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Planetary
Boundaries

Richardson et al. 2023 Science 
and references therein

Formal framework to 
asses the risk to leave 
Earth equilibrium.

Nine key areas 
identified and 
monitored.



https://www.planetaryhealthcheck.org/
https://www.stockholmresilience.org/research/planetary-boundaries.html

Ceballos et al. 2015 Science







Effects on living organisms
Almost all affected by light, about half 
night active. Examples:                   
Sanders et al. 2020 Nature

● Affects human sleep, mental 
health, obesity, breast cancer, 
Alzheimer, etc.                            
Wang et al. 2023 Env. Pollution, Luo et al. 2023 Front Pub Health, 
Voigt et al. 2024  Front Neurosci.

● Drives insects decline                
Owens et al. 2020  Biological Conservation

● Bird migration and building 
collisions                                      
Horton et al. 2023 Nature, Lao et al. 2020 Bio Cons

● Plant summer / winter cycle 
disrupted Wang et al. 2025 Nature
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Melatonin suppression

Grubisic et al. 2019 MDPI



Effects on Astronomy



Effects on Energy Consumption
Around 5-15% of electricity consumption for lighting.

For Germany, the lighting consumption is ≈50 TWh/yr, 
costing ≈10 billion €/yr (for 0.2 €/kWh).
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https://darkskylab.com



https://darkskylab.com



https://darkskylab.com/light-pollution-platform/

https://darkskylab.com/light-pollution-platform/


Artificial Light At Night
Molecules – Rayleigh scattering

Aerosols – Mie scattering
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Luminance and illuminance 

Kocifaj et al 2015

Luminance : brightness perceived by the human eye. Measured with a Sky 
Quality Monitor [cd m-2 ou mag arcsec-2].        
Illuminance : luminance integrated over a surface [lux].               



Model parameters
● Atmospheric density profile
● Aerosol type and content
● Height and coverage of clouds
● Light emission function               

(intensity, angle & spectra)
● Relief
e.g. Cinzano et al. 2012, Wallner & Kocifaj 2023
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Aerosols
Solids or liquids in the atmosphere, size of 0.01-10 µm. 

Density and composition vary strongly in space and time.

Aerosol optical depth (AOD) indicates the fraction of light from the 
ground that interacts with aerosols.
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Sand dust
NASA 2014

Osan, Korea
Norgen et al 2024

Di Antonio et al 2023
Aerosol concentration 
in Europe

Aerosol scattering 
mostly happens in the 

lower atmosphere  
(<2 km)
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Emission Function

Espey 2021

F

G

Garstang parametrization :

1) Horizontal light (F ~ θ4) 

2) Reflected light (G ~ cos(θ))

Garstang 1986

Radiance [a.u.]
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Diffusion Kernels

Simulated one VIIRS-DNB pixel with SkyGlow software Kocifaj 2011    
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Satellite Observations

Wang et al. 2024

NASAs/NOAs Suomi-NPP VIIRS images 
each point on Earth once per day and 
once per night since 2011.
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≈ 1000 km

≈ 
80

0 
km
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Otus 3.0
simulation
pipeline 
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2014



2024
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Emission
Ratio of near-nadir 
to off-nadir radiance 
varies → Two 
emission functions   
(G=0.15, F=0.05 &   
G=0.15, F=0.15) 

Atmosphere
Typical profile for 
mid-Europe  
(AOD=0.1)

Model
setup 

Preliminary
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Model Calibration

Deverchère et al. 2022

Unique database of zenith luminance measurements,
133 sites observed over many months each

Clear Sky Brightness (CSB)
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Fit galactic emission

Good agreement with a reduced chisquare of 1.09

Model Calibration
Preliminary

Preliminary
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Total
Zenith
Luminance 
Natural sky
≈0.2 mcd m-2

Preliminary
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Total
Ground
Illuminance 
Natural sky
≈0,6 mlux

Preliminary
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Total
Illuminance
Evolution 

Preliminary
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Summary
We are in a crucial time of human history, planetary boundaries have 
been crossed. Mass extinction of species ongoing, light pollution 
contributes to this.

Light pollution has also consequences for human health, energy 
consumption and science (CTA might be directly affected).

We developed a new software, Otus 3, to calculate light pollution 
levels, zenith luminance and ground illuminance (for the first time).

Switch-off of lights at night and renewing lamps has lead to a light 
pollution reduction of ≈30% in France in the middle of the night 
over the past decade (in stark contrast to global trend).
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Photo from 
Château d'Épinal 
in the Vosges

Credit: J.-F. 
HAMARD


