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Abstract. We present an example of low-carbon research activity carried out by astrophysicists and focused
on ecology and environmental protection, with direct impacts on territories and society. This project serves
as an illustration of action research for an astrophysics lab in the context of the current ecological crisis.
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1 Introduction

1.1 Context: astronomy in the current bioclimatic crisis

The combined crisis of climate change and biodiversity loss represent major risks for our societies and the Earth’s
habitability. The responsibility of human activity is indisputable, as stated in the sixth assessment Report of
the United Nations Intergovernmental Panel on Climate Change. To respect the 2015 Paris Agreement and
reach carbon neutrality by 2050, it is necessary today to cut emissions of greenhouse gases by 7% per year.
Astronomers have a large carbon footprint evaluated to 36.6+14.0 tCOgeq per year per astronomer (Knodlseder
et al.|2022), which place them among the largest emitters of the scientific community together with particle
physics (Knodlseder et al. [2024), while the path to carbon neutrality targets emissions limited to 2 tCOseq
per year per person by 2050. As scientists studying the habitability of other planets or the apparition of life,
astronomers have an ethical responsibility to preserve our own planet. In order to raise awareness and be
credible with the public, astronomers must be beyond reproach when it comes to their environmental footprint
(see the INSU 2025-2030 prospective studies on carbon footprint and tmnsitio and to the social impact of the
observatories in the territories where they are built (see the INSU 2025-2030 prospective studies on telescope
and territories, citizen scienceﬂ). While some astronomers stopped flying, others decided to use only archival
data to avoid the race for larger and larger telescopes in space or on the ground. We explore here an alternative
way, to branch out into the topic of light pollution, in an attempt to bridge the knowledge-action gap, that
is, this huge disproportionality between how much astronomers know and how little they engage, as brilliantly
explained in |Dupont et al.| (2024).

1.2 Artificial light at night

Artificial light at night (hereafter ALAN) is one of the causes of biodiversity loss, alongside soil artificialisation
and pesticides (e.g. |[Bennie et al.|[2018; [Sordello et al.|2022, for reviews). It is steadily increasing worldwide,
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with both a rise in sky brightness in affected areas and an increase in impacted surfaces, estimated between
2% and 10% per year (Kyba et al.| 2017, [2023). Astrophysicists were the first to sound the alarm in the late
1950s when major professional observatories were affected, followed by amateur astronomers advocating for the
preservation of the sky and its cultural heritage. Flagstaff, Arizona was the first city to pass laws limiting
the use of ALAN, and the International Astronomy Union gathered in Grenoble in 1976 for its XVI*" general
assembly recognized “the increasing levels of interference with astronomical observation resulting from artificial
llumination of the night sky” and urgently prompted “the responsible civil authorities to take action to preserve
existing and planned observatories from such interferences”. Today, we refer to the preservation of the night
environment to encompass more globally the whole night-time ecosystem.

2 The transdisciplinary project of an observatory of the night environment

2.1 Birth of the project

Since 2014, astronomers from the the Institut de Planétologie et d’Astrophysique de Grenoble (IPAG) have been
raising awareness on the issue of light pollution during the Jour de la Nuit, an event ﬂ particularly observed in
the Grenoble metropolitan area, where public lighting is partially turned off between 9pm and 11pm during onen
night. Since 2021, we installed sensors on the roof of the Observatoire des Sciences de I’Univers de Grenoble
(OSUG, the federation of institutes including IPAG), see Fig. |1, to measure light pollution locally, using the
calibrated instrument NINOX, a photometer built by DarkSkyLab ﬁ The goal was to directly measure the
decrease in night sky brightness during the light extinction. We soon realised that the all-sky camera FRIPON
(Colas et al.| (2020) - Fireball Recovery and InterPlanetary Observation Networkﬂb also installed on the same
roof and delivering data since 2016, could be used to reanalyse archival images stored every 10min to extract the
history of light pollution. Following this work, we established collaborations with the Ligue de Protection des
Oiseauz (LPO) to measure the impact of lighting on birds on the University Grenoble Alpes (UGA) campus,
which was designated an LPO refugem since 2023, as well as at a site in downtown Grenoble. These actions
allowed us to document the consequences of lighting choices in the Grenoble metropolitan area, interact with
municipalities, and raise awareness among individuals about the impact of public and private lighting.
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Fig. 1. Left: The roof of OSUG equipped with the NINOX photometer, the FRIPON all-sky camera and two acoustic
recorders, one being at the focus of a 40cm 3D-printed parabola Right: Map of the Grenoble metropolitan area

tThe Jour de la Nuit, or Day of the Night, is a national event coordinated by the association Agir pour I’environnement

Snttps://www.darkskylab.com

Ihttps://www.fripon.org

ILPO refuges are spaces, often public parks and gardens, where the local authority is committed to biodiversity by creating
appropriate facilities (e.g. nestboxes... ), raising awareness or monitoring species.
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2.2  Project goals, methods and partners

The goal of the project is twofold. On the one hand, we want to extract the history of light pollution around
Grenoble using archival data from FRIPON, to study the evolution of the lighting practices in the Grenoble
metropolis. On the other hand, we want to study the impact of ALAN on ecosystems, particularly on migrating
birds, a topic still poorly known. We designed this project at the local level of the Grenoble metropolitan area,
but with the ambition to expand this pilot study to a regional or national level if successful. We sought support
among the academic world but also among associations and municipalities, involving for instance the Laboratoire
d’Ecologie Alpine (LECA, also part of OSUG), the associations LPO and AurorAlpes, the company DarkSkyLab
and the city council of several towns and the metropolis of Grenoble. We obtained funding from the LabEx
OSUG and from UGA and its program ”Sciences en transition”. FRIPON data have their own astrometric
and photometric calibration (Jeanne et al.2019), but is was important to compare them with Ninox data. To
calibrate photometrically the FRIPON camera, we used the 1.5 year contemporaneous measurements with the
NINOX photometer. We extracted from FRIPON images the median sky brightness in analog-to-digital-units
in a cone around zenith with a diameter of 20° (the full width at half-maximum of the field-of-view for the
Unihedron SQM-LU inside NINOX) and selected cloudless nights without moon to calibrate these values against
the night sky brightness measured by NINOX in mag/arcsec?(Boribon![2024)). To assess the impact of ALAN
on migrating birds, we o equipped the roof of OSUG already hosting NINOX and FRIPON with an acoustic
recorder monitoring nocturnal flight calls from birds from sunset to sun dawn. As some species can fly at
high altitudes, we designed a 40cm parabola pointing towards zenith, such that one of the two microphones of
the recorder is located at the focus of the parabola and receives amplified sounds from zenith, while the other
microphone captures ambient sounds isotropically. Several additional sites were later equipped (see Fig. [1).

3 Results and conclusions

3.1 Measurements of the night sky brightness at the OSUG site

The night sky brightness (NSB) as measured during cloudless and moonless astronomical nights decreased by
0.35 mag over 7 years, as shown in Fig. |2| (left), with a mean decrease of 4% per year. This trend and the
steeper decrease between 2022 and 2023 due to a wider practice of light extinction in the middle of the night,
is also observed based on satellite data from the VIIRS DNB instrument. During the ”Day of the night 2022”
where a light extinction was implemented by some municipalities from the Grenoble metropolis, a decrease in
NSB by 0.15 mag was observed (Fig. [2| right), corresponding to relative change by —15%. Even though only
some neighbourhoods and municipalities had agreed to switch off their public light on that day, this result
highlights that urban lighting is a minor contribution to the overall level of light pollution which is dominated
by some large private contributors such as industrial platforms, hospitals, hypermarket car parks, a conclusion
also reached by |[Kyba et al.[(2021)) for the city of Tucson, USA. When clouds are present, the level of NSB can
increase by several orders of magnitudes, as visible in Fig. The denser areas shown in blue on the left plot
indicate the typical NSB reached in the middle of the night in the absence of clouds and moons (see Deverchere
et al.[2022, for details), and corresponds to the peak of the histogram shown on the right at ~ 19.5 mag/arcsec?.
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Fig. 2. Left: History of night sky brightness from 2016 to 2023, as measured by FRIPON. Right: Comparison between
2 nights: 15th October 2022 when a light extinction happened and the following night with similar weather conditions
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3.2 Migration of nocturnal birds

This is still too early to bring any conclusions regarding the study on the impact of ALAN on the nocturnal
bird migration but we describe here the on-going work. A convolutional neural network, BirdNET, is used to
detect and identify bird calls. A manual screening is currently required to validate the initial results and correct
the algorithm inaccuracies. Given the difficulty of obtaining a number of individuals on the basis of sound
recordings alone, the number of calls will be used as a proxy for the number of individuals. We hope to assess
the daily and seasonal phenology, by species and compare that with the various environmental parameters (level
of NSB, but also weather conditions such as the cloud cover, wind, rainfall in the air column above the recorder
and on a larger scale in order to evaluate comparable days. The NSB will be the main parameter tested in order
to assess the translations of migratory activity. Two main types of translation will be investigated: vertical and
horizontal. Some species migrate at high altitude and could be attracted by the strong light sources of urban
halos, and therefore greatly reduce their flight altitude. Other species, which migrate at low altitude, could
change their horizontal flight path, which requires the deployment of a network of recorders around Grenoble and
at less well-lit sites in the surrounding Alps. Given the presence of a network of FRIPON cameras throughout
the region, a larger-scale deployment will be envisaged in order to obtain reliable data on horizontal translation,
independent of topography and other environmental conditions that could influence these movements.
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Fig. 3. NSB measured with NINOX for the OSUG site from April to September 2024. Left: Density plot combining
measurements on moonless nights. Right: Histogram of the measurements from the left plot excluding twilights.
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