing.

Develop a Visionnitially driven through economic opportunity, engagementtethnical
experts in the development of an Urban Lighting Master Plan in 2016 facilitated the
integration of dark sky principles in the strategic planning for lighting strategy for the region.
Similarly, a Technical Advisory Panel was established to afevkeé 2022 Marine Turtle
Conservation Plan, which guided the thematic focus on light pollution. More recently, in 2023
the Environment and Liveability Strategy has cemented the vision for the future, with the
inclusion of a policy position: The distinetignd diverse landscape is preserved to maintain
the beauty of the area, with Dark skies are recognised, protected and celebrated.

Communicate the Visioh: K S OKI y3S @AaAiAzy FT2NJ G§KS NBIA2Y
through various channels, targetingakeholder groups by the geographic location and

interest groups. Community evaluation of lighting retrofit projects allowed for -tvay
communication between government and community, providing a basis for continued
investment into dark sky compliant lighg infrastructure. Community edesign was
undertaken by researchers in partnership with Council which identified the major barriers for
behaviour adoption at a personal, interpersonal, community and policy level.

Empower Others to Adnvestment into eological research on commercially available
lighting and its ecological impact (Kieg al. 2025) has facilitated broader management
outcomes, empowering private landholders, private enterprises, and other government
organisations to make evidendmsed ighting choices, fostering collective action.
Development of technical guidance materials integrating dark sky principles and the
Australian Governments National Light Pollution Guidelines for Wildlife, for electrical assets
on public and private land hasmpowered local governments across Australia to act.

ShortTerm WinsVarious lighting retrofit projects in ecologically sensitive and residential
areas have demonstrated a proof of concept to community. Projects at turtle nesting beaches
have demonstratd greater turtle hatchling seénding behaviour posthange. Social
acceptance of a changed landscape of lighting in urban coastal environments have been
evaluated and are highly supported by community.

Consolidate:Evaluation of the night sky quality 2022 against the 2017 benchmark has
reinforced the importance of focus on this area, with demonstrated increases between 22
77% over the fivgrear interval. The survey identified an improvement in the direct light
impacts to nesting beaches yet highligh the broader growth of problematic sky glow for
the growing regional population.

Anchor ChangeCultural shift has occurred, with an observation of dark sky principles being
integrated into design process. This has demonstrated a systems thinking aytadrere the
framework we have implemented is accepted as an organisational norm throughout policy
and procedure, connecting the complex organisational relationship between departments
towards a unifying vision.
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Artificial light at night (ALAN) is increasingly recognized as a major driver of global
environmental change (Linares Arroyo et al., 2024). With light emissions rapidly increasing
and nearly halbf the global population living within 3 km of a freshwater body (Kummu et
al., 2011), rivers and lakes are more exposed than ever to light pollution. Despite their
critical ecological roleboth as biodiversity hotspots and as essential resources foramum
well-being- freshwater ecosystems have received little attention in ALAN research, even
though the impacts of light pollution on freshwaters are broad and affect all levels of
biodiversity (Holker et al. 2023). However, addressing this issue requiregative lighting
strategies that explicitly prioritize the protection of freshwater biodiversity.

direct light Figure 4. Examples of ecological

M~ consequences of ALAN along a riveri lake
3 continuum, showing interference (a) with

zooplankton diel vertical migration, (b)
longitudinal migration of fish and (c)
predatori prey interactions, including insect
drift and effects across the landi water
interface. The left side of the river illustrates
the situation under naturally dark skies, and
the right side highlights the impacts of ALAN.
Arrows show the direction of river flow (from
Holker et al. 2023).

Efforts to reduce light pollution have mainly focused on general approaches rather than
those specifically designed for freshwater environments. Wetlumented strategies such

as proper light orientation, shielding, adjusting intensity as needed, and spectral tuning offer
effective ways to reduce light pollution. However, targeted solutions to minimise the impact
of ALAN on inland waters and their smunding habitats remain underdeveloped. This
presentation examines ALAN effects on freshwater biodiversity and ecosystems, and
explores innovative mitigation strategies. Drawing on recent publications and ongoing
research, it highlights approaches to ragihg the ecological impact of ALAN near
freshwaters.

Freshwater bodies are closely interconnected with terrestrial landscapes, requiring
mitigation strategies that address both realms. For example, many AkbAsitive species,

such as aquatic insects andriebrates, have life cycles that span both aquatic and

OSNNBAGNAFE KIFIoAdGFrGa o0t SGNRPOAS SO |t dX HAHPT
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management in freshwater ecosystems should focus on four key measures (Holker et al.,
2023; Manfrin et al.in press). First, unnecessary lighting should be avoided near freshwater
systems, ensuring that illumination is used only when absolutely necessary to prevent
ecological disturbances. Second, lighting should be precisely directed to illuminate only
intended areas, preventing unnecessary spillover onto water surfaces or riparian habitats, as
well as avoiding upward or horizontal emissions. Third, light levels should be adapted based
on ecological sensitivity, both spatially and temporally. This means dinonisgitching off

lights during critical periods for species, e.g. periods of waterfowl breeding or fish migration,
and reducing illumination in sensitive areas like bridges, shorelines, and riverbanks to strike
a balance between human safety and enviromta protection. Fourth, while spectral

tuning- e.g., reducing shoftvave emissionshas been suggested to be effective in

protecting terrestrial insects and mammals, its impact on freshwater species is limited. Many
aqguatic organisms rely on the fulkible spectrum, making strategies such as minimizing
unnecessary lighting, directing light effectively, and adjusting light levels more effective.
Finally, environmental regulations often fail to adequately address ALAN. Where legal
protections exist, they typically apply only to species with special conservation status,
leaving many vulnerable species and ecosystems unprotected (Schroer et al., 2020

1 dAKAYEF HAHPpO® |y 2 [nded Pr@ectdic ApBhicki incargoratest D S NJY
light pollution considerations into national conservation law. However, specific regulations
for inland waters are still pending, which underlines the need fahtr legislative action.

In conclusion, given the wellocumented effects of light pollution on freshwater

ecosystems, implementing effective lighting strategies is essential. By integrating ALAN
mitigation into broader environmental policies, we can legtprotect freshwater and

riparian food webs while maintaining necessary nighttime lighting for human activities.
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Introduction

Research on Atrtificial Light at Night (ALAN) has in recent years expanded significantly and has
helped close manknowledge gaps. However, despite growing awareness of the detrimental
effects of ALAN, effective regulation remains a challenge. Currently, lighting practices are
governed primarily by technical norms and not by state legislation (Laws 2024). Thisaggulat
gap can be attributed, in part, to a historical focus on the benefits of artificial lighting rather
than its detrimental ecological and health effects. Even where legislation to mitigate ALAN
exists, approaches vary widely, and success has been lifiisgadishina 2025).

While artificial light enhances safety, productivity, and aesthetics, it can also harm organisms
¢ including humang and ecosystems when applied in times and places where it does not
naturally occur. Hence, legislation must address the spatial and terhgionansions of ALAN.
Crucially, areas where lighting is needed and areas requiring protection do not necessarily
overlap, necessitating a more nuanced regulatory approach. Still, comprehensive legislation is
rare at best. This presentation argues thateetive legislation is lacking because constraints
specific to ALAN have not been adequately addressed. Addressing these requires a legal
approach that tends to the characteristics of ALAN, not to its particular Usesnsure
effectiveness, regulatory coptexity and administrative burdens should be minimized
wherever possible.

Key Legal Constraints
Among the key legal constraints that hinder regulatory effectiveness three are highlighted:

1. ALAN has many diverse applications (e.g. street lighting, spoitsid¢ac advertise
ments, facades, etc.). Existing legislation is often tailored to specific applications,
making comprehensive regulation difficult to enact without significant political will.

2. Any regulation must address a very high number of (a broadjgaof different)
emitters. Requiring approval procedures for every application is unfeasible. In
addition, insufficient public awareness further complicates compliance.

3. Assessing ecological effects of ALAN is complex. Despite scientific advancements,
expetise in light emission assessments remains sparse, making regulatory evaluations
imperfect and inconsisteng particularly in protected areas (Schroer et al. 2020).

Regulatory Design Elements

To address these constraints, this presentation proposes afsitsign elements that enable
to overcome the outlined legal constraints. Using specific legal instruments or approaches
could circumvent or mitigate the obstacles. These design elements should be considered if
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regulatory measures and legislation are recoended. A spatial protection framework should
serve as the foundation for any lighting regulation. Key instrumentg am®logically justified

¢ emission thresholds, which limit the spatial and temporal distribution of light but do not
inhibit the use ofALAN. Additionally, clear control and calculation mechanisms must be
established to ensure both the efficiency and effectiveness of legislative implementation.

A crucial prerequisite is to focus on emission control and not on establishing protection goals
Any comprehensive regulation must be applicable without complex environmental impact
assessments. While an abstract regulatory framework may cause unwanted effects in isolated
cases, such an approach is essential for the broad application. Specifictimot@easures;,

such as those for certain species or ecologically sensitive areas be layered onto this
general framework, though their scope will inherently remain limited.

The use of and protection from ALAN can be spatially delineated throzgimiag system.

Such an approach enables the classification of areas based on human lighting needs, allowing
a structured system with differentiated ambition levels. Zoning systems exist. But
effectiveness and legal certainty require that such a framewddukl leverage existing,
legally established zoning systems rather than creating entirely new classifications, which
could introduceq¢ among othersg conflicts with landuse planning laws. Utilizing existing
zoning not only simplifies administrative proegds but also removes the need for artificial

light at night (ALAN3pecific expertise when allocating zones.

Legislation should prioritize installatiespecific emission thresholds rather than technical and
design requirements, which must account for tilkended use of ALAN (e.g., sports parks)
and, thus, add significant regulatory complexity. This complexity has likely impeded the
development of comprehensive regulations. Instead, the focus should be on controlling
illuminance and luminance emissionsrds$holds should be determined through an ecological
risk assessment that integrates a broad range of studies to establish lighting levels that do not
cause significant ecological harm. Limit values should be enforced at the point where the
functional necesity of lighting ends, ensuring that emissions do not extend beyond areas of
intended useDecoupling lighting use and protection goals by imposing vertical illuminance
limits is a key design feature.

Regulatory enforcement primarily relies on approval ggdures rather than intervention in
existing lighting infrastructure, which is often administratively burdensome and difficult to
enforce. Compliance with limit values must be verifiable through standardized photometric
calculations, which should be a matdry part of the approval process. This allows authorities

to assess compliance without requiring specialized expertise. Direct measurements, which are
resourceintensive, should only be used for compliance verification when necessary.
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The South African Astrd ourism Strategy, an ally to protect the dark nighky
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Laeticia Jacobs
Department of Tourism, Pretoria, South Africa
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The South African night sky is largely free from light pollution, with low cloud conditions. With
a geographically advantageous position, South Africa points towards the centre of the galaxy,
allowing observers to view the densest and most interesting aftthe Milky Way. The
Southern Skyffers unique options for astrophotography and star gazing (Department of
Tourism, 2024)These aspects are key conditions for growing the niche market, -Astro
Tourism. AstrelTourism is defined a®urism using the natwal resource of unpolluted night
skies, and appropriate scientific knowledge for astronomical, cultural and environmental
I Ol A @A (i BB&etal., @014: 663)A

South Africa is committed and supported by the National A3warism Strategy, to protect
and regulate the use of light and provide resources to conserve the dark night sky. This is in
line with thelnternational Dark Sky Principles concerning Responsible Outdoor Lighting

Light pollution is a rising global challenge that can negatively alffeitt conservation and
human livelihood. Public awareness and education should include the proper application of
quality outdoor electric lighting, according to international standards and community and
local government awareness. The more the general ipublmade aware on the impact of
light pollution, the more they would value and appreciate the beauty of the sky (van Wyk
Jacobs, 2018). Ultimately, this will grow the country into a leading #@stnosm destination.

A key legislation in South Africa, is the
Astronomy Geographic Advantage Act
2007(Act No. 21 of 2008eveloped by the
Department of Science, Technology &
Innovation (DSTI'he Act aims to protect
areas that are of strategic national
importance for astronomy and related
scientific endeavours through proper
regulation.  Furthermore, The DSTI
furthermore, issued a government gazette
in 2019, as notice for regulations of
Astronomy Protection for darkkies within
the  Suherland Central  Astronomy Source:SKASouth Africa (2014)
Advantage Area.

Figureb: Selected towns within the Astronomy
Geographic Advantaged Area, Northern Cape
Province
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Astro-Tourism in South Africa is led by the Department of Science, Technology and Innovation
and the Department of Tourism who established the National AStrorismGovernance
Body. This body is a collaboration between the many government departments, academic,
and private sector institutions that have a major role in the success of this Strategy as well as
the advocates to preserve the dark night skies.

Relevant
supporting
government
] departments, i.e, _
Tourism DSAC, DFFE and Leading
stakeholders, Public Works Provincial and
including national
SANParks, | governmeqt
Nature Reserves departments i.e.,
> < DSI, DT
NATIONAL
ASTRO-TOURISM
GOVERNANCE
7 N\
Astronomy Destination
stakeholders, Marketing
including Amateur Organisations &
Astronomers, Office National
of Astronomy for Convention
Development Bureau

Figure 2AstroTourism Governance Body

Source: National Astrdourism Strategy, South Africa 20232

The AstreTouism Strategy and the Implementation Plan were developed through a
gualitative methodology. It was strengthened by the sestnuctured and structured focus
groups and interviews with key tourism and astronomy stakeholders. The-ragétarch
instrument appoach ensured an wlepth understanding of the astrtwurism demand and
supply and the impact of its sustainable seemnomic development and dark sky
preservation.

This paper, therefore investigates how the development of the National ASitmism
Strategy and the establishment of the Governance Body supports the preservation of the dark
night sky in South Africa and increased community and local governmentnbapd
awareness.
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Public outdoor lighting is a major contributor to light pollution (Riegel 1973) and therefore

among the drivers of insect declif&rubisic et al. 2019, Owens et al. 2020). There exist
ASOSNIf FLIINRIFOKSa (G261 NRa a2z OIFIffSR aayasSo
GdzyAy3a YR aLI GAlf O2yFAYSYSyYyGs 2FGSYy &ArYLIX @
seen less attetion although it seems very effective, particularly because it most often
harmonizes human needs, and reduced ecological impact. Owens et al. (2024) conclude that

the effects of spectral tuning and dimming are often ambiguous and frequently negligible and

they point out that relative to its potential, shielding has attracted strikingly little scientific

attention.

We have recently developed tailored and shielded LED road lighting that only directs light to
the target area. This is achieved in two steps: iviailored spatial light distribution realized
by optics and ii) additional shielding of the high radiance/luminance at the exit point of the

Conventional - LED 4000K [ Tailored - LED 4000K

Fig. 1 Frontal view comparing emission from a conventional LED luminaire (left) to our ne\

developed tailored and shielded LED lumingrght) at one municipal site, both producing the se
illuminance at the target area. (Images: A. Jechow)

luminaire (Schroer et al. 2021, Dietenberger et al. 2024). Particularly the latter renders the
luminaire nearly imisible beyond the lit area (Fig. 1), while most conventional luminaires can
be seen as point sources from large distances (Fig. 2). These tailored and shielded luminaires
were effective in reducing insect attraction drastically while producing the sdomsiflance
distribution on the ground at the target area as conventional lighting (Dietenberger et al.
2024). Results were obtained at multiple municipal sites across a gradient in skyglow and
urbanization, as well as on a controlled field sitethispresentation, we will provide insights
to the technological design process of the luminaires. This is a complex task as the luminaires
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were customized for the specific lighting situation at each site (here footway, cycle way, road
with low traffic volume).

We will provide a wide variety of befomdter comparsons including goniometer
measurements and field measurements of the luminaires in the laboratory and outdoors as
well as the design approach and modelling results. Additionally, different aesthetic
requirements had to be met following the needs of a tat&l7 municipalities. As a result, a
modern flat road luminaire (TAdhield, Selux GmbH, Berlin) and a version with classical
luminaire appeal (based on BETA, Selux, GmbH, Berlin) were realized. Further, we will present
the lessons learned from the two & projects that in total covered a period of 5 years.
Working with different stakeholders, decision makers and logistics (within a pandemic) caused
several unexpected obstacles that had to be resolved. Furthermore, strong customization of
the spatial distibution also raised requirements on the precision of the lighting installations.
A brief summary on recent, yet unpublished, results on insect monitoring will also be given.

Conventional - LED 4000K £

Fig. 2: View nthémr?e;dilumination (same site as in Fig 1) comparing a conventional LED lu
(left) to our newly developed tailored and shielded LED luminaire (right). (Images: A. Jech
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Abstract

All major professional astronomical observatories in the North of Chile benefit from low levels
of artificial light pollution with increases in zenith radiance over the assumed natural levels
clearly below one percent to a few percent (Falchi et al. 2023).

We have studied the evolution of the artificial sky radiance applying stbthe-art radiation
transfer models (ILLUMINAubé & Simoneau 20} 8o Visible Infrared Imaging Radiometer
Suite (VIIRS) satellite radiance data from 2012 to 2024 at the ¢waneifuture sites of several
major astronomical observatories in operation and construction.

We find that the artificial sky radiance has substantially increased over the last decade at all
observatory sites. In particular the almost pristine skies alineeParanal and Armazones
observatory sites of the European Southern Observatory (ESO) have suffered and artificial sky
brightness at zenith in V band has typically doubled (and tripled at 45 degrees elevation).

We have used our ILLUMINA models to idgntihe main contributors to the increased sky
radiance around every observatory site and estimate the impact of possible mitigation
measures to recover the pristine skies. The work shows that targeted mitigation measures
based on thorough model evaluatiom®uld provide substantial improvements of the sky
darkness without necessarily demanding global changes to existing installations.

We have further used our ILLUMINA models to quantitatively assess the impact on the sky
brightness of new installations plaad nearby the observatory sites as part of their
environmental evaluation process. The high flexibility of ILLUMINA to add individual
luminaries of any kind at any location to study their impact has proven to be of utmost
importance for a quantitative asssment. Further, the possibility to consider realistic
observing conditions like the presence of thin cirrus clouds that act like mirrors for nearby
artificial light sources provides important insight for the impact studies.

In our presentation we will tnoduce our modelling approach and illustrate our findings with
examples from different astronomical observatories in the North of Chile.
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We developed a photograpHyased sky quality measurement tool and obtained dozens of
high-resolution allsky mosaics during the last few years. When | realized the beauty of natural
variationsin sky colour(Kollath & Jechw 2023) | turned my measurementiata into a
photography exhibition and dulldome (planetarium) film. The highesolution images
allowed forhuge (1mx1m) prints, a nice tool for presenting light pollutietated information

to the general publicThe exhibition has been displayed in sl locations in Hungary over
the past two years.

: The Colour of the Night Sky
The next step was to develop a fulldome film f a SRt ORY

immersive entertainment.The film shows the B iy SO Kot

results of our study on the quality and the variatic]RE
of the colours of the night sky. We cannot see t
night Kky's colours, but spectra taken under th
pristine sky can tell us precisely the actual colg
of the night sky. The planetarium sho
demonstrates the natural beauty of the natura
night. The film premiered at the Fulldome Festi
Brno 2024, winning thedst Short Award. The jur
emphasised the following:

"The film  effectively  deconstructs th
misconception that the night sky is dark blue
colourless by sharing the results of recent resea
revealing some surprising sources of nigjie
colour. It isa good demonstration of how scientifi
research can be communicated in planetariu
and we thought the circular transitions wereige

way to demonstrate the different colours tfe Fig. 1.The poster of the film: The Colour
sky." the Night Sky

During my presentation, | will describe how the film was made @nopose a wider
collaboration to extend it with photos taken by researchers at different locations.
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We started using digital cameras to measure the night sky quality in 2008 when we launched
the firstdark-sky park in Hungary and Europe. Over the p&stelars, the methods have been
continuously improved, and the quality of the cameras has improved in parallel. Over the last
five years, we have collected higlsolution and higkprecision data at locations where light
pollution levels are minimgKollath& Jechow 2023)

Based on our spectral measurements, it is possible to convert the RGB images to different
units. Then, a primary representation of the photos is a radiance map on a colour scale.
Correlated colour temperature (CCT) is frequently used as an additionatyqumaicator.
However, different colours may result in similar CCT. We recommend using a 2D colour
diagram or our False Colour Enhancement (FCE) method (Kollath et al. 2020).

Fig. 1Whole-sky image and its representation with False Colour Enhancement at differel
hexagonal meshes.

Intensive surveys of sky quality measurements may result in massive datablasesofe,
generating reducegize data can be essential to keeping vital measurement information. We
use a hexagonal grid on the whedky images. The values of each hexagon are giyemean
values, omitting the stars (bright spots) and dark spots dubtrured regions or pixel errors.

Figure 1 displays the different resolutions of the hexagonal mesh with varying grid sizes. Please
note that the usually used photo processing does not clearly show the colour variation in the
images The structurein the photo can be interpreted as thin clouds. However, the FCE
colouring clearly indicates the variation in airglow the given example, it is a mixture of
green oxygen and orange sodium airglow

At dark locations, the variation of airglow results in a sigaift variation in sky radiance.
Therefore, it is essential to use an indicator of the possible airglow, i.e. the actual colour of
the sky. Figure 2 demonstrates this effect witlur recommended representation of
measurements. The photos were taken at #act location (Solktaler Naturpark, Austria) on
different dates. The radiance map shows a substantial variation in sky brightness, which can
only be interpreted correctly if we add the FCE maps. The radiance map is given for the Bessel
V band magnitude. W&observed an extreme sodium event (2nd column), a night with intense
red airglow (630m oxygen) and the most frequently intense green (B&8oxygen) airglow.
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Fig.2: Variations of the natural sky with different kind and strength of airglow.ro@p Photos
with slightly bluish processing; middle row: colour scale radiance map; bottom row: FCE cc
clearly shows the variation of airglow.
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Introduction

Light pollution is a growing environmental problem that affeatstronomical observation,
ecosystems and human health. In Chile, light pollution regulations have recently been updated
to mitigate these impacts.

In this context, Vultur (see figu® has been developed, :
system designed to capture aerial images with the purpc
of detecting light emission sources that do not comply wi
the regulations. This system is designed to be mounted
various platforms, such as drones, helium balloons &
helicopters.

Methods and Results

The system uses two cameras with monochroma
sensors selected because of their higher sensitivity in |
light conditions and their ability to capture images wit
better signalto-noise ratio compared to color sensor:
Ore of them is equipped with a blue bafass filter. This
allows spectral analysis of the images, focusing on
amount of blue light emitted by luminaires, a key factor  Fig. 1: Vultur device and three

light pollution, which Chilean regulations restrict to 1% mounting accessories for platforn
astronomical or biodiersity zones and 7% in the rest of the

territory. The Basler cameras used have a 3840 x 2160 pixel Sony IMX334 CMOS sensor. In
addition, the system incorporates a GPS/RTK Here 3 module, which allows highly accurate
georeferencing of the images and precisealization of light sources outside the established
margins.

The system is managed by a Raspberry Pi 4B, configured to operate autonomously using
software optimized for nighttime image capture. This microcomputer also collects data from
various sensorsuting flight, such as inclination, GPS position and altitude.

To ensure measurement accuracy, the system was calibrated under controlled laboratory
conditions. Spectral response tests were performed using light sources with known spectra,
allowing the exposure and sensitivity parameters of the cameras to be adjtstegtimize

luminaire detection, and the results of these calibrations are presented in this paper. The first
analyses of images obtained from drones, helium balloons and helicopters are also presented.
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To evaluate the performance of the system, nijhie measurement campaigns were carried
out in Valparaiso and Vifia del Mar, using the three aerial platforms (see figure 2).

Fig. 2: testing Vultur on three airborne platforms

Conclusions

The results obtained show the capabilities of each metlghlighting their advantages and
disadvantages in the detection and analysis of light pollution sources. Drones offer flexibility
and precision in low altitude flights, but have limitations in flight autonomy. Helium balloons
allow prolonged observatiout are sensitive to wind conditions. Helicopters, in contrast,
can cover large areas, but require greater investment and logistical planning. Vultur
represents an innovative and useful tool for the Superintendencia del Medio Ambiente, the
national authoriy in charge of controlling compliance with light standards, by providing
objective and georeferenced data that facilitates the control and enforcement of current
regulations. The data generated by Vultur, in addition to being useful for environmental
control, is also useful for the design of sustainable lighting strategies, optimization of public
lighting and evaluation of the impact of new lighting technologies on light pollution.
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Introduction

The updated version of the lighting standard EN 122684 A 3K FyR f AIKIAy IO
places-h dzii R 2 2 NJ ¢ wasdJeledsdd lat@h& énof 2024. It replaces the former version

of this standard from 2014. The standard addresses the lighting conditions of a variety of
outdoor workplaces such as building sites, industrial sites and outdoor storage areas.
Moreover, it defines the lighting requirements for outdoor areas of certain transport
infrastructuresg such as railway stations and airports.

As Kretzer and Reichenba(2023)illustrate, standards are not legally binding and they d
not contain criteria for whether or not an area needs to be lit. However, they (ibid.) argue that
the existence of normative specifications for the lighting of a particular outdoor area increases
the likelihood that this area will be illuminated. Moreayehey (ibid.) conclude that the
requirements of the outdoor lighting standards have a significant influence on the extent of
light pollution¢ which applies to both normative minimum and maximum requirements.

Method

This paper analyses what consequenttes adaptations in the new version of the standard
are likely to have regarding light emissions. Therefore, the updated standard was examined
for both aspects that support light pollution and for those that reduce light pollution. Based
on the findings, tiwas anticipated what effects the standard's adaptations could have on
future lighting design schemes.

Conclusions

The analysis of the updated lighting standard SN EN 124(
(Schweizerische Normeéviereinigung, 2024)evealed that the

INB e

a0 yRINRQA FRILWGAZ2Y A I NB f 0 2
negative consequences regarding light pollution. g g o orkplces

The positive aspects concern especially the possibility of appl b

lower maintained illuminance values in some situatio

O2YLI NBR G2 GKS ail y(SchweiRfisghe Y HAMI

NormenVereinigung, 2014) a greater considation of
environmentally sensitive area, the introduction of an additior
environmental zone, the lowering of the permitted upward lig!
ratios and the explicit introduction of adaptive lighting.

On the other hand, the s®@F f f SR WY2RATF ~ 7 R
illdzyAylyoOSQ ¢l a AYUNRRdzZOSR I i Fig.6:Theupdated KS f A3
tablesc which offers the possibility of increasing the maintain¢ lighting standard SN EN

ALAN 2025



125

illuminance based on different context modifiers. Moreover, new lighting recommendations
were made for areas that had not beedressed before by the standard. Furthermore,
lighting is sometimes required by the standard even when the area is not occupied.

It will be concluded by arguing that it appears difficult to determine whether the new
adaptions to the standard, viewed asvhole, are better or worse for the environment: The
adaptations differ in nature and application and therefore cannot be directly compared or
weighted against each other. However, it is crucial that lighting designers, lighting operators
and public autbrities know about these changes in the updated standard as well as about
their possible impact on the environmemt in order to enable them to make informed
decisions when applying this standard to new lighting installations.
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Introduction

A general problem with the acceptance of light pollution mitigation and regulation is a lack of
knowledge about theeonsequences of artificial light at night. Today, people experience an
overflow of information. The willingness to read long, complex texts is low. It is therefore
necessary to find ways to provide information that is not perceived as dry education, but
includes a fun factor, especially for children and young people.

This is not only the experience of adults, but also of children who try to explain environmental
problems to peers. To show people how bad the amount of ALAN is, we have designed an easy
boardgame, in which the players can experience different ecological consequences of ALAN
and natural darkness. The driving force behind this game were two primary school students,
Benjamin, 10 years, and Viviane, 9 years.

The game follows a simple structur~
of a ladder game with one dice. O ¢
each event field, the player takes th
role of an animal, a person, or in on
case a plant. A short text inform: =
them about the effect of ALAN anc——<;’ o
the player either has to wait,
advance, make a detour, or take
shortcut.

There is an additional booklet witt
the rules and more information |
about light pollution in general, the .
individual event fields, and ways to
reduce light pollution. Fig. 1: Gameboard of Journey throudle bright night.

The game is designed either asnpiout for four DIN A 4 pages or one DIN A 2 page. It can be
downloaded for free from this websitenttps://nachhaltiabeleuchten.de/blog/en/boare
gameon-light-pollution/ . It is allowed to copy and distribute the game for free with credit to
the authors. The game is used by a couple of groups to raise awareness for light pollution.

CKIFyla 02 Sy iKaaAI MGATO @2 dzy G SSNE  F NE W f I foff S2 ¢
AY DSNXIYyIZ 9y3fAaKI CNBYOKX LOUlFfAFYSXS {L}IYyAAK
DFftAOAlLYZ YR 9aLISNIyili2¢ alye GKIFyla G2 ! YAN
5 yASt DEtASRYSNE 5FyAStl DRI YIEBSESNB YINEO|l & | Wi
[ dzOA L Yl EfFyAas al NOAY tlFgtSes wldzZ / SNBSANI
adzLILI2 NI FyR (2 CStAOAGIA YR I SyyAy3 {{dzYyYSN
FYR GKS wl @Sya FTNRY {SESIKSAYP LINA Yl NBE a20K22ft 7
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Satellite observations provide extremely usaffbbrmation about the Earth system, both at

day and at night. The American DMOGBS and VIIRBENB missions have so far provided the

2yte yAIKGte FyR 3Ft20lf GASga 2F 9 NLGK Ay i
R2Say Qi LINE @ ARsDeirty inddagingly used thanksadits ilnproved resolution

and spectral information. Despite its overall leadership in Earth observation through the
Copernicus program, Europe has not yet launched a dedicated $j@seel and
radiometrically calibratednstrument for observing nighttime lights. This presentation seeks

G2 SELX LAY 6Ké YyAIKGGAYS fA3IKGA I NB y2G &Si
ALAN community could potentially help to change this in the future.

At present, the European 8p0S | 3Sy 0eQa 69{! 0 9FNIK 206aSNBDI
into three groups: Science, Copernicus, and Meteorology. This division is both thematic and
related to the different funding sources for the missions. Copernicus missions are

G 2 LIS NJ U Radiygltiat they afe designed to provide letgm monitoring of well

defined environmental parameters. In contrast, Science missions arefbimestruments that

are intended to considerably advance understanding of one or more aspects of the Earth
system Science missions are currently mainly funded by the Earth Explorer and Scout funding
lines. The success of a science mission (or even a convincing mission concept) can lead to the
eventual incorporation of an Earth system variable into the Copernicustaromg program.

Science esa Copernicus

Figure 1: BSQa KA AG2NAROIFf YR LI IFYYSR 9INIK 206aSNDI (A
permission for the purposes of this ALAN abstract, but not released under-BY QGcense.
(https://www.esa.int/ESA _Multimedia/Terms_and_conditions_of use_of images _and videos avalil

able _on_the esa websije

A key task fothe ALAN community is therefore to communicate both the needs and benefits
of nighttime light observation to ESA, its member states, and their national space agencies.
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But what exactly are our needs? Satellite mission design inevitably involves tradeoféen
different parameters, such as spatial resolution vs. spatial coverage (Figure 2). TRBNBRS

is only able to image the entire Earth each night thanks to its relatively low spatial resolution.
Satellite instruments observing at higher resolutiesuch as SDGSAf are able to observe

only specific targets on each overpass, which leads to much larger gaps in the time of
observations, and potentially areas of Earth that are never imaged (e.g. oceans). For the ALAN
community as a whole, which is moiraportant, coverage and frequency of observation, or
spatial resolution and sensitivity? And which aspects of ALAN would make the most convincing
case for inclusion in the Earth Explorer or Scout programs?

VIIRS (2022) SDGSAT-1 (2022) AIRBONE (2022)

Figure 2: Colognesermanyjmaged at different spatial resolutions from three different sensors. The airborne
data was taken with a resolution of ~1 meter, and then modified to show the impact of reduced resolution. Image
reproduced from Kyba et al. (2024), licensed under CC BY 4.0.

The aims of this presentation are to familiarize the ALAN community with the nature of known
tradeoffs, to highlight the preparatory work that has already been done in the N8, Night
Watch, and EULE mission proposals, to present the planned aims of dutaméx Explorer
proposal, and to invite the ALAN community to constructively criticize these plans.
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Introduction

Artificial Light At Night (ALAN) is a form of pollution with significant environmental and health
impacts. While urban streetlighting iskaown contributor, the extent and impact of lighting
along major roads outside of urban areas remain largely unquantified. This study presents the
first global analysis to identify and quantify lit roads in aoban areas, exploring the soeio
economic, emironmental, and governance factors that explain crosantry variations. We
hypothesized that wealthier countries, particularly those with significant fossil fuel industries,
would exhibit more extensive road illumination along major intgy roads, wiereas
countries with strong environmental policies would show the opposite trend.

Methods

We combined global datasets to analyze major road lighting outside of urban areas. Major
road networks were extracted from OpenStreetMap and nighttime radiance frioRSvannual

2023 composite. Urban areas were masked using the World Settlement Footprint 3D and OSM
residential data, and gas flares were excluded with the VIIRS night fire dataset. SDIGGRT

time lights imagery was used for validation (Figure 1)théa applied multivariate and spatial
econometric models to relate lit road patterns to an ensemble of 18 national ®m@nomic,
energy, and environmental indicators.

Discussion and Conclusions

Our results showed that most major roads outside urban areasined unlit worldwide. Yet,

in 27 countries, more than 2% of the road network outside of urban areas was illuminated,
contributing up to 5.3% of national nighttime radiance (in the United Arab Emirates (UAE)).
Hierarchical clustering revealed four gpmuiof countries. The most brightly lit rural major
roads occurred in cind gasproducing nations of the Middle East with high GDP per capita
(e.g., Kuwait, UAE, Qatar) and in highly urbanized, wealthy Asian regions (e.g., Hong Kong,
Singapore). By cordst, nations with strong environmental governance, renewable energy
uptake, and carboipricing mechanisms (e.g., Scandinavian countries) maintained less lit
major roads outside of urban areas. Road illumination was closely linked to fossil fuel
dependenceprban radiance levels, and the number of environmental policies, aligning with
our hypotheses.

To our knowledge, this study provides the first global assessment of nighttime emissions from
major roads outside of urban areas, highlighting major dispaiiiéghting practices. It shows

how national energy strategies, urbanization patterns, and policy frameworks shape the use
of road lighting, with consequences for energy demand and light pollution at the global scale.
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Figure7: Gas flare and urban area exclusions in western Qatay SDGSATTimage acquired on 2024

11-11. B) VIIRS 2023 annual composite. C) VIIRS 2023 annual composite with circular masks applied
around identified gas flare locations and exclusion of urban asdasvp in grey). Road identification
(inter-city major roads only): Lit = roads with detected streetlighting outside urban areas; Unlit = roads
with no detected streetlighting, or roads affected by gas flares, or roads with streetlighting located
within exduded urban areas.

This work is licensed underGzeative Commons Attribution 4.0 International License
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Introduction

Artificial light at night (ALAN) is a widespread component of global change of increasing
importance(Kyba et al., 2017Nevertheless, research on effects of this factor on species and
ecosystems has only accelerated in the past de¢Bdeies & Smyth, 2018%everal empirical
studies revealed detrimental effects of ALAN on physiological parameters, activity and life
history traits of different animal specig¢Sanders et al., 2021)Most previous studies focused

on comparing effects on organisms in the presence versus the absence of@agbh et al.,
2014) without considering the complex nature of ALAN at temporal gatial levels. Thus,
empirical research considering this complexity is nee(@ata & Falchi, 2023)

Several recent laboratory studies assessing effects of ALAN used some form-of light
emitting diodes (LEDgPesouhant et al., 2019Wwhich can be dimmedotlow illuminance
levels(Chinchero et al., 202@ mimic realistic ALAN intensities. We aimed to provide more
flexibility in adjusting different ALAN properties, allowing for simultaneous testing of different
ALAN light intensities and durations (e.@rtmight lighting) with several biological replicates
per treatment group. Thus, we manufactured a novel, Joogt, flexible experimental setup
for research on ALAN, which may ultimately help to decipher mechanisms that underlie effects
of ALAN on organiss (Gaston et al., 2014)

Methods

Our setup design implements digital LEDs mount
above compartments, each housing one individt
of the study species under investigation (Fig-B)A
The LEDs are individually controlled by
microcontroller, allowing to set light treatments it
randomizedblock designs. Opesource software is
used to set light programs that can easily
adjusted in a flexible manner. Each LED can be
to a specific light color and brightness at any giv C. PP wd PP ) té’
time. This enables the programming of simulate Yire

complex light regnes including smooth transitions,:ig_ 1: The ALAN setup with digital LEI
between day and night light settings as well iysed for mimicking sunlight (A) and
different ALAN regimes (Fig.-BA. We assessed thdifferent regimes of ALAN (B). In our
functionality of the setup by determining theexperiment, we exposed individuals of
homogeneity of illuminance across all individuthe 1eaf beetle specieBhaedon

LEDs. Furthermore, we test the longevity of this cochleariadn Petri dishes (B) to ALAN

: ) : ) their whole life span, from larvae to
technical approach for a continuous running time _q4,ithood (C).
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5.5 months, in which we conducted three experiments of several weeks each. One of these
experiments focused on determining effects of different ALAN intensities (low versus high
ALAN) and durations (continuous versus paight lighting) on the herbivorous leaf beetle
Phaedon cochlearia@Fig. 1BC) Several life history and reproductive traits of this species
were investigated. Here, we show some results of this experiment.

Concusions

By illuminating individual compartments with one digital LEDs each, our setup enables the
parallel testing of impacts of different light colors, intensities and durations on small
organisms such as insects in randomized block designs (Fig. 1Bighighhpossibilities to
adjust the design to fit various research questions related to light. For example, by increasing
the number of LEDs and the size of the compartments, the setup can be adjusted for
investigations with larger study species.

When masuring the light intensities of the LEDs at the same program level along the
string of LEDs, we found highly homogenous illuminance patterns, indicating that voltage
drops within the setup were neglectable. With this high level of homogeneity, we aim to
increase the level of repeatability of research results. Our experiment Ritbochleariae
revealed prolonged developmental times until adult eclosion under high continuous ALAN
compared to the other light regimes. All other assessed life history traite wat affected by
ALAN. This experiment and the general flexibility of the setup highlight the potential of our
experimental design for various future -tkepth ecological research studies on the
consequences of ALAN for various species.
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Introduction

Northern Chile is globally recognized for offering the darkest and clearest skies in the southern
hemisphere, making it a key destination for astronomical observation. Chile concentrates 40%
of the world's astronomical observation capacity and it is expected that by the end of this
decade this number will reach 70% with the start of operations of éhestronomical
megaprojects currently under construction, reaffirming its position as a leader in the
investigation of the universe.

Light pollution (LP) poses a growing challenge to astronomical observation, environmental
health, and public awareness. dtsrupts ecosystems, diminishes human connection to the
night sky, and undermines scientific research in astronomy.

The main objective of the Office for Protection of the Quality of the Sky in Northern Chile
(OPCC) is to promote protection of the dakies for astronomy and to support the technical
implementation of light pollution regulations in Chile. For this purpose, the OPCC conducted
an analysis to answer the question: What are the conditions that put astronomical research in
Chile at risk?

Methods

To obtain indepth knowledge of the problem of light pollution, its gaps and challenges, and
to identify the actors of the ecosystem, 19 stakeholders from different public institutions,
municipalities, universities and astronomical observatories weterewed.

Also, a problem tree analysis was made and a stakeholder map was developed to comprehend
the dynamics of the actors involved in the light pollution probléproblem tree analysis is

a visual tool to explore and understand a problem by mapping its causes and effects. This
method helps uncover root causes, prioritize areas for intervention, and foster collaboration
among stakeholders, providing a solid foatidn for developing effective solutions.

Finally, there were identified areas that can be intervened to lower the risk of affecting the
astronomical observatories' productivity and the natural heritage of dark skies.

Conclusions
In this case the main prébSY (2 o6S T RRNBaa ¢l a RSTAYSR
FAGNRBY2YAOLf 20aSNBIGA2YyE OCATDP MO

Six main causes of the problem were identified:
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1. Increased level of artificial
sky brightness

2. Lack of territoial
diagnostics and studies o
light pollution

3. Insufficient public
awareness of the impact
of light pollution and light

regulation & & @ E @

4. Limited capabilities and 5 = === = HEE

knowledge in lighting g .
design .',‘f. i @% ? g'm

5. Low control and
inspection to comply with Fig. 1: Light pollution for astronomy problem tree
the current regulation

6. Market does not offer adequate light technologies that complies with regulation

The main impact of the problem is the decrease in the sky quality that generates a greater
effort in the correction of astronomical data, which could cause a decrease imastioal
investment in Chile, thus losing the country's leadership. Also has an impact on the
astrotourism activities and may affect local employability.

The problem of light pollution has led to the development of a new lighting norm. Although
the norm isdemanding with respect to emission levels, the compliance periods are long and
the net light pollution will not necessarily be reduced because the norm is an emission
standard and does not evaluate the aggregate or cumulative effect of multiple lightesoumr

the same territory. Also, it has provoked resistance from some institutions, like municipalities.

The impacts of light pollution on biodiversity, natural ecosystems and human health are also
considered. These effects are not the focus of the OBGGerve as a lever to reach out to
citizens and local institutions.

The analysis shows that the elements that can be intervened are: the lack of coordination in
the light measurements and studies carried out by observatories and academia; the lack of
capacities for the lighting design of projects and control procedures; and the low supply of
luminaire technologies offered by the market. The variables identified that need to be
addressed, but are far from astronomy are: the lack of recognition of theskyteeritage of

all people and of light pollution as an environmental problem; the political decision of
institutions (especially municipalities) to deal with the problem; and the need for a secondary
lighting norm that allows the aggregate effect of liglources to be evaluated.

These areas of intervention respond to the needs of the actors involved in the governance of
dark skies, such as municipalities, astronomical observatories, Ministry of Environment and
academia. It also seeks to respond to the gagentified in technical knowledge on the part

of municipal teams, professionals who develop environmental baselines and implementers of
lighting projects.

The growth of cities and the development of the mining and energy industries pose a real
threat to the operation of astronomical observatories, and although they are still not
sufficient, Chile has made progress in policies that seek to harmonize the different activities
and vocations in the territories of the Atacama Desert.
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Introduction

Artificial light at night (ALAN) is considered to be one of the major threats to insects by
attracting and dislocating them from their natural habitat (Owens & Lewis, 2018; Owahs et

2019). In Germany, 5400 railway stations and a total of 1900okrrack are regularly
illuminated at night by DBfraGOAG for operational and traffic safety reasons. Although

DBLY ¥FN} Dh ! DQa adldAzy tAIKGAYy3a A& adznaSOod i
diversity have hardly been taken into accoun2 T NP ¢ KS NB&ASisetiDK LINE
conservation at railway stations through more ins@cNA Sy Rf & {cR@®K pravidedé O H N |
the scientific background for updating the guidelines and integrating insect conservation into

the lighting concepof DB InfraGO AG by analyzing the pull effect of three alternative platform

lighting systems on flying insects (Fij.

HPS lamp

4000 K LED
i

1800 K LED

Fig.1: Alternative platform lighting at the study railway station Pritzerbe, Germany (left; © Christiz
Bedeschinski) and their corresponding emission spectra (#HfP8: higipressure sodiuntamp)

Methods

The three alternative light sources (4000 K LED, 1800 K LEEprésghre sodium lamps
(2300K)) differ in light colour an@émission spectrum. While higtressure sodium lamps
represent the old stock at most German railway stations, 4000 K LEDs are being used in new
buildings and renovations for energy reasons. The 1800 K LED was newly developed as part of
the research projecand is therefore not yet installed as standard by DB InfraGO AG. Due to
the filtered out shortwavelength light, the newly developed 1800 K LED is assumed to be less
attractive to flying insects than the other two alternative light sources tested. Allethre
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alternative light sources have been installed simultaneously at six-satmial railway
stations in the Westhavelland Nature Park (dark sky reserve in Brandenburg, Germany) to
monitor their pull effect on flying insects using tireentrolled aireclecta traps. Insect
species affected by light pollution are assessed using destructive metabarcoding, while

guantitative parameters are recorded by biomass measurements and Hiaged individual
counting.

Results

Preliminary results from biomass measuremeifs 2023 (Fig. 2) suggest a significantly
reduced pull effect of 1800 K LED on flying insgxtsQ.001) and could therefore substantially
contribute to insect conservation in rail transport. Despite large differences in light colour,
4000 K LED and higinessure sodium lamps do not appear to differ in their pull effect on flying
insects p= 0.115). The strong pull effect observed for kghssure sodium lamps with a
comparatively low average light colour of 2300 K could be due to their diffuse emission
gpectrum and greater heat development. Simply reducing the average light colour does not
therefore appear to be a sufficient criterion for more inséendly lighting. Preliminary
results from biomass measurements of 2023 will be further verified by calaig,
metabarcoding species lists and the sample set of 2024.

304

Biomass [g]
per sampling interval

T T T T
HPFS 4000 K LED 1800 K LED Control

Fig.2: Preliminary results of mean insect biomass per sampling interval asedlaitor trap with
95%confidence intervals in 2023 (tweedie distribut; HPS: higpressure sodium lamp;
n(light source¥ 80;n(control)= 120).

To our knowledge, the BALIN project is one of the first scientific studies to analyze the pull
effect of station lighting on insects in real raperations and represents a stakeholder for
other public and industrial entities on national and international level.
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Introduction:

Ireland is one of few EU Member States without legislation or national policy to protect dark
sky places and mitigate light pollution (Widmer and Marnane 20@23pite being home to

three officially recognised dark sky places; Kerry International Dark Sky Reserve with Gold Tier,
Mayo International Dark Sky Park with Gold Tier (known as Mayo Dark Sky Park) at Wild
Nephin National Park, and OM Dark Sky Park inhéont Ireland. However, the pervasive
growth of light pollution across Ireland, particularly in the last two decades, has left the
country with degraded night skies, and light polluted ecological corridors. The rapid
development and implementation of Ligaimitting Diodes (LEDs) has transformed the use of
artificial light at night in the public realm. Whilst LEDs have brought significant benefits in
energy efficiency and ease of control; their widespread installation has triggered growing
concerns as to theémpacts on the natural world (Gaston and Sanchez de Miguel 2022)1.
Specifically, LEDs emitting bludite light are known to scatter light more widely into the
atmosphere, exacerbating light pollution and disrupting the natural day/night cycles of
ecosystens, impacting biodiversity and human health. This increase in lighting emissions is
now a critical issue as light pollution continues to spread into the remaining areas of natural
darkness across Ireland and is likely to be accelerated as renewable pmwees increase,
making artificial light cheaper to run and therefore used more abundantly (Lyytiméaki 2025).
Therefore the implementation of mitigation strategies to control light emissions, not just to
make energy more accessible, is in urgent need.

IN2Hm GKS ySSR (G2 RS@GSt2L) I ylFdA2ylFf adaN)raGdS3e
Rural Tourism development policy although agency responsibility for the delivery of the
strategy was unclear and to date, it has not been completed. Identifying andwermg the

most appropriate agency to develop policy on dark sky protection is a common challenge
facing policy makers (Yakushina 2025). However, in January 2025 the newly formed
D2OSNYYSyld 2F LNBflIyR LINSASYGSR Adlrdheflt§6 Gt NI
time included a government commitment to promote and encourage an expansion of Dark

Sky Ireland national parks and reserves. The commitment positioned dark skies within the
NEBFfY 2F at NPGSOGAY3I | SNRGI IS ndl Parks & WiltldeNB ¢ T
{ SNBAOS o6bt2{0d /2yOdz2NNByidfes bt2{ Ffaz2z KI 3
Restoration Plan (NRP) for Ireland by 2026 through a programme@tation with a wide

network of stakeholders. This may be a timely opportunitypave the way for appropriate

NBE3IdzE  GAZ2y 2y fAIKG LREfdziA2y Ay LNBfFYyR TF2¢f
YSIF&adaNBa G2 ¢aidz2LE NBRdzOS 2NJ NBYSRALFGS fA3IKD
This poster explores a vision of heff RQ&a LI G0 Kgl & (2 Fdzidz2NE L2t AC
commitment to protect and expand dark sky places. It builds on the existing knowledge and
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experience of dark sky places and NGOs (including Dark Sky Ireland) and considers the role of
multi stakeholdernetworks, partnerships and collaborations in supporting the rigtied

work required from government departments, agencies, NGOs and local stakeholders.
Furthermore, it presents a framework for protecting Irish nightscapes in the long term.
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Ecosystems are increasingly exposed to multiple anthropogenic stressors, both abiotic and
biotic, which can interact across ecosystem boundaf@smerod et al., 2010; Birk et al.,
2020). In coupled metacosystems, these stressors can extend beyond ecosystem
boundaries. For instance, reduced emergence of aquatic insects from streams can influence
terrestrial predators and their trophic interactions (e.g. Krell et al., 2015; Graf et al., 2019).
Two major threats to freshwater biodiversity in Europe are artificial light at night (ALAN) (e.g.
Gaston et al., 2015; Holker et al., 2021) and invasiveispesuch as the signal crayfish
(Pacifastacus leniusculug/aelRen and Hollert 2015).

We investigated how ALAN, signal crayfish, and their interaction affect riparian spiders by
altering aquatic insect emergence. Using a field mesocosm facility withpliGated units,

each consisting of a Ifheter artificial flume fed by river water and adjacent terrestrial
habitat, we conducted a fully crossed experiment under agatural conditions. Crayfish
presence led to a 35% reduction in insect emergence witerfitst week, while ALAN had no
significant effect. Spider abundance correlated positively with insect emergence, particularly
for riparian Tetragnathidae speciefgchygnatha degeerand Tetragnatha extensg
indicating indirect negative effects of thdgeal crayfish. During the first week of our
experiment, spider numbers increased by 22% in pitfall traps exposed to ALAN, but decreased
by 25% in suction samples. This difference is likely driven by differences in species composition
between the two samphg methods. While the effects of crayfish and ALAN varied by taxon
and time, no significant interactive effects were detected.

Our findings demonstrate that invasive signal crayfish can reduce insect emergence, triggering
cascading effects on riparian dpr communities and suggests that the effects of crayfish

invasion and ALAN are largely independent. This highlights how biological invasions can
extend beyond aquatic ecosystems, impacting terrestrial food webs. Understanding such
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crossboundary stressoeffects is essential for conserving aqudtcrestrial ecotones in the
face of global changes.

References
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Does more light make us safer?
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Abstract

Safety is often given as a justification for increasing lighting. Whilst we need some light at night

G2 FT@P2AR 204Gl 0ftSaz ¢S &aKz2dzZ R Iff |alz Ww2KI
GKFG AYyONBIFaAYy3d fAIKAIGAY I NEGhBRuzS dlea ONRSYEy | YV R
benefit from lighting stems from the unease humans feel about darkness at night, because we
FNE | RFE@GAYS aLISOASad ! FGSNIIFffs GKS [jdzSada
most, the law abiding citizen, seeipgtential risks, or the criminal in highlighting targets and

2LILI2 NI dzy AGASAKQd Ly NBIFNR (2 NRBFR &auseFSdie LI
behaviour, through giving a seemingly safer environment.

Over the years | have found that studiesed to promote the public safety claim are of very
poor quality, so the claim is untrustworthy. | have written critiques of some of thidiginting
work, Marchant (2004, 2017, 2022, 2024).

More recently | have been involved in studying the effect aghding a whole city (Leeds UK),
from predominately orange light to white, see Marchant and Norman (2023, 2025). It was
claimed the relighting would make a substantial improvement to public safety, justifying the
cost. The studies used a multilevel approdaoc model the change in the adverse events due

to the new lighting. There were 19,000+ road collisions and 471,000+ useable police recorded
crimes during 456 weeks in the 107 areas comprising the whole city as the nearly 80,000
replacement white lamps werinstalled. The method separates the effect of lighting from the
underlying trends in the rate of events of interest that is independent of the lupldf white
lighting.

Null results were found for both road collisions and crime with a narrow confidenegval
for the latter. Null results were also obtained by an independent large scale study funded by
the UK National Institute for Health and Care Research, see Steinbach et al (2015).

The presentation will briefly outline the deficiencies in the pqoality work that gives rise to
dubious claims of large lighting benefit and then explains how the multilevel method works
and overcomes weaknesses of the substandard studies. It is hoped that others will also
investigate, using sound methods, what theeetfs of other lighting changes are.
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Introduction

In 2023, Chile adopted a law setting new standards for natime regulations on light

emitting sourcesThe law focuses on the night sky for astronomical observations but also the
protection of biodiversity and human health. It tackles all sources bfitig (both new and

existing ones, including pedestrian lighting) and sets limits on luminous intensity, emission per
reflection, restrictions on the emission of blue light. Implementing changes in public lighting

is key to reduce the impact of ALAN ore thiodiversity including the increasingly evidenced

impacts on coastal and marine ecosystefdsvies et al., 2014However, lights also play a

NREfS Ay LIS2L) SQa FSStAy3a 2F alFSGeo CSg addzF
light mitigation measuregBeaudet et al., 2022nd results are mixed. Some studies found a
negative impact of reducing light intensity on the feeling of safety. Vrij & Winkel, 1991)

Other studies focusing on light colour found a positive impact of white colour lights on the
feeling of safety(e.g. Knight, 201®ut other found the opposit€e.g. Portnov et al., 2020)

LYLX SYSydAy3a I'[!'b YAGAILIGA2Y YSI adaNBa OFf ¢
preferences. Focusing on two urban beaches in Chile, our work aims dt idé@é Ay 3 dza S
preferences regarding various ALAN mitigation options.

Methods

Visual @method was used tainderstand the different social perspectives of beach users in
two Chilean coastal cities regarding different urban light mitigation measuresetod
supports the collection of individual perspectives and the measure and mapping of their
variations acros individualgKuipers et al., 2022)t uncovers different perspectives existing
on an environmental topic or issue by identifyiclgster of opiniongWebler et al., 2009)Q
method supports the collection of both quantitative and qualitative data and provides
powerful results even with small sample as it builds on standard factor analysis.

Users of urlbn beaches in La Serena (a bea
attracting international tourists, n=13) anc
Concepcion (a beach mainly used by locals, n=
were recruited (through local gatekeepers ar
snowballing) for an up to onkour individual
interview. Participants were first psented a
carefully designed information sheet detailing th
pros and cons of ALAN (including impacts on 1
coastal ecosystems and societal benefits of ALA Fig. 1: Two examples of the pictures
The participants were then presented with 25imag  presented to participants in La Serer
presenting 25 different possible ALAN mitiga

options (Fig. 1). The images were based on a picture of thestadg location edited to reflect
the different mitigation options: difference in light intensity, light colour, height of the light
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pole, light switcheebff. Participants were then aske
to sort (i.e. organise) those images usmgorting grid

(Fig. 2), and to explain the motivations behind the ...’!-n“
0K2A0Sa oz aikryiiya +t SIMEMMW 5 o

a short questionnaire, to collect data about their use
of beaches, their values and so@emographic data.

|

The sortinggrids were analysed through facto
FylFrfearas dzaiay3d GKS w LI
factors were interpreted using the qualitative dat
collected during the sorting exercise.

Ed ¢KS

_ _ Fig. 2: Example of sorted images frc
Results and discussion one participant in the @nethod

The analysis will identify different factors (i.e. interview

LISNELISOGAPSar Soead GKS ayAIKG f20SNEE 2N K¢
factor, the most liked and disliked options. The rationales provided by the participants to
explain their sortinde.g.of A 3K LR2ftdziAzy IGGONF Ola YENB LI2f
LJ- NI A Qe Bdlreyia® SASy aidil NaZ tAaGaSy (2 GKS az2dzy R 27
YEE LI NI A OA LI ywuill ba ysed toagalhse HIO dalent featsref each cluster.

The responses to the questionnaire will be used to identify the characteristics of the

LI NOAOALI yiGa Ay SFEOK FILOG2NX» ¢KS |ylfeara oA
that are liked or disliked across the different factp

LRSYGAFTEe@AY3 (GKS o0SIFOK dzaASNBQ @ASglLRAyGa Oy
measures that lower the resistance and/or impacts on users. The results are being used to
develop a quantitative, natiowide survey. They also inform Chile natibpalicy and more

broadly upcoming ALAN regulations globally through the identification of bottleneck and
resistance as well as lelaanging fruit for mitigating ALAN.
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Introduction

Natural photoperiod is a reliable signal for plants to keep the timing of their physiological
activity, metabolism, and whole life cycle. Photosynthetic pigment systems absorb certain
light spectrum wavelengths, and various photoreceptors sense light Her dircadian
regulation of ontogenesis. Continuous artificial light at night disrupts the plants' perception of
photoperiod. The absence of a continuous dark period at night, the light perceived by
phytochromes at night, disrupts the evaluation and sigmabf lightbased information and
provides misleading signals to plant functiolesding to significant physiological changes in
plants. These alterations include reduced photosynthetic efficiency, impaired chlorophyll
synthesis, oxidative stress, and dgas in carbohydrate metabolism. The extent of these
effects varies depending on the light spectrum and plant species, highlighting the need for
speciesspecific assessments when considering the ecological impacts of ALAN. In natural
plant populations, ditrent abiotic stresses do not act in isolatidihe main aim of this study

is to obtain new data on physiological activity under different spectra of continuous light
combined with other abiotic stresses (e.g. water stress, cold stress) in vasculaiyaptiyie
model plants.

Methods

Pelargonium zonalevas cultivated in the departmentPorella platyphyllaL.) Pfeiff. was
collected from the Bikk Mountains and dehardened and hardened (cold adaptation or
desiccation) before using in tests (TablePglargoniunmleaves were detached and put into
e —— Hoagland solution containing 21% PEG (6@0aly
%9 = | Hoagland in controls). Experiments were carried out
in 3 climate chambers (3050K full, 2950K warm,
6550K cold light spectrum) (Fig. 1) at a
photosynthetic photon flux density (PPFD) of 200
umol m2s's 4 wmye/ Fibdlight/106 SS]1 @ !
M. hour dak cycle was applied in the ftdpectrum
weomeme ™™ climate chamber, and constant lighting was used in
Fig. 1. @Gmparison of the light spectra « both the warm and cold light chambers. Physiological
the applied three climate chamber  parameters were measured in plants (n=3 in 3
lighting technologies: 3050 K Led (blac jhdependent setups) at the beginning of the
6550 K Led (blue) /2950 K Led (red gyneriments and afterl week. Photosynthetic
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Experimental design and plant materials | Change in % compared to controls |

pigment content analyses followed

Porelia platyphylla _ pretreatment chl/chly | chis/cars [ total chls
darknessfor 1 wesk st 14'C | cold stressfor § morths - Lichtenthaler and Wellburn (1983) using 96%
::rlliir;f;ahdarkcyrleat 18.‘6 Z&;ﬁﬂs;;:ﬂfgrﬁﬁr::::s — (V/V) ethanolic extraction and reading
continuous WARM lght st 16°C |.¢od siess for § months. absorbance at 470, 649, and 665 nm on a
continuous COLD light £ 15°C | cod tress for 6 months. spectrophobmeter (Varian Cary 3E).

ium zonale . - - .
Zl%PEG&14h||ght,’10hdarkcycleat 18°C for 1 week | +0.3 AntIOXIdant CapaC|ty Was determlnEd by the

21% PEG & continuous WARM light at 18°C for 1 week
21% PEG & continuous COLD light at 18°C for 1 week

DPPH test from the 96% (v/v) ethanolic
Table 1. Experimental design, treatments. extracts (Marschatt al.2024).Total soluble
Photosynthetic pigment change in #&. sugars and fructanin P. platyphyllawere

platyphyllaand Pelargonium zonaleere kept 4 antifiedusing 80% (v/v) ethanolic extracts
under Mh light/ 10h dark Cyde.at fu'.! SPectrul 4 1owed by Marschall et al 1998. The

and continuous warm and cold ligftsi My metabolic profile of the plant extracts was

week combining the effect of water stress an .
previous hardening as cold and desiccation measured by G®IS analysis (Marschat

al. 2024).
2 ?:g . - *
£ 340 * ~ =
S 20 e=s & ol - - - :;
g ol ik 1IN I i
£ & & & E e H
& & \\%‘\% & & t?:"‘p s 100
O . , =
&‘@\\\& @@ﬁ .,\.vg&:é& & I;O&Qs) ¥ 50 = i ‘ - I
Ly Vés*’ & o | 7 L] - |
o chiachln 8 chis/cars m total chis T LS, | kIR Aa T s e
Fig. 2. Photosynthetic pigments in cold or ) il _
desiccation hardened (dotted lines=unharder ~ Fig. 3. Photosynthetic pigmentsHtelargonium
controls)P. platyphyllaafter 1 week of dark, zonaleafter 1 week of using continuous warr
cortinuous warm (2950 K) or cold (6550 K) | (2950 K) or cold (6550 K) led lighting and
||ght|ng Control p|ants were kept at a-hur combined 21% PEG t.reatment. Control plar
light/10-hour dark cycle having the fidpectrunr ~ Were kept at a 1our light/10hour dark cycle
(3050 K) of light:= Statistically significant having the fulispectrum (305K) of light *=

STDs, where n=3.

Conclusions

ALAN affecting alone or interacting with the water deficit of cells can alter photosynthetic
(Table 1, Fig. 2, 3) and nphotosynthetic pigment composition, the quality and the quantity

of the storage carbohydrates, metabolic profile, and the antioxidzaypacity of the whole
plant. The specific effects vary among species, highlighting the importance of considering
individual plant responses when assessing the impact of artificial lighting on plant physiology.
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At any given moment, half of the Earth is illuminated by the Sun, while the other half is
embraced by the night. Although the nighttinemvironment has a significant impact on the
human circadian cycle and ecosystems, Earth's night remains considerably less studied than
daytime. Yet, several environmental disturbances, including light pollution, noise pollution,
and air pollution, follow @iurnal cycle in which the darkness period plays a critical role in the
impact of these pollutants. Nighttime is half of life!

In Quebec, an increasing number of specialists are focusing on the nighttime environment
due to its effects on human and ecossist health, astronomical observations, and energy
consumption. Notably, light pollution is gaining attention in the media, legislation, and
scientific research in Quebec. The newly forn@atalyst for Innovation in Night Studids a
strategic network on ncturnal studies regrouping researchers and specialists from academia,
government agencies and private sector. The network brings together Quebec experts in
nocturnal environments, covering areas such as light pollution, noise pollution, air pollution,
human health, epidemiology, ecology, geomatics, and environmental sciences. The funding of
this network is a statement from the Quebec government that night studies are of importance
for the Quebec society.

) 'I:he C}atalys} for anovatign in I\Aligvht, Studie;s is stm;d arognd four main rgsAearcp )
UKSYSa UKIFO NBFfSOU Aua YSYOSNRQ AYyUuUSNKadua
1. Instrumentation and monitoring of the nighttime environment
2. Modeling of physical processes
3. Impact on human health, wildlife, flora, and ecosystems
4. Awarenessand outreach regarding issues and solutions

The Catalyst for Innovation in Night Studies leads an innovative, unifying research project
with four key objectives that bridge scientific research on light pollution with practical
applications:

1. Case studies fotwo isolated northern villagesas an outdoor laboratory to support
modeling and understanding of light pollution propagation in the environment.

2. Development of an instrumento measure aerosols and greenhouse gases at night,
as these significantly impact air quality and the spread of light pollution in the
atmosphere.
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3. {dzZLILI2 NI F2NJ YFAYOGFAYAY3 YR LINRY2GAYy 3 vdzS
initiatives, including the vey International Dark Sky Reserves of Mdfdgantic
(Canada) and the Urban Night Sky Place of MBeilevue (Canada).

4. Analysis of the inequities in nighttime environmental quality among socio
demographic groupgenvironmental justice) and apidemiologica study on the role
of light exposure in prostate cancer incidence

As of March 2025, there are 21 researchers from academia, 7 applied field specialists, 5
universities, 5 colleges and 6 applied field organizations that are parts of the Catalyst for
Innovation in Night Studies. With several research funding projects starting, the Quebec
strategic network welcomes international collaborations.
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Introduction

Light Pollution basically refers to the excessive, misdirected and obtrusive use of exterior
lighting at nighitime which has the effect of ovalluminating the atmosphere. Unlike the
other forms of pollution recognised, Light Pollution is a relatively unrecognised form in India
which has otherwise gained global acceptance. It has not received its due attention as it is
present mostly in urbanraas alone. India, as a developing nation, has its focus on rural
electrification and with this need for lighting, the negatives have been-lgée. Also, with
major and urgent environmental concerns like climate change at hand, light pollution seems
ignorable. However, it is submitted that it is better to prevent a concern before it becomes a
menace.

Light Pollution: A Rising Concern for India

India is developing and urbanising at a very fast pace and the urban cities are facing a number
of environmental issues due to unregulated urbanisation processes. There is no such
environmental problem that the developed countries face and India doesTiw. globe is
common for all and India, sooner or later, will find itself submerged in light and will need to
take steps to undo something that could have easily been prevented. India can choose to
adopt energy efficient and proper lighting installationspi@vent light pollution from rising.

With this approach, India will not only prevent the menace of excessive lighting but also save
the economy.

Legal Setting in India

The Indian experience shows the active role played by both civil and criminal femnis of
preventing and abating nuisance before the specific environmental legislations were enacted.
The tool of nuisance law has been successfully applied for relief by higher judiciary for cases
of pollution and contamination of environment even befatedicated laws were in place. The
author thus first enquires whether the common law tool of nuisance can be applied and used
for the purpose of light pollution. Also, it examines whether this tool can act as the appropriate
remedy to deal with light pollubn. The environmental law in India is not a staaldne
legislation. It is rather a development of a set of legislations, rules and by laws through
adoption of the international principles and national constitutional mandate of environmental
protection ard improvement. The bulk of environmental legislations in India address some or
the other specific environmental concern along with an umbrella legislation.

Comparative Study of Legislative Approach in UK and USA

The developed countries have long been fgdine menace of light pollution and have taken
legislative measures to combat and mitigateWhile developed countries like UK and USA
have recognised and established a legal mechanism to abate light pollution, there are inherent
limitations to each oftiese legal systems. The legal mechanism in India is very similar to that
of these countries and drawing on their experiences can contribute to better solutions. This
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research work aims to find the best possible approach to abate light pollution as soitied t
Indian legal mechanism. In order to do that, it follows a comparative study of legal instruments
existing in these developed countries to arrive at an appropriate remedy.

Contextualizing in Indian Environmental Law

As for the legislative approach tourb light pollution, the concept of light pollution is
contextualized in light of the environmental jurisprudence of India. While the environmental
legislations in India follow a commaiashd-control method and would appear
anthropocentric, the constitudnal mandate is eceoentric. Being party to all major
international conventions, India has accepted the kbagn goal of sustainable development.

In order to trace a remedy for light pollution, it is pertinent to understand the delicate
intricacies of INd I Q&4 26y SYGANRBYYSyYy (Gl 2dzNA-ddpiNHZRSY OF
discussion about the environmental jurisprudence of India with help of analysis of various
principles and landmark cases. This paper then interlinks the concept of light pollution under

each specific head of international principles, constitutional mandate and specific legislations.

Conclusion

The crux of this entire research is to find the most appropriate legal remedy for light pollution
in India in accordance with the Indian environnt&rjurisprudence. The author analyses and
draws comparison of existing models of regulations to recommend legal measures to improve
the scope of legal regulation of light pollution.
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ALAN decreases daytime locomotor activity and circulating melatonin levels
in wild pigeons
¢CKSYSY . A2f23&8 g 902ft238

ALAN 2025


https://www.academia.edu/76927683/Sustainable_Urbanisation_in_India_and_Delhi_Challenges_and_Way_Forward_Background_Paper_23rd_ASEF_Summer_University_ASEF_Education_Department
https://www.academia.edu/76927683/Sustainable_Urbanisation_in_India_and_Delhi_Challenges_and_Way_Forward_Background_Paper_23rd_ASEF_Summer_University_ASEF_Education_Department

151

Stan Moaraf: %2 *, Nareed Hasherf) Inon Schar}, Abraham Hefet? Monika Okuliarova
4 Michal Zeman, Anna ZamansRyAnat Barned

1 School of Zoology, FAViv University, Teélviv, Israel
25 SLI NI YSY G 2F bl ddzaNFt { OASYyOS&az ¢KS hLISY
SDepartment of Information Systems, Haifa University, Haifa, Israel
4Department of AnimaPhysiology and Ethology, Faculty of Natural Sciences, Comenius
University, Bratislava, Slovak Repubilic.

stanmoaraf@mail.tau.ac.ll
* Presenting author

The introduction of artificial light at night (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 aspects, such aduefiwe behavior
(Dominoni et al., 2013) and sleep control (Raap et al., 2016). However, there is little
information regarding the effects of ALAN on daytime and ntghe locomotion activity of

wild birds, although the importance of such studies has bemphasized.
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Figure. 1: Night and day locomotor activity duringl®ur detection period (percent of locomotor
activity per hour) in the Control and ALAN groups during acclimation (A) and experimental (B) stages
of the experiment. N = 16 birds / grouphe two groups differed significantly(k»= 9.33; P = 0.0058).

In our study we captured 32 wild adult male and female pigg@wumba livia domesti¢a

and randomly divided them into two grougsCONT and ALAN (16 birds / group), which were
housed ineight identical big (6X2X2 m) outdoor aviaries (4 aviaries / group; 4 birds / aviary).
The study consisted of two stages, acclimation and experimental, which lasted 6 weeks each.
During the acclimation stage, both groups were exposed tctotag natural Ight intensity

and complete darkness during the nights. During the experimental stage, both groups
remained under the same daytime conditions, however during the nights CONT were sitill
exposed to darkness, while the ALAN group was exposed to 5 lux illimninktid-day and
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midnight plasma melatonin levels were measured by sensitive radioimmunoassay at the end
of the acclimation and experimental stages. We also reordered the locomotor activity of the
pigeons, with an infrared camera continuously for8ursat the end of each of these stages.

All video recordings were automatically analysed using an algorithm based on custom trained
Yolo8 model, detecting individual birds, quantifying their movement and calculating the
percent of their movement / hr.

During the acclimation stagdFig. B), both groups exhibited similar levels of locomotor
activity during day, twilight-, and nighitimes, as expected, because during this stage they
were kept under identical condition3he pattern of this activity was high kg during the
day, a decline towards the twilight time, and very low activity at night, whetih groups
where exposed to darknesBlasma melatonin levels were also similar in both groups during
this stage. However, during the experimental stage (EB), the ALAN group exhibited
significantly less locomotor activity during the dayd twilight times compared taCONT
even though during these hours both groups were exposed to the same illumination.
Surprisingly, during the nights no difference wasedted between the two groups, despite
the fact that the experimental group was exposed to ALAN, whileCi@®&l Twas exposed to
dark nights.In addition, during this experimental stage, pigeons in tB@NTgradually
decreased their locomotor activitguring twilight time, while the ALAN birds stopped their
activity earlier and more sharphinally, during this stage, there was also a significant
decrease in nightime plasma melatonin levels in the ALAN group compared to CONT.

Taken together, we hypothesizie reduced nightime plasma melatonin levels under ALAN
disrupted sleep, leading to increased daytime tiredness in the pigeons. Consequently, this may
have resulted in decreased daytime locomotor activity compare€C@NT However, this
possible sleepidruption was not reflected by an increase in nighte activity, as we recently
found in zebra finchesT@eniopygia guttat® in which ALAN exposure increased nocturnal
activity while maintaining similar daytime levels in both ALAN@@&TMoaraf et al, under
revision). These contrasting behavioral responses to ALAN suggest possible-speciiis
differences and/or differences between wild and captive birds. Further research is needed to
test these possibilities. Overall, our study contributes te tirowing body of evidence that
ALAN disrupts the natural plasma melatonin rhythm and natural shegfe cycle in birds,
which, in turn, may impact their behaviour, and hence their fithess and survival. Our findings
contribute to the understanding of therbader ecological consequences of ALAN.
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The Interreg North Sea project DARKER SKY aims to mitigate light pollution and enhance
biodiversity in the North Sea Area. To pursue this objective, among other strategies,
municipalities and ports are equipped with-design methodologles to develop inretiwe
approaches for reducing light pollution. At the pilc /

sites in Hamburg, Germany, a series of participatc
workshops were conducted to engage loc
stakeholders in the planning process utilizexgended
reality (XR}echnologies. Our workshop methotbgy
recognizes that stakeholders extend beyond humg
participants to include themore-than-humar? world.
We aim to develop a relational framework tha
surpasses dualistic notions, such
human/environment and  nature/culture,
conceptualizing humans agarticipants within a
broader ecosystem. This approach sharply contra Fig. 1: The pilot site as a metfean-
with the prevailing practices in contemporary lightir human space
planning, which focus on a humaentered approach  Imagecredit: Anna Carena Mosler
that emphasizes human requirements.

The humarcentered perspective is rooted the following assumptions:

1. Human exceptionalism paradigm (humans are superior to all other species)
2. Human/nature dichotomy (humans are distinct from and independently of the natural
environment)
These beliefs conceptualize humans as "users" of an@mnwient intended as a resource to
meet human needs. The consequences are extensive and result in environmental destruction,
including the consequent loss of biodiversity and climate change.

Nocturnal environments are also substantially destructed by anthceptric behavior such

as artificial light at night (ALAN). The extensive use of ALAN is largely driven by the objective
of enhancing perceived personal safety. In Western cultural contexts, light is typically
perceived as a symbol of safety and positiwipereas darkness is associated with danger and

22 In his book "The Spell of the Sensuous: Perception and Language in a More-than-human World,"
Abram (1996) introduced the notion of more-than-human. More-than-human design is an
interdisciplinary field that critiques the traditional human-centered design paradigm by extending the
scope of consideration beyond human beings (e.g., Akama et al., 2020).
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negativity. The concept of dualism is reflected in the portrayal of light and darkness as

2L aAYy3a SyiAdASad |1 26SOSNE Ay | QlGdzr £ SELISNJ
occurrence. Inreali2 Yy SQa LISNOSLIiA2y akKdzidf Sa o0SG46SSy S
Ad aAlGdzZ SR LI NIAIFE FYyR NBflFIGA2YyIf ®dé o6az2NNR

This contribution explores the conceptualization of urban darkness as a space for relational
dynamicsby drawing on conceptfrom the enactive approach to cognitive science. The
enactive approach posits that cognition emerges dynamically through interactions with the
environment. The relationship between organisms and their environments is characterized by
mutual dependence, im manner that transcends a dualistic subject/object framework (e.g.,
Varela et al., 1991; Di Paolo et al., 2018; Thompson, 2007).

We propose that conceptualizing darkness through an enactive framework allows for the
understanding of darkness not as an abee of light, but as an environment in itself.
Consequently, this perspective enables the recognition of the intrinsic value of darkness and
the necessity of its preservation.
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Introduction

Light pollution is known to disrugcosystems, affect human health, and obscure our view of
celestial objects. This phenomenon primarily results from poorly designed lighting fixtures,
over-illumination, and the widespread use of artificial lights in urban areas. At the global scale,
light pollution has been increasing by approximately 10% per year since 2011 (Kyba et al.,
2023). A large part of public lighting could be optimized in order to save energy and public
funds, and to reduce greenhouse gas emissions and light pollution. Nevegheldsan
planners often lack of knowledge regarding the possible location and measures to implement.

The ORENOS project (Orientationngghttime lighting renovation bysatellite observation)
aims to develop an artificial light at night (ALAN) qualityaattir using satellite imagery over
the Frenchdepartmens of HauteSavoie and Mainet-Loire This indicator will enable local
decisionmakers to prioritize actions for public lighting adaptation, renovation, or extinction,
with the goal of promoting morefficient, betteradapted lighting with a lower impact on
biodiversity.

To develop the ALAN quality indicator, nighttime radiance measurement and modeling will be
compared. High resolution nighttime radiance measurement from the SDGSAfEllite will

be considered. In parallel, a model of expected radiance will be created based on local and
national land cover datasets, and in situ and satellite measurements of albedo. The
discrepancies could indicate possible adjustments of public lighting. It vdbte with a close

look at the ground optical properties and its impact on the light reflection. A second indicator
will be computed to assess the impact of ALAN on biodiversity, considering local and national
databases of wildlife location.

The ORENOS peot is funded by the Space for Climate Observatory
(https:/lwww.spaceclimateobservatory.org/fr/orenos) and led by Cerema, LaTeleScop and
the HauteSavoie energy union (Syane). The project started at the end of 2024 and will last 18
months.

Methods

The refectivity of a surface, called albedo, represent a significant influencing factor of
radiance observed through satellite imagery. Indeed, at constant lighting levels, various
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radiance values can be observed from the sky depending on surface albedo. Holeeve
scientific studies aimed at modeling light pollution consider the influence of albedo.

Over the cities of Annecy and Angeriaeslo measurements obtained from daytime satellite
imagery at 10 meters resolution (Sentirl will be compared with fleldneasurements of
albedo, using a reference albedometer. The studyfagilis S

on albedo variations depending on surface types, and !
be used as an input for expected radiance simulations
second methodology will be developed for estimatin
albedo using very high resolution (1.50 meters) daytit
satellite data from SPQG satellite.

The resulting albedo will then be used to model tt
expected nighttime radiance over Hau8avoie, using the
local public lighting database and the road type databas
The masking of light by vegetation could also be model
using Copernicus (High Resolution Layers, Corinne |
Cover, Street tree Layer, etc.) or national datasets (OCS e ' =
CoSIA, BD TOPO, etc.) froime tnational geographic 9- 1+ Sentinek albedo over the
institute (IGN). city of Angers.

Finally, ALAN modeling will be compared with high resolution (10 meters) nighttime radiance
measurement from SDGSATGLI satellite data, provided by the CBAS (International Research
Center of Big Data for Sustainalibevelopment Goals, China). The differences resulting from
the comparison will indicate whether groups of lighting meets standards, has malfunctions, is
overlit, or if the road surface is unsuitable.

Supplementary indicators, regarding the expected latyyppe and the level of impact on
biodiversity, will also be computed based on seasonal SGD8#&httime data and local and
national databases of wildlife location.

Conclusions

The confrontation of nighttime SDGSATatellite data with modeled radiance tdacould
enable to detect maladjusted public lighting and to help local decisiakers to prioritize
actions for public lighting adaptation, including more efficient and directed lighting. This
project is developed over two French cities, but could bdicaped to other areas. At the
global scale, these actions would have a significant impact on energy saving and biodiversity
preservation.
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Introduction

Energy requirements markedly increase during infection or tissue itguejfectively supply

the immune defence mechanisms, which involve energetically costly processes. Therefore,
energy balance must be tightly regulated to redistribute the energy and nutrients between
the activated immune system and other vital body funosoThis is associated with metabolic
adaptations that occur at both the cellular and systemic levels (Lercher et al. 2020). For
example, the acute inflammatory response is characterised by a metabolic switch from
glucose to lipid oxidation and sicknessngpyoms, including anorectic behaviour, lethargy and
locomotor inactivity.

Research studies have shown that many metabolic and immune parameters exhibit daily
rhythms that are controlled by the circadian clock and synchronised with external
environmental cgles, primarily the light/dark (L/D) cycle. Artificial light at night (ALAN)
directly disturbs the natural L/D cycles, under which all life has evolved, compromising
information for the circadian clock. Indeed, in our studies in rats, we found that arsaxpo

to dim ALAN of 2 Ix profoundly suppressed the daily rhythms of clock andadatiolled
genes in the central oscillator in the hypothalamus (Okuliarova et al. 2022) and impaired the
daily rhythms of several endocrine, metabolic, behavioural (Olavaet al. 2022; Rumanova

et al. 2022) and immune parameters (Okuliarova et al. 2021; Jerigova et al. 2023). In addition,
we have shown chronodisruption of the acute inflammatory response after ALAN exposure
(Jerigova et al. 2023), pointing out a potentiedplanatory mechanism, why disruption of
circadian rhythms is a recognised risk factor for several lifestyle diseases. To further
understand a link between ALAN and immune dysfunction, here, we focused on the metabolic
response and changes of energetictaimlism during inflammation and whether they are
dependent on the timing of immune stimulation.

Methods

In our experiments, we exposed adult male Wistar rats either to the L/D (12:12 h) regime with
0 Ix during the night or to the ALAN regime with dinhii¢-2 Ix) throughout the night. To elicit

the acute inflammatory response, the rats were injected i.p. with lipopolysaccharide (LPS)
either during the day (passive phase) or during the night (active phase). In experiment 1, rats
were monitored in the metholic cages (Panlab, Spain) to obtain data for locomotor activity,
food and water intake, respiratory exchange ratio (RER) and energy expenditure (EE). Data
were averaged in -hour intervals. Moreover, to monitor the daily rhythms of body
temperature (BT)and febrile response after LPS stimulation, animals were implanted
subcutaneously with temperature loggers. In experiment 2, rats were sacrificed 3 h after
stimulation to collect plasma, liver and adipose tissue samples for gene expression analysis.
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Resuls

The daily rhythm of BT was attenuated after 2 weeks on the ALAN regime, as shown by the
reduced night/day difference. After 3 weeks of ALAN, we observed the recovery of the
night/day difference, but daytime BT remained elevated compared to the LD regihee.
response of BT to LPS had a typical pattern with initial hypothermia followed by pronounced
hyperthermia, especially during the light phase. Interestingly, the hypothermic response was
absent on the ALAN regime, regardless of the time of day thenats challenged with LPS.

Next, LPS stimulation reduced RER and EE, in parallel with a reduction in locomotor activity.
The RER is calculated as the ratio ot @@duced to Q@ consumed and illustrates the
transition from carbohydrate to lipid utilisation. In the ALAN regime, daytime LPS challenge
induced a lower RER response, indicating an impaired ability to switch to lipid metabolism
during acute inflammation. These data oneggetic metabolism were in line with molecular
analysis of immune and metabolic pathways in the liver and adipose tissue. Interestingly,
ALAN reduced fatty acid mobilisation after daytime LPS injection, particularly compromising
the capacity to maintainA&Ametabolic adaptations during inflammation. This is consistent with
our previous results, reporting that dim ALAN attenuated the anorectic response to endotoxin
when rats were challenged during their early light phase (Jerigova et al. 2023).

Conclusions

Together, our results demonstrate important links between the circadian control of the
inflammatory response and metabolism. Exposure to dim ALAN impaired energy balance and
lipid metabolic adaptations during acute inflammation, which may cause immuneragin

and limit immune defence mechanisms.

Study was supported by the Slovak Research and Development Agency2 AB228 and
VEGA 1/0565/22.
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Introduction

The transition from traditional artificial lighting at night
(ALAN) technologies to ligleimitting diode (LED) street
lighting is occurring on a global scale due to benefits su
as increased energy efficiency and eeBectiveness.
However, the impact othis shift on nocturnal wildlife,

particularly bats, remains understudied. Certain ba = G
species react differently to the presence of ALAN wit
some exhibiting avoidant behaviour while others ar¢
generally considered more tolerant of ALAN (Mathews ¢
al.,, 215). Some bat species even use ALAN to th¢
advantage for foraging (Stone et al., 2012).

Fig. 1: Map of transects chosen for
Current lighting guidelines recommend the use of L spatial analysis.

lighting under the assumption that it has reduced effects

on bats compared to older lighting technologies (ltusé of Lighting Professionals, 2023). This
dddzRe dziAf AT Sa REFEGE FNRY . I (-bade@ hatirSoNddringi A 2 y L
scheme to investigate whether LED streetlights influence bat activity to the same degree as
non-LED lighting, with a padillar focus on more lighHblerant bat species.

Methods

Data was collected across Ireland using a network of 420 transects, each surveyed twice per
year from 2020 to 2023. Bat activity was recorded usingsfudictrum detectors and analysed
using spatialnd statistical modelling techniques. Streetlights were categorized into LED and
non-LED types. Generalized Linear Mixed Modelling (GLMM) was employed to assess
differences in bat activity relative to lighting type and other temporal and environmental
factors. A subset of transects was chosen to carry out spatial analysis on clustering patterns
of bat activity around light sources (Fig. 1).

Results

GLMM analysis revealed thafyctalus leisleriexhibited increased activity along LD
transects compared toon-LED and unlit transects (estimate = 1:8atue = 5.617, p < 0.05).
Pipistrellus pipistrellugnd Pipistrellus pygmaeushowed no significant relationship with
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lighting type, suggesting varied responses across species. Spatial analysis indicabed that
activity was clustered around both LED and #h&D streetlights, supporting the hypothesis
that increased insect prey attraction near ALAN influences bat foraging behaviour irrespective
of lighting type (Voigt & Kingston, 2016).

Conclusions

These finthgs challenge the prevailing assumption that the use of LED lighting as opposed to
other lighting technologies mitigates the ecological impact of ALAN on bats. Instead, LED
luminaires may exert similar or even greater influences on bat activity comparteaditional

lighting technologies. Conservation strategies should prioritize spepesific mitigation
measures, such as reducetensity lighting and adaptive lighting schemes, to minimize
negative effects on bat populations (Kerbiriou et al., 2026im et al., 2024). Further research

is needed to explore the spectral composition of LED lighting and its ecological consequences
on nocturnal species such as bats, and their invertebrate prey.
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Introduction

In Belgium there is a yearly Night of Darkness si
1996. Local governments and private

Organisationsswitch off a part or all their outdoor
lighting. At the same time there are many loc
activities organised like star gazing, nightly nat
gfl1ax GSttAy3a aili2NRSa
Events where the public can experience differe
aspects of the nighdnd enjoy darkness. Every year
lot of local and regional organizations a
participating. They host between 15000 and 250
visitors at the local events en let them experience t
beauty of the night. The members of al those log
organizations and thosevisitors, and also the

diversity of those organizations increase seriously t N Ac H I

critical mass of concern about light pollution wh@¥/:{, l»] 3

makes the subject getting on the agenda and ma DUISTERN Is

that politicians can not neglect anymore the topic.

In Europe there are seval countries with a legislation on light pollution that does not seems

to work, there are also countries that have lack of good legislation but good awareness where
more positive changes are on light pollution and last but not least countries with dgoeel
legislation and awareness. Legislation without awareness usually remains a dead letter
because it is not supported enough and you have never enough man power to control the
legislation. When there is awareness there is a need of a good guidehfindign a proper

way and legislation can be that guide. So awareness supports legislation and legislation
supports the impact of awareness.

Purpose

Light pollution is in most countries seen as an environmental and ecological issue. In most
countries theégislation about these subjects is just limited to what the EU obligates the states
to do. That means that in those countries there will come changes to light pollution policy only
when there is an EU policy.

The EU mentions light pollution as an importésgue for the declination of biodiversity, but
did not work out yet a clear policy to tackle that.
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To get that changed it is important to show European politicians there is a broad awareness
and support on reducing light and light pollution by a wide e different organizations
and a broad part of the public.

Because of that it would be powerful to have a month of activities throughout Europiesi
context of light pollutionthat can be visited by the publ@rranged not only by astronomical
asso@tions but also nature and cultural associatioerie increase in that way our European
critical massIn several European countries, activities are already beingameldnost of them

are currently happening in the month of Octobé&ie would like to calbn these other
organizations across Europe to also organize activities in their countries to highlight light
pollution and bring them together under one European umbrella.

Plan for the future

In the Flemish, Walloon and North France region there ealstgmdy an awareness campaign

on the second Saturday of Octob&/e have submitted an INTERREG microproject to set up

a first collaboration between these partners and to share our experience. The feedback and
knowledge gained from this can be used afteptyears to roll out the collaboration across

Europe. The project should be granted before the ALAN conference. When the project is not
granted we still want to share information between these three regions, but the possibilities

to dowillbe lessthenwhé G KS LINRP2SOG Aa 3INIYGSR® LGQA ai
experience to result in a European event over the next years.

The Interreg partners are ASCEN and Leve(n)de Nacht / Living Night in Belgium and ANPCEN in France.
The project should run for 18 months and will be called NHEHAN,Network Initiatives Generating
a Halt to Excessivelight at Night.

References:
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Introduction

Coastal ecosystems are strongly exposed to AWAN 1.6 million kni of the coastal seas

affected by this phenomenon at 4 depth(Smyth et al., 2021)The importance of studying

[ ! bQa STFSOGa 2y O2Fadlft 2NBAIl yMadngoni ea., & 0SS
2022) The Pacificoyste®. gigah & (G KS 62 NX RQa Yz2aid 3If2o0lfAl SR
coastal environments. Introduced from East Asia to over 50 countries for aquaculturé.wild
gigashas colonized these new environments andfien considered as an invasive species

(King et &, 2021) On the opposite, its European native conge@eeduligsthreatened with

extinction (Pogoda et al., 2020)\s sessile bivalve mollusks, oyster species are likely exposed

to ALAN, which is suspected to digtuheir daily, lunar, and annual rhythms, synchronized

with the natural cycles of the suand moonlight(Payton and Tran, 2019; Tran et al., 2020)

w

We showed in previous studies under laboratepntrolled conditions thathe C. giga® R A f &
rhythm is disrupted by ALAN starting from of 0.1 (Bwtté et al.2023a) This impact has also

been shown to be wavelengtttependent and worsens when applying the parght lighting
mitigation strategy when the skyglow is maintain@btté et al., 2023b, 2023cfinally, we
showed an impact on the daily shell growth and a gill microbiota dysbiosis, both directly
correlated with the daily rhythm robustness decrease (Botté esabmitted.

TogoF dzNII KSNE ¢S KIF @S Ay@SadA3araSR '[! bQa AYLN
performed a oneyear field study under sentiontrolled conditions mimicking skyglow just

above the maximum moonlight intensity. We recorded throughout the year the effesLAN

2y Ot @3S 0SKIFI@GA2dzNE aKSff ANRPSGKI RNE gSAIAK(
behavioural rhythms and growth were compared betwd&angigasand O. edulis

Methods

Battery  Transmission

Solar panel boxes

The study was performedt the
Gleaux oiseaug A Ltk 44 R°;
Long.-1.18°)the emerged site the
least affected by ALAN in Arcachg
Bay (France)from Dec. 2023 to
Nov. 2024. The experimenta
platform  consisted of two [ N T i8n
equipped oyster tables separated ;
from each other by 18 meters,
linked by underwater wires of
power supply and transmission
data to an emerging technica!
platform (Figure 1).The control Figure 1: Experimental setup.

ALAN 2025

TECHNICALPLATFORM

CTDS
Sensors

sensors

Oyster bags
(x12) /

Light sensor Valvometers

Hydrophone Hydrophone

Oyster bags /
(x12)

Valvometers

Light sensor




164

table was exposed to natural conditions, while the second table was exposed to a continuous
low ALAN intensity (10® pE/cnt/s; 0.5 Ix) using submersible LED#is semtontrolled
experience allowed all oysters to be exposed to the same environmental conditions, except light
intensity at night, in terms of physiaghemical, climatic, and biological conditions, to avoid
multifactonal effects.For each table, the valve activity of @6 gigasand 160. eduliswas
continuously recorded using HFNI valvometers (Tran et al., 2020). Furthermore, 12 bags of 16
C. gigaswere placed on each table and sampled monthly for biometric measuré&(giny
weight, Marteil index) and molecular analyses (siq@e gPCR, RNA sequencingpt
presented herg Highaccuracy physicochemical sensors were also installed, recording
underwater realtime and highfrequency, light irradiance, temperature, wat@vkl, salinity,
turbidity, conductivity, and noise.

Conclusions

This study, part of the ANR LUCIOLE prdjaght pollution impacts on organisms living in
coastal environmenjs constitutes an innovative loAgrm field approach of ALAN impacts on
coastal invertebrate species. Results show that ALAN, in a skyglow range intensity, impacts
the physiology of both oyster species. ALAN strongly increases shell growth, with an earlie
growth peak at the annual scale. An annual advance of phase is also observed in the gonadal
development ofC. giga® CdzNI KSNY2NBZ '[! bQ&a AYLI OGa 2y
biological rhythms studied (daily, tidal, lunar and annual) are analyzedbdth species.
Overall,O. edulisis more impacted tharC. gigas suggesting an highest sensitivity of the
European native oyster to ALAN. These findings echd&thgigascurrent expansion on the
coastlines, on contrary t®. eduliswhich struggles to ratroduce, highlighting that ALAN
should be considered as a relevant parameter potentially affecting nearshore native oyster
restoration measures.
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To keep dark sky places dark, automatic night sky monitoring is of utmost importance, to
understand the sources of ALAd their increase. In the INTERREG North Sea KID (Keep it
Dark) project we have developed a night sky monitoring system in the Waddensea, a World
Heritage Area, consisting of a network of 40 SQMs and about 10 DSLRs, placed in a number of
Dark Sky areaand some brighter places. In the subsequent INTERREG Darker Sky project we
are using this network for monitoring the night sky.

An analysis of the SQM brightness in 27 locations in the Netherlands and Northern Germany
reveals that in the darkest areas,Htgoollution is increasing at a rate of43percent per year.
Contrary to data from the SUOMIIRS satellite, seasonal effects can be seen. In bright areas
the analysis of SQMs is much more difficult, since large variations are seen, as a result of
artificial light sources. The results have been submitted for publication (Shah et al. 2025). Here
DSLRs provide much more useful information.

In this presentation, we discuss some results obtained with our system of Wide Angle DSLR
I'FYSNI Qad ¢KSe{QO2@axaBY2FyRAB2 a2ty NE YR &
for which we developed the software ourselves. We discuss monitoring in the harbor of
Lauwersoog, one of the pilot harbours in the Darker Sky project, in which we are working with

the local stak holders to reduce light pollution. We also discuss the results from analyzing the
colors of the light. The introduction of LED light has caused bluing in many places, with its
negative effects for biodiversity. We end discussing the advantages of ian§ O YSNJ Qa
the darker places, as opposed to SQMs.

The system of DSLRs produces images that are available to the pulatie.dWe will discuss
the system, and the efforts required for maintaining it.
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Introduction

Annual plants have high adaptipetential and their distribution is predicted to be higher and
higher in certain areas on Earth (Poppenwimer et al. 2023). $iked vascular plant species

like chamomile can be model organisms for testing the wide plasticity in responses to ALAN
effects Chamomile has a wide distribution range and it occurs naturally also it is cultivated in
several countries (Chauhan et al. 2022). The main question of the experiments made in the
laboratory, in the greenhouse, and botanical garden was simple: are flogvehamomile
individuals different in dry phytomass values and flower numbers after a short light treatment
effect in their germination period?

Methods

Experiments were carried out at the Department of
Botany and Plant Physiology in 2 Memmert climate
chambers (2950K warm, 6550K cold light spectrum)
Fd mMys/ YR Hme/ F2NJ n 8SS|
cycle was applied to the control popuiah and
constant lighting was used in both the warm and cold
light chambers. The method of germination
experiments was unique but successful: seeds were
| > ‘ placed into glass tubes filled with distilled water and
Fig. 1. Chamoile Séedlings and seec NO nutrients were added to the tubes during theht

distilled water during the experiment €Xperiments (Fig. 1). After 4 weeks the plant

Photo: ErikdPénzesné Konya individuals were planted into soil in the greenhouse
of EKCU. The rogrreen shoot rate of the individual

seedlings was measured under a stereo microscope at the Department of Botany and Plant
Physiolog of EKCU and dry phytomass was measured separately for roots, shoots, leaves, and
flowers. The samples were collected from the chamomile cultivation grown in the Botanical
Garden of EKCU.

Conclusions

The results indicate that the short light treatmentgrsificantly affect individuals throughout
their entire life cycle, which is a novel finding for this plant species. The seedlings from the
two light treatments, utilizing cold and warm LED light sources, exhibit healthy growth with
distinct morphologicaldatures; however, all populations can produce viable seeds.
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Introduction

In 2025, Uruguay launched its first Research Group for Light Pollution Stwd@eneering
initiative in theGlobal South. Backed by Universidad de la Republica (Udelar), the group links
researchers, institutions, and communities to address artificial light at night (ALAN) through
science, education, and public policy. This work responds to growing concern hwver t
environmental, cultural, and health impacts of light pollution.

Here we outline the group's integrated approach to ALAN mitigation, structured around: (1)
ecological and night sky research, (2) community engagement and education, and (3) policy
collabomtion.

Methods
(1) Ecological and Night Sky Impact Research
-l YIFadSNna GKSaAa Aa FaaSaaAiy3a !'[!b STFFSO
using satellite data and network theory.

- A longterm monitoring program assesses the impact of laDsitions on night sky
brightness, combining fixed SQM measurements in Montevideo (in collaboration with
the Technical Unit of Public Lighting) and protected areas in Uruguay such as Amba,
Laguna Garzon, and Paso Centurion.

- Biodiversity surveys includensect sampling (glue and box traps) and acoustic
monitoring to evaluate nocturnal activity under different lighting conditions.

(2) Community Engagement and Education

ALAN 2025



169

- Workshops, talks, and technical advice are delivered to communities and authorities
in Raha, Canelones, and Maldonado.

-1l LI NIAOALI G2NEB LINRPOS&da Aa |ROFyOAy3a (GKS
Sky Park.

- Educational actions include courses and integration of light pollution content into
university programs.

(3) Policy and Institutimal Collaboration

- Thegroupis c®RS@PSt 2LIAYy 3 ! NUZAdzZ Q& FANBOG NBIdzZ |
governments of Rocha and Montevideo.

- Continuous dialogue with decisianakers promotes the inclusion of ALAN in local
environmental agendas.

- Work with neidnbors, private actors, and authorities helps quantify lighting changes
and demonstrate measurable improvements in night sky quality.

Conclusions

This interdisciplinary research initiative demonstrates how ALAN can be addressed through
sciencebased actionand collaborative governance. The group provides data, tools, and
guidance to support evideneaformed decisions for light pollution mitigation. As a model
rooted in the Global South, it helps protect the night as a shared ecological and cultural
resour@t while also drawing on the expertise of international collaborators and researchers
from other world regions.
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Introduction

Although artificial light at night (ALAN) is no#cognized for its significant ecological, health,

and cultural impacts, its measurement and monitoring remain challenginigt alone its
governance in territories concerned with nocturnal preservation. Syecae observations

have proven useful for mapg largescale patterns (Falchi et al., 2016; Levin et al., 2020), but
they fall short in capturing the firgrained spatiotemporal dynamics of ALAN. Grobaded
approaches have emerged as a complement, involving both professional and-sttizene
networks (Duriscoe et al., 2007; Hanel et al., 2018). Yet, most rely on sparse infrastroctures
SQMs or alsky camerag limiting their spatial resolution and temporal continuity (Jechow

et al., 2019; Kollath & Démény, 2020). In contrast, dense networkhatometric sensors
represent a transformative approach, offering hifyjequency, higkresolution data at
unprecedented spatial scales. Such arrays detect lighting variations across minutes to years,
enabling both shortand longterm assessments (Solanarhphar & Kocifaj, 2013; Bara et al.,
2019), while also enhancing skyglow and radiative transfer modeling (Pun et al., 2021; Ribas
et al., 2022). Critically, they support fiseale evaluation of lighting policies such as LED
transitions or dimming reguteonst by tracking their effects on sky brightness (Héanel et al.,
2021). These systems also enable meamtinuous monitoring of ALAN changes with
atmospheric conditions including aerosols and cloud cover (Jechow & Hdolker, 2019; Aubé et
al., 2020), and Hp validate satellitederived products (Levin et al., 2020; Li et al., 2022) while
informing ecological and health impact assessments.

Methods

In this contribution, we present higresolution datasets from two dense TE®Ssensor

networks deployed for longerm ALAN monitoring in: (1) Réunion Island, a French territory in

the Indian Ocean with volcanic terrain, high biodiversity, and a rapidly urbanizing coast; and
OHO GKS . NASNB NBIA2YI | gSGEFYR yYSIENI CNIyoOS
and sensitive nocturnal ecosystems. These networks provide continuous,-y@aiti
measurements of nighsky brightness at fine spatial (~km) and temporal (~minute) scales.
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Conclusions

We describe the network architecture, calibration procedures, data processing pipeline, and
access details. By making these higholution ALAN datasets openly available, this work
enhances our ability to monitor light pollution and evaluate the effectags of mitigation

strategies. Designed as part of thed & SN 1 2 ANS RS  QF tfiedFkeNdBY Y SY S
National Centre for Scientific Research (CNRS), these datasets offer a robust empirical
foundation for investigating the multifaceted dynamicslight pollution across ecological,
atmospheric, sociocultural, and territorial contexts. They also contribute to public
engagement and educational initiatives, fostering broader awareness and collective action
toward preserving the nocturnal environment.

Fig.1: Maps of the TESBnetworks currently deployed in La Réun{teft) and in La Briéréight)
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Introduction

Artificial Light at Night (ALAN) is an important field of study with increasing attention from the
academic and policy sectors (Davies and Smyth 2017), especially its impacts in the marine
environment (e.g. Candolin 2024, Stanton and Cowart 2024). Aswearstanding of marine

L[ !'b AYLI OGa NrRaSax O2yOSNya yR LRISYGAlftfe
national law on lighting, EU Horizon funding for light pollution research. An area less studied
Ada az20ASGeQa 1y 2 oritieRdAstenck ¢gf RLANIJSoNID0E hid ksPpgtential?
impacts.

Most studies on societal ALAN impacts have focused on human health or on terrestrial
ecosystems and species (e.g. La Sorte et al. 2022, Hansen 2017). This study aims to assess
a2 OA S & Qaand|pgréeptionS & marine ALAN and their willingness to support (or not)

the implementation of different mitigation measures (e.g. light colour change, lower post
heights, reduced light intensity). Our results will help guide implementatiorsaaially
acceptable ALAN mitigation measures and highlight possible societal resistance.

Methods

Two coastal cities, Valparaiso and Vina del Mar, with some of the highest levels of ALAN in
Chile were selected as case study sites. A Chilean recruitment compaieyl cart a total of

100 pilot surveys and 754 finakperson household surveys in 2022. Surveys were done along
transects radiating from the coast inland. The survey was designed to gather data on ocean
connectedness, knowledge of ALAN, perceived human raadne life impacts of ALAN,
exposure to ALAN problems, willingness to support different ALAN mitigation measures,
management of ALAN, and sociodemographic information. Data was analysed using
exploratory statistics to determine trends and multinomiajikiic regressions to understand
concern for ALAN and support for mitigation measures.
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Fig 1. Example 1 of urban beach ALAN Fig 2. Example 2 of urban beach ALAN in Chile in
Chile (photo credit: A. Edward®nes) (photo credit: A. Edwarddones)
Conclusions

The study found extremely low awareness of marine ALAN pollution. The main benefits of
ALAN were perceived personal safety, safer movement/transport, and property security. The
main negative effects of ALAN were traffic accidents and loss of starry k. Aitigation
measures had different levels of support, with the most support for reducing light intensity in
protected areas, installing lights with movement sensors and reducing light glare (between
58-70%). While reducing light post height, changingtesta yellow lights and turning off lights

had the least support (282%).

Further, concern for coastaharine ALAN pollution was found to be higher for office workers,
with a strong ocean connectedness index, perceiving importance of marine ALAN ianudhcts
those that have experienced a problem with ALAN near their home. There was less support
for ALAN mitigation measures from women, those in mid to high socioeconomic status, non
professionals and those perceiving more negative impacts from ALAN.

There isa large part of society that has low awareness of ALAN, especially regarding the
marine environment. This leads to a low concern for marine ALAN and its impacts. Thus, ALAN
mitigation measures with high social acceptance need to be prioritised, but theyg o
consider the perceived/actual feeling of safety by women and create greater awareness of
ALAN impacts.
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Introduction

Urban sprawl is bringing cities closer to natural areas, leading to challenges like light
and noise pollution. These types of anthropogenic pollution are common in areas with
human presence and significantly affect both wildlife and human-baitig. While
artificial light improves security and modernity, it disrupts the natural nightscape,
harming biodiversity and human health. Similarly, noise pollution, especially from
urbanization and traffic, disturbs wildlife behavior and causes environmental stress.
Although the combined effects of light and noise pollution are not fully understood,
both can occur together, varying in intensity. Preserving natural light and sound is
vital for effective conservation, particularly in protected areas. This project aams t
evaluate strategies to reduce light and noise pollution in Parc du Mont Bellevue,
Canada's inaugural certified Urban Night Sky Place by Dark Sky. Through collaboration
between college and university students, the project uses brightness and noise maps
to define a dark and silent reserve for loteym conservation planning. It also
encourages citizen participation in data collection.

Methods

The light and sound environments around the park were mostly mapped using two
devices mounted on vehicles or bicycles: a multispectral and multidirectional
brightness sensor (LAN3) and a sound level meter (SLM) (fig). llmngterm and
fixed-point light and noise measurements were conducted to develop the mobile
measurement protocol (fig. 1a). Wind tunnel measurements in an anechoic chamber
were also used to determine the effect of travel speed on measured noise levels,

Figurel: A.Fixedpointlightandnoisemeasurement
systemat SIREN@nterdisciplinary Research Site on
Outdoor Environment)jn the parc duMont-Bellevue B.
Installationof aLAN3 and anSLdhthe roof of acarfor a
validation campaign - C. Installation of a LANcube and an SLN
on a mechanically-decoupled poleattherearofabike
(credit@JRoby).
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