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Foreword
In the spring of 2013, the first series of scientific conferences, dealing
with the study of the physical aspects of light pollution, was born. It 
was our joint initiative to connect the few researchers in the field 
aiming to promote the development of this young science by 
facilitating exchanges and collaborations on an international level. 
Before this first edition that was held in Slovakia, we never met 
together in person although we had already collaborated on the 
writing of a scientific paper. It was a satisfaction of being able to 
meet peers and realize how much we were not alone in the world… 

At that time, networking in the community was at its minimum. It 
was during the meeting that we started to get to know each other. 
Since then, international collaborations and the number of 
researchers have increased considerably. This year, we are holding 
the fifth edition of the LPTMM conference and the number of 
participants has tripled. The pandemic situation has forced us to 
hold this conference virtually but we should come back to in person 
formula for the next edition. 

This year marks a turning point with a renewed formula involving 
training sessions on tools made available to the community as well 
as the introduction of common scientific experiments supported by 
the conference. Personally, we find this renewal of the formula very 
stimulating. We thank the local organizers for these refreshing ideas
and wish you all a profitable meeting.

Martin Aubé and Miroslav Kocifaj
LPTMM scientific committee
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Current limits of the remote sensing at Night:
capabilities from the space platforms

DMSP, VIIRS, ISS, JL1, and other developments
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Zamorano,1 and Jesus Gallego1
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Abstract
Nocturnal remote sensing is a discipline of constant evolution. Every time that a
new satellite arrives to orbit or that the astronauts try a new lens or a new mode
of  acquisition,  new  opportunities  appear.  Sometimes,  the  large  number  of
applications distract us from the real potential of these data sets. From detecting
skyglow, airglow, and even the starlight capabilities of VIIRS, to the multi-angle
capabilities  of  the  ISS astronaut  photography or  the  detection of  ephemeral
lighting (like Christmas lighting) at submeter resolution of the JL1 constellation,
there  are  unprecedented  new  capabilities  of  these  platforms  that  should  be
explored on more depth. Thus, it will be possible to  better understand other
potential  capabilities  but  also  the  limitations  of  other  products.  In  this
presentation, some examples of the strengths and limitations of some of these
datasets are reviewed.

Fig  1.  Detail  of  an  image  acquired  with  a  JL1  satellite  during  2021-22
Christmas season. We can see in blue, a cone of lights that were used for
decoration on the center of the City of Madrid,  at Puerta del Sol square.
Source: https://pmisson.users.earthengine.app/view/madridchrismas



Practical, Ethical and Aesthetic Limits of Outdoor Lighting

Aleš Šubic

Initiative for Regulation of Outdoor Lighting, Slovenia

e-mail: ales.subic@gmail.com

Abstract

Effective,  environmentally  sustainable  and spatially  appropriate  use of  outdoor

lighting  is  a  complex  challenge,  which  requires  comprehensive  approach,

encompassing  different  aspects.  Practical  use  (work,  security,  comfort  ),…
environment protection and appearance and experience of space can be exposed

as the most important ones. In order to properly set the limits of lighting, namely

where  lighting  is  needed  /  not  recommended  /  not  allowed  and  how much

lighting is needed at locations where it is installed, the following aspects need to

be evaluated:

 critical evaluation of actual needs and actual positive effects of lighting

 proper setting of ethical starting points

 consideration of space aesthetics aspects

Many practical  lighting cases and the general fact that despite advances, light

pollution and space degradation with outdoor lighting are not under control, show

that the present starting points are not set correctly. Evidently not in praxis but

also not sufficiently in generally promoted and accepted theories. This estimation

is made based on situation in Slovenia, which might be specific in some aspects,

but is also valid worldwide.

Practical needs for lighting are overestimated, especially as far as road and street

lighting are considered. At the same time, practical aspects still have a clearly

dominating role in decision making, although the environment protection aspect

of light pollution prevention is gaining an increasing role. An additional problem

is that the technical lighting rules and recommendations (e.g. lighting standard

EN  13201),  together  with  the  everyday  lighting  praxis,  form  a  rigid  one-

dimensional  system,  in  a  large  part  alienated  from the  real  needs  and  space

requirements in particular cases.

Ethics is a key starting point from several aspects. The ethical goal of life and

health protection of road and street users is one of the key drivers for systematic

spread of lighting. On the other hand, the ethical goal of environment protection

is  the  main counterargument.  It’s  evident  that  the  present  ethical  position is

biased  in  favor  of  too  much  lighting  and  at  least  within  settlements  there’s

practically  no  space  for  “right  to  darkness”.  The  most  fundamental  ethical

perspective  should  be  changed  in  that  always  the  natural  state  of  night  is

preserved, unless high enough level of needs is proven. Because this is not the

case, cumulative amount of lighting is becoming very large, especially in terms of

affected area and consequently also in terms of total emitted light.

While the environmental problem of light pollution is extensively addressed in

organized efforts at different levels, the accompanying spatial problem of visual

landscape and settlement degradation is mostly underestimated and unresolved.

Solving  this  level  of  the  problem can also  make a  significant  contribution to

solving the problem of light pollution.

As a consequence of the presently prevailing starting points,  public  lighting is

serially installed at locations below a sensible and sustainable threshold of needs.

Especially in non-urban areas, the lighting extent and intensity are typically much

too  high and  the  lighting  installations  seriously  degrade  the  environment  and

space.
This work provides an overview of the present situation and gives proposals for
necessary improvements.



Spectral transfer of the atmosphere
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Abstract

With the appearance of large LED displays, it is necessary to investigate the light
propagation  properties  at  large  distances  with  variable  colours.  We  have
performed an extended Monte Carlo radiation transfer calculation to determine
the  spectral  transfer  function  of  the  atmosphere  with  multiple  scattering.  As
expected from the wavelength dependence of the Rayleigh scattering, the blue
component is strongly dominant close to the source, and the blue/red (B/R)
ratio decreases with distance. The second scattering event also pumps back blue
photons previously scattered in a different direction, so the B/R ratio increases.
With multiple scattering, sky illumination's blue and red components become
equal at greater distances (see figure).
With polluted air (higher AOD), the importance of multiple scattering increases,
and the blue component remains dominant at greater distances. The colour of
the  artificial  sky  brightening  depends  on  several  parameters.  For  different
emission distributions, the typical photon paths will pass through layers of the
atmosphere with different densities, and therefore the B/R ratio will be different.
Light emitted at a lower altitude above the horizon is less blue than upwards
rays. We provide a detailed comparison of the different scenarios.

Figure: Blue to Red red ratio of artificial sky radiance as a function of the distance from the
source with different levels of scattering approximation.



Calibration of a digital camera for low intensity purposes
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Abstract

The use of digital cameras for scientific purposes has been widespread in astronomy since its in-
troduction. However, in order to obtain useful data from these sensors, they must be thoroughly cali-
brated. In more recent years, digital cameras have become omnipresent with digital single-lens reflex
(DSLR) and smartphone cameras, but the calibration methods remain out of reach for most users. The
usual  calibration  methods  tend  to  be  hard  to  implement  for  multispectral  or  large  field  of  view
(FOV) systems such as fisheye lens.

In the present work, we propose a set of calibration procedures that are simple to use with the
intent  to  allow easier  access  to  scientific  image  analysis.  The proposed methods  include  an image's
angular deformation's  calibration by automatically detecting the stars’ position in a star field’s picture.
The evaluation of the sensor's non-linear radiometric response is performed by imaging a lit surface over
a range of exposure times. Furthermore, we propose a way to produce a flat field calibration for large
FOV systems using a photography shooting tent in conjunction with a robotized mount. The lit surface of
the tent is photographed from multiple camera orientation. The part of the images that correspond to the
surface are extracted and averaged keeping their  position in the frame, effectively imaging the same
surface  with  the  whole  sensor.  Moreover,  the  averaging  of  images  taken  from multiple  orientations
statistically reduces the variance of the surface's observed luminance. This method can be used to improve
the uniformity of any calibration surface. The absolute photometric calibration of the spectral bands is
achieved using photography of a star of known top of atmosphere absolute spectral emission combined
with an atmospheric extinction model and known camera colour bands’ spectral sensitivity. This method
can  be  applied  at  any  site  with  aerosol  optical  depth  and  atmospherical  pressure  measurements  in
proximity,  such  as  an  AERONET  station.  The  method  is  tested  using  measurements  taken  at
Observatorio del Teide, Spain. This location is adjacent to the Izaña Atmospheric Research Center to
ensure the quality of the atmospherical measurements taken.

These calibration procedures are subsequently applied to multiple imaging systems. This ensures
the consistency of the produced calibration parameters.

References

Hänel A, Posch T, Ribas SJ, Aubé M, Duriscoe D, Jechow A, Kollath Z, Lolkema DE, Moore C, Schmidt N, Spoelstra H,
Wuchterl G, & Kyba CCM (2018). Measuring night sky brightness: methods and challenges. J Quant 
Spectrosc Radiat Transf, 205, 278-290.

Sánchez de Miguel A, Kyba CCM, Aubé M, Zamorano J, Cardiel N, Tapia C, Bennie J, & Gaston KJ (2019). Colour
remote sensing of the impact of artificial light at night (I): The potential of the International Space Station and
other DSLR-based platforms. Remote Sens Environ, 224, 92-103.



Spectrometric and radiometric measurements (SQM) in comparison
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Abstract

As part of the night-sky brightness monitoring network in the Veneto region, in

the  North East  of  Italy,  in  addition to  the  fixed stations  consisting  of  SQM

photometers,  other  instruments  have  gradually  been  installed  such  as  a  Tess

radiometer, an all-sky camera and a camera GoNet currently being tested.

In particular, since some months a medium-resolution long-slit spectrometer has

been installed at the main station of the network, located in the city of Padua,

which acquires a spectrum of the sky every hour of the night. The slit is centered

at the zenith and covers an area of about 27 x 0.24 degrees. The spectrometer was

calibrated in  wavelength and  flux  by  comparison with  a  professional  long-slit

spectrometer  located  at  the  Asiago  Astrophysical  Observatory  (University  of

Padova). 

The obtained spectra, subtracted from the dark acquired before each measurement

session  and  then  calibrated,  are  processed  through  a  multi-Gaussian  fitting

algorithm,  capable  of  measuring  the  fluxes  of  the  main  emission  lines,  with

particular attention to the artificial ones produced by the main light pollution

sources.  The  analysis  software  also  allows  to  calculate  the  equivalent  SQM

brightness value, and, to measure the fluxes, ascribable for the most part to the

most used outdoor polluting sources, HP sodium and LEDs , by integrating the

spectral continuum, once the emission peaks have been subtracted.

In the present work the main characteristics of the spectrometer will be presented

and  the  variability  of  the  spectra  acquired  in  the  various  atmospheric  and

astronomical situations (cloud cover, presence of the Moon, ...) will be studied,

also  through  comparison  with  the  results  obtained  by  the  other  instruments

present in the same site.

Figure 1: night sky spectra (in red fit of principal emission lines)



Reducing light emissions in the 
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Abstract

The Wadden Sea of the North Sea is recognized since 2009 as an UNESCO

World Heritage site due to its unique large area (10000 km²) of tidal sand, salt

marsh,  and mud flats  (Watt).  Activities,  research and protection in  the  three

countries are coordinated through a Trilateral Wadden Sea Plan with a working

plan that is updated every 5 years by the environmental ministers of the countries.

The North Sea coast belongs to the darkest regions in the Netherlands, but also

in Germany and Denmark.  Therefore two International  Dark Sky Parks  have

been  recognized  by  the  International  Dark  Sky  Association  IDA  in  the

Netherlands with the nature park Boschplaat on the island of Terschelling and in

the  National  Park  Lauwersmeer.  In  the  action  plan  for  2018  –  2023,  the

Leuwarden Declaration, the reduction of light emission in the Waddensea Area

was formulated as one action.

A dark  sky  monitoring  program with  about  40  stations  with  SQMs has  been

installed by the astronomical institute of the University of Groningen RUG in the

province of Groningen/The Netherlands and on the island of Borkum. It was

financed by the program “Donkerte van de Wadden” and these measurements are

available on washetdonker.nl to the public.

Further measurements have been taken on the German islands of Spiekeroog and

Pellworm as well as in Eastern Frisia with some of the darkest measurement ever

taken  in  Europe  with  different  instruments.  In  2021  also  Spiekeroog  and

Pellworm were accepted as International Dark Sky Communities by IDA, with

considerable public interest in the media.

We’ll  discuss  the  measurements  of  the  strongly  varying  sky  brightness  in  the

region partially due to heavy industrial and commercial activities in the harbors

and very dark natural places.

It is intended to create an international cooperation between the Netherlands,

Germany and Denmark for a reliable measurement network in the Wadden Sea

area.



Assessing light pollution at bat colonies with a camera and a drone
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Abstract

Light pollution can have diverse negative impacts on flora and fauna, including

on highly protected species such as bats [1]. To better understand those impacts

and to implement mitigation strategies it is important to thoroughly quantify the

nocturnal  light  field  in  a  meaningful  way.  Firstly,  comprehensive  spatial  and

spectral  information  should  ideally  be  acquired.  Digital  cameras  with  fisheye

lenses allow to obtain radiance information in several spectral bands and from the

hemisphere or the full  solid angle by taking images  in the vertical  plane [2].

Secondly, it is important to measure at the spot where the light pollution matters.

Here we show first results of measurements obtained from a bats eye view by

taking images directly at the position where the bats fly out for nocturnal hunting

from their nursery roosts for example from a church tower (Fig. 1). Furthermore,

measurements  were  performed  from  a  drone  with  a  calibrated  camera.  We

obtained such data at eight of such nursery roosts with different light pollution

situation ranging from dark to bright (0.2 mlx to 545 mlx vertical illuminance).

We detail how such data can become useful for improvement of lighting around

bat  colonies  and  also  discuss  behavioral  data  obtained  with  infrared  video

cameras.

Fig 1. Light pollution (Luminance, CCT) from a bats eye view obtained at the 

entrance to the bat colony in a church tower with street lights on (upper row) and

street lights off (lower row). The data was obtained with a DSLR with fisheye 

lens. 

[1] Stone, E. L., Harris, S., & Jones, G. (2015). Mammalian Biology, 80(3), 213-

219.

[2] Jechow, A., Kyba, C., & Hölker, F. (2019). Journal of Imaging, 5(4), 46. 



Clouds and ALAN: how dark is an overcast night and what does
that mean for cloud amplification?
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Abstract

The  night  sky  brightness  of  clear  skies  without  ALAN  is  relatively  well

understood.  However,  the  night  sky  brightness  and  the  resulting  ground

illuminance/irradiance are less well studied. However, these natural conditions are

important from the point of view of ecology and evolution as nocturnal animals

have  evolved  under  the  change  between clear  and  cloudy  skies  without  light

pollution. We have measured zenith night sky brightness and illuminance with a

Canon EOS 6D calibrated with “Sky Quality Camera” (Euromix, Slovenia) at

two extremely dark locations: the Aral desert near Aral Sea in Kazakhstan (Fig. 1)

and on Kolka Peninsula in Latvia [1]. We obtained a zenith brightness between

0.074-0.077 mcd/m² (22.87-22.90 mags/arcsec²) and illuminances (SQC) between

0.21 – 0.22 mlx at these places. On the other hand, we measured extreme values

of ALAN cloud amplification in and near Berlin. At Berlin Alexanderplatz we

measured  430  mcd/m² (13.5  mag/arcesec²)  and  an  illuminance  of  1100  mlx,

respectively. If the cloud amplification is set as the ratio between an overcast

night at the light polluted place compared to the dark place, we get a factor of

5800 times brighter than normal, which is more reasonable than comparing with

clear sky at that place or a reference clear sky (values vary between 0.17 –  0.25

mcd/m²).

Fig 1. Example data from the dark site in Aral desert Kazakhstan. The data was obtained 
with a DSLR with fisheye lens and analyzed with “Sky Quality Camera” software.

[1] Jechow, A., & Hölker, F. (2019). Journal of Imaging, 5(8), 69. 

[2] Jechow, A., Kyba, C., & Hölker, F. (2020). JQSRT, 250, 106988.



Semiempirical models of the effect of obstructions on light pollution
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Abstract

Light pollution is  a cross-disciplinary topic of importance in our current world of

biodiversity loss and concerns over energy use and carbon production. To understand

how the individual components impacting on light emission and shielding of sources

interact is thus essential for a range of measures from the impact of lights on the

neighbouring environment to how accurately we can infer ground-level emission from

airborne and satellite observations, particularly given the relatively low resolution of the

latter. We have developed a Geographic Information System (GIS) approach which

makes  use  of  commercial  and  open  data  LiDAR observations  together  with  local

authority databases and professional photometry packages. Initial results of this work,

including examples of both rural towns and urban areas has been presented in Espey

(2021). We have extended this approach, making use of additional datasets which have

recently become publicly available, examining a number of neighbourhoods in Dublin

City.  An  example  of  this  work  is  shown  in  the  figure  below  where,  due  to  the

difference between how the LiDAR measurements were taken, we can seen see a clear

difference  in  the  emission  towards  the  ISS.  This  is  due  to  the  presence  of  tree

canopies, with the foliage making a 38% reduction in upward emission. We will also

report results of observations of the changeover to LED lighting in Ireland, including

the observation of dimming approaches in isolated rural areas.

Figure  1 The  image  at  left  shows  the  modelled  location  with  dots  indicating  the

location of streetlights, while the image at right shows the same location when tree

canopies are included. The central image shows a view from the International Space

Station taken in December 2015 showing the relatively uniform streetlighting at that

time.

Figure  2  Comparison  of  observations

including tree canopies (lighter coloured

dots)  and  those  without  (solid  dark

dots).  Data  without  the  tree  canopy

obscuration  show  a  better  correlation

with the winter ISS dataand indicate the

strong  influence  of  foliage  in  some

areas.

Reference
Espey, Brian R. 2021 “Empirical Modelling of Public Lighting Emission Functions,” 
Remote Sens. 2021, 13(19), 3827; https://doi.org/10.3390/rs13193827



The municipality that faded-out from VIIRS-DNB images
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Abstract

The Galician municipality of Ribeira (27000 inh, 65 km2), located in the NW

Iberian Atlantic coast (42°34 N 8°59 W) underwent an almost total replacement of′ ′
its public outdoor lighting system in a single global operation carried out in the

year 2015. A legacy system mostly based on HPS and metal halide streetights was

fully  replaced  by  4000  K LED sources  including  zones  surrounding  sensitive

protected areas, few km away from a National Park. This drastic transformation

of the nightscape resulted in a sharp dimming of the municipality in the VIIRS-

DNB  imagery,  with  a  reduction  close  to  the  50%  in  the  detected  average

radiance. In this work we analyze the observed reduction of the on-orbit VIIRS-

DNB signal, comparing it  with the one expected from ground-truth data and

quantitative hiperspectral models of atmospheric light propagation in the VIIRS-

DNB radiometric band [1]. We show that the models allow to explain a relevant

fraction of  the  observed changes,  and suggest  some improvements  for  further

studies of this kind.

   

  

Radiance VIIRS-DNB (average, 
masked) Top left: year 2014. Top 
right: year 2017. Left: changes 
2017–2014. For VIIRS files cfr. 
Elvidge et al, Annual Time Series 
of Global VIIRS Nighttime Lights 
Derived from Monthly Averages: 
2012 to 2019. Remote Sens. 2021, 
13, 922. Reprojected to 
EPSG:25829. Processed with 
QGIS.

[1] Bará S, Rigueiro I, Lima RC. Monitoring transition: expected night sky brightness 
trends in different photometric bands. Journal of Quantitative Spectroscopy and Radiative 
Transfer, 239 (2019) 106644. https://doi.org/10.1016/j.jqsrt.2019.106644
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Abstract

The work presented here is the measurement of atmospheric backscatter, with an example of its
application to estimate the environmental impact of a deliberately controlled lighting development
on the observatory at a Norfolk school as an example.  The back scatter measurements were taken
at the Malvern hills observatory using the same equipment and related techniques of previous work
presented at ALAN and LPTMM conferences, and lastly summarized in a JQSRT paper in 2019.
This project is different but relies on the experience gained and further enhancement of analysis
methods to that previous work, so the findings of that are relevant here. In summary, a database of
sky brightness was accumulated for analysis of the darkest nights. A mast mounted sky quality
meter (SQM) was used for over eight years taking near zenith readings and 2-minute with little
interruption.  It included simple parametric profile curve fitting, statistics from changes of lighting
from low pressure sodium, high-pressure sodium to blue rich LEDs in towns and also gradual and
sudden weather changes of up to 150 kilometers away in all directions.  The typical clear dark sky
zenith  background  is  magnitude  21.1  per  square  arc  second.   The  Milky  Way  uplift  is  0.3
magnitudes per square arc second and this is entirely avoided at 52° N latitude with the mast SQM
tilted at 20° N. from vertical inclination.  Sudden colour changes were mostly due to local weather
affecting local sources, while the overall sky became increasingly white over the years with the
change  to  LEDs.   Most  recently  in  collaboration  with  an  associate,  time  synchronized
measurements have been made many km away at higher altitude and greater forestation, generally
showing  consistency.   As  a  further  analysis  method,  from  the  all-sky  images,  the  effect  of
dominance of distant vs. local lighting was determined by symmetry differencing isophote contour
maps in different opposite directions. Estimates of distant lighting contribution to the zenith was
estimated at  about 10 to  15% for  cities  between 50 and 120 kilometers  away.   The effect  of
polarisation from the Sun and Moon well below the horizon has also been studied, with nothing
unexpected.

The majority of the work presented here is the back scatter measurements and application example.
The flat panel known luminance telescope calibration lights were temporarily mounted horizontally,
so pointing upwards but below the roofline, with no direct view of the SQM on the mast or any
immediate  reflection.  On  the  clearest  of  nights,  SQM monitor  sky  brightness  were  manually
repeatedly while turning the calibration lights on then off very many times.  In order to eliminate
the sky background continual variations, interpolation of data differences with lights off compared
with when the lights were on and what the background would have been expected to be in reverse
order was done in post analysis. The backscatter was found to be consistent for the weather station
measured varying conditions of humidity, temperature, dew point, wind speed etc. as only the
clearest of nights were selected.   Backscatter in units of throughput where most consistent, was
typically 2.10^-7sr.m^-2.  +/-8% for good visibility. The application example using this was based
on the total luminance data taken from the Reepham school housing development lighting design
report, together with parametric curve fitting typical from the database, to get an estimate of the
possible profile distribution.  This would be helpful as to whether to move the school observatory
elsewhere or not, before the estate building started. This reflection based atmospheric scattering
analysis is not available in any commercial lighting scheme software and yet predictions can be
made which will have major local impact environmentally.  Separately measurements have been
done at the observatory showing weather conditions and dark sky background values very similar to
that at the Malvern hills observatory.  The building estate has been much delayed and not started at
the time of writing.  The author now has limited mobility and so it is hoped that this work could be
continued and monitoring stations by others elsewhere, or even internationally.

mailto:cjbaddiley@gmail.com


Numbers and types of light sources in urban areas

Christopher C. M. Kyba,1 Yi it Öner Alt nta ,ğ ı ş 1 Georg Sulzer,2 Sicco Bauer,3 and Nachtlicher Team3

1 GFZ German Research Centre for Geosciences, Telegrafenberg, 14467 Potsdam, Germany

2 Citizen scientist, Sternwarte Dresden-Goennsdorf e.V., Dresden, Germany

2 Citizen scientist, Dresden, Germany

3 Nachtlichter co-design team of citizen scientists

tel: +49 331 288 28973, e-mail: kyba@gfz-potsdam.de

Abstract

This talk presents first results from the campaigns using the Nachtlichter (night lights) app

which took place in 36 regions (in 10 countries) during fall of 2021. The Nachtlichter app

allows citizen scientists to count and classify outdoor light sources in publicly available spaces

over very large areas (the methodology will be described in a separate presentation). In this

presentation, we will provide more details about the areas in which Nachtlichter campaigns

took part, and compare the distributions of light sources in different regions (e.g. small vs.

large cities, and city centers vs. outlying residential areas).

Our results are consistent with earlier results showing that street and area lighting make up a

relatively small fraction of all of the individual light sources (Figure 1). A striking finding is

that in the early evening, lights from private windows make up a large fraction of the total

number of light sources. This is likely important for skyglow modeling, as while windows

typically have less luminous flux than streetlights, they radiate towards the horizon and often

from higher  elevation than the  street  level.  Additionally,  we show that  the  character  of

lighting  differs  between  city  centers  and  suburban  areas,  for  example  with  many  more

luminous signs in urban areas.

We will also present the results of comparisons of the sum of lights in almost 200 Suomi

NPP Day-Night Band pixels (based on the 15” grid of the Earth Observation Group) with

the light sources observed by Nachtlichter participants in the same areas. We hope that it will

be possible to use a linear model to estimate (to first order) the average contribution of the

different light source types to the radiance observed from space. If this is the case, it would

allow us to “translate” the DNB radiance observations from nW/cm2sr into approximate

numbers of light sources per square kilometer.

Looking toward the next decade, we hope that it will be possible to combine  Nachtlicher
results with 3D city modeling, in order to better understand the relationships between land

use, light source type, and the blocking of light by obstacles, and how this affects skyglow.

Figure 1: Comparison of light source types in all of Germany (left) to two areas of 
Cologne (city center at center, and an outlying residential area at right).
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Abstract

The Global  at  Night  -  Sky Brightness  Monitoring  Network (GaN-MN) is  a

multinational  project  for  long-term monitoring  of  night  sky  brightness  (NSB)

around  the  world.  The  network  currently  has  67  SQM-LE equipped  stations

operating in 21 countries/regions, measuring the long-term temporal variations in

NSB over locations with a wide range of radiance and land use.  Almost 200M

individual NSB data entries had been collected by January 2022, providing the

scientific backbone in our efforts to contribute to dark sky conservation through

educating the general public and policymakers.  

Observers  had  long  known  the  amplification  effect  of  NSB  by  clouds.   By

studying the density distribution of NSB at the hugely diverse range of locations,

we were able to characterize in detail how the cloud amplification factor depends

on the distinctive lighting pattern at each location.  We found that this factor to

be strongly correlated with the NSB of the location ─ the brighter the night sky

of the location, the larger the impact the cloud has on the NSB.  This correlation

is valid over a wide range (over 400 times in radiance difference) of NSB levels.

Our results suggest that we would underestimate the actual impact of nighttime

lighting  usage  on  people  if  only  the  upward  radiation  from  remote  sensing

methods is considered. 

Project website: http://globeatnight-network.org/. Archived data from the project

available  at  the  Globe  at  Night website:  https://www.globeatnight.org/gan-

mn.php. This project is supported by the University of Hong Kong Knowledge

Exchange Impact Project Scheme.

https://www.globeatnight.org/gan-mn.php
https://www.globeatnight.org/gan-mn.php
http://globeatnight-network.org/


Analyzing the Sources and Variations of Night Lights Between 2012 and 2019 in
Hong Kong from VIIRS Monthly Products

Chun Shing Jason PUN,1 Chu Wing SO,2 and Shengjie Liu3

1,2,3 Department of Physics, The University of Hong Kong, Pokfulam, Hong Kong
3 Spatial Sciences Institute, University of Southern California, Los Angeles, USA

1 tel: +852 2859 2360, e-mail: jcspun@hku.hk 
2 tel: +852 2859 2360, e-mail: socw@connect.hku.hk

3 tel:  +1 213 740 5910, e-mail: liusheng@usc.edu

Abstract

Long-term monitoring  of  artificial  light  at  night  (ALAN) is  essential  for  our

understanding  of  the  source  of  light  pollution and developing  mechanisms to

control it.    In this study, based on the VIIRS monthly product and land use

data, we analyzed the long-term ALAN in Hong Kong between 2012 and 2019.

We could not detect any long-term trend in the level of ALAN of Hong Kong

from this dataset over the eight years of observations at the level of detection

accuracy of the VIIRS monthly data.   We performed a detailed analysis of the

ALAN from Hong Kong and its  relationship with land use classes.  Using a

clustering  method,  we  distinguished  persistently  bright  (or  dark)  facilities,  in

particular transportation and public facilities such as airport, container port and

cross border checkpoints from transient phenomena such as wildfires.   We were

able to identify widespread yet subtle patterns such as the higher emission from

public residential areas compared to the private ones, likely the consequence of a

combination of population density and lighting designs.  Finally, with this long-

term data set, we proposed an association of a brighter background ALAN with

an elevated humidity level.   While the trend is weak (R = 0.54), it can possibly

be attributed to the dispersing effect of water vapor on radiation.   Since large

public and transportation facilities emitted the most ALAN in Hong Kong, we

suggest adopting sustainable design in future projects to reduce the emitted ALAN

to the space, thereby reducing light pollution.
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Abstract
Besides artificial lights at night (ALAN) polarized light can also be a major source
of light  pollution affecting a wide range of ecological  systems. Polarized light
pollution arises when highly polarized light reflected from artificial objects attracts
polarization-sensitive insects and traps them, often causing their death. The vast
majority of aquatic insects find their natural habitats by detecting the strong and
horizontally polarized optical  signal  reflected from the water surface.  Artificial
surfaces with polarized light pollution can deceive these insects by mimicking this
optical  signal,  causing  significant  ecological  and  conservation  damage.  In
collaboration with the Environmental Optics Laboratory of ELTE, we developed
a new measurement method for light polarization, placing a polarization camera
setup on drones, which allows us to measure the polarization optical properties of
a given area more accurately and thoroughly than before. Besides the polarization
camera, the drone is also applied with a high resolution optical camera enabling
light  pollution  measurements  in  the  visual  spectrum.  Drone  technology  has
developed rapidly in the last ten years and drones are now used in many industrial
fields  for  various  purposes  such  as  agriculture,  geographic  surveys,  warfare,
cartography, etc. Drone polarimetry also allows polarimetric mapping of otherwise
inaccessible areas and by adjusting the altitude and angle of view, we can create a
realistic  picture  of  how  a  flying  aquatic  insect  perceives  the  surface  below,
through  its  polarimetric  vision.  The  aim  of  our  research  is  to  use  the  new
technology to detect ecological traps that threaten natural habitats by detecting
their  polarized  or  night-time  light  pollution.  In  addition,  aerial  surveys  of
polarized and night-time light pollution enables us to locate sources in urban and
other man-made environments (e.g. glass surfaces of buildings, asphalt roads, car
parks,  spotlights,  bridge  illumination etc.)  that  are  hard to  measure from the
ground,  hidden from satellites or lacks the detail and resolution. 

Acknowledgements: This research is supported by the ÚNKP-21-4 New National
Excellence Program of the Ministry for  Innovation and Technology from the
source of the National Research, Development and Innovation Fund.
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Abstract

Measurements of the surface brightness of the night sky have been carried out for
many years by research groups from around the world.  Because it  has a very
negative impact on health and many aspects of human life, as well as on the
coexisting natural  environment, the study of this phenomenon has become an
interdisciplinary  task.  According  to  the  conducted  observations,  much  greater
brightness  of  the  sky,  i.e.  its  light  pollution,  is  observed  in  the  centers  of
urbanized  areas  and  their  immediate  vicinity  than  in  places  outside  larger
population centers or industrial zones. The observed high brightness values of the
night sky are influenced by many factors, including mainly improperly designed
or installed external  lighting infrastructure.  The parameter that may affect  the
increase in the recorded values is the meteorological conditions occurring during
the measurement, mainly the level and extent of cloud cover. The relationship
between the measured value of the surface brightness of the night sky and the
occurrence of cloudiness is signaled in various research studies. In Toru , multi-ń
aspect measurements of light pollution have been carried out instrumentally since
2017, and in 2020 an automatic network was established to monitor the surface
brightness of the night sky using proprietary, mobile measuring devices, which are
systematically  expanded.  This  paper  presents  the  results  of  research  on  the
relationship  between  the  observed  sky  brightness  and  selected  meteorological
elements. The results collected at several measurement stations located in various
parts of Toru  in a long, over one year-long observation series were analyzed andń
correlated. This  allowed us to find an answer to the question of whether the
results of measurements of the brightness of the night sky are influenced by the
local  meteorological  conditions  and  whether  the  measured  value  changes
significantly depending on the distance from the very center of the city. 
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Abstract

The GAia Map of the Brightness Of the Natural Sky (GAMBONS) is a model to

map the natural night brightness of the sky in cloudless nights. It computes the

star  radiance  from  the  photometric  data  in  Gaia  and  Hipparcos  catalogues,

adding the contributions of the diffuse galactic and extragalactic light, zodiacal

light and airglow, and taking into account the effects of atmospheric attenuation

and scattering. The model allows computing the natural sky brightness in any

given  photometric  band  for  a  ground-based  observer,  if  appropriate

transformations from the Gaia bands are available. 

In this work, we present the most recent improvements of the model. They are

the inclusion of the Moon brightness and the use of the Optical Properties of

Aerosols  and  Clouds  (OPAC)  model  to  compute  the  effect  of  the  aerosols.

Furthermore, we have expanded the number of available bands, including now

some  animal  visual  responses,  allowing  in  this  way  a  more  precise  use  of

GAMBONS to study the effect of the night sky brightness on fauna. Finally, the

new version of the model computes a set of additional sky brightness indicators,

as the horizontal irradiance and the average hemispheric radiance.
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Abstract

We evaluated the sites hosting all telescopes with aperture of 3m or more, plus some

additional selected sites. We computed and analyzed five light pollution indicators (the

Johnson-Cousin V artificial radiance at zenith,  the radiance averaged at 60° zenith

distance, over all the sky hemisphere and in the first 10 degrees above the horizon and

the horizontal  irradiance due to the artificial radiance of the sky hemisphere).  We

found great variations of the values of the indicators between the different sites.

We used analytical Point Spread Functions (PSFs), one for each indicator, obtained by

fitting the discrete PSFs given by the code developed by Cinzano and adapted for this

purpose  by  Falchi.  The  code  output  is  the  radiance  in  10115  directions  in  half

hemisphere  uniformly  distributed in  a  Zenith  Equal  Area  projection,  so  that  each

direction in the computed all-sky map corresponds to the same solid angle in the sky

of about 1 square degree. The computation was repeated for distances from 0.12 km to

527 km, in incremental steps of 1.2x. All was repeated for 9 altitudes above the sea

level of the observing sites from 0 m to 5600 m (0, 500, 1000, 1500, 2000, 2500, 3000,

4000, 5600 m) and for 11 altitudes of the light sources (0, 250, 500, 750, 1000, 1250,

1500, 2000, 2500, 3000, 4000 m) with the constrain of having the sources of light at a

lower  or  equal  altitude  above  sea  level  in  respect  to  the  observatory.  This  was

computed for the angular shape of the intensity of the light source in function of the

emission angle above the horizon as found in the New World Atlas of Artificial Night

Sky Brightness (Falchi et al., 2016). This generated 325 PSFs that were used to obtain

the analytical best fitting functions. Additional 95 PSFs were generated for different

sites to check the good fit of the analytical functions. To take advantage

The analytical  functions give,  for each indicator,  the LOG10 value of the PSF in

function of three variables: the LOG10 of the distance between observer and source,

observer  altitude  and  source  altitude.  These  functions  were  found  by  running

ndCurveMaster,  a  n-dimensional  nonlinear  curve  and  surface  fitting  program

(www.ndcurvemaster.com) and allowing  it  to  use  polynomials,  exponentials,  power

functions, logarithms and their combinations. We used the analytical PSFs in a GIS

software (QGIS) using, as input files for the radiance emitted by sources, the VIIRS

2020 yearly averaged data and, for the elevation, the Global Multi-resolution Terrain

Elevation Data (GMTED2010) by the USGS and the National Geospatial-Intelligence

Agency. For each observatory we multiplied a weighting function, calculated using the

analytical PSF for the altitude of the observatory and the for the distance and altitude

of each pixel, by the VIIRS data value of the corresponding pixel; i.e. we made a pixel

wise  multiplication  of  the  raster  of  the  weighting  function  by  that  of  the  VIIRS

radiance.  The  obtained  raster  gives  the  contribution  of  each  pixel  source  to  the

indicator in the observatory and the sum of all the values of these pixels gives the value

of the indicator.
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Abstract
Northern Chile has arguably one of the most pristine skies in the world. The sky
quality of this zone has attracted an important and increasing fraction of the
major professional astronomical facilities in the world. For instance, northern
Chile is hosting most of the large ground-based revolutionary projects that will
become operational in this decade, such as the Vera Rubin Observatory, GMT
and ELT.

However, the artificial sky brightness in this region is in a steady increase due to
the demographic and industrial growth, threatening the natural quality of the
skies.  As  a  countermeasure  to  protect  the  skies  and  the  development  of
astronomy in the country, Chilean government is developing new regulations,
that implements the requirement of environmental impact studies for all projects
that could generate light pollution in zones of astronomical relevance.

In this work, we present the development and implementation of a software suit
designed as a tool for assessing the environmental impact of light pollution. The
implementation  uses  a  model  and  satellite  images  of  the  Earth  at  night,
constrained with calibrations derived from surveys of lamps on selected zones in
Coquimbo region. We show the results of applying the model to a real-world
case.

mailto:f.ramos.almendares@gmail.com
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Abstract

Most of the available nighttime light measurements are made in clear nights and open places.
Light-dark alterations, i.e., diurnal cycles, play an extraordinary role in natural ecosystems.
Dark periods are necessary for the regeneration of many organisms and are essential for
nocturnal animals. However, night lights of deciduous and evergreen forests as well as natural
meadows do not necessarily show permanence. Habitats can be darker during cloudy nights,
especially when shaded by the forest's canopy. Different moon phases can also cause varying
brightness. Moreover, the light of the full moon can already initiate photomorphogenetic
processes  in  vegetation.  The  full  moon's  light  may  cause  electron  excitation  in  plant
photosystems, causing fluorescence and phosphorescence. These two phenomena can further
increase natural night light levels in habitats. Nature conservation areas and dark sky parks
often provide  forest  habitats  that  offer  good opportunities  for  comparative measurements
under a clear sky and canopy-covered sky in the same region. We started a survey to obtain
data for these extreme conditions.

Figure 1. Radiance distribution under the canopy of trees. The levels are given id digital
camera green dsu values. In a partially open forest section, the radiance of the canopy varies
between 0.01-0.2 dsuG at a moderately light-polluted location
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Abstract

We measured and analyzed the spectrum of sky-glow over several typical areas in

Bratislava (housing estate, shopping center, industrial zone, city center). Using

the Spectrum Analyzer  program, we decomposed the  measured spectrum into

components  corresponding  to  the  spectra  of  typical  light  sources  used  in

Bratislava (HPS, metal-halide, LED, fluorescent, incandescent). As it turned out,

the effect of public lighting (especially street lighting) on the sky-glow depends

significantly on the type of area.
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Abstract

Artificial light at night (ALAN) is closely associated with modern societies and is

rapidly increasing worldwide. A dynamically growing body of literature shows that

ALAN  poses  a  serious  threat  to  all  levels  of  biodiversity  -  from  genes  to

ecosystems (Fig.1). Many “unknowns” remain to be addressed, however, before

we fully understand the impact of ALAN on biodiversity and can design effective

mitigation measures. 

We argue that 11 pressing research questions have to be answered to find ways to

reduce the impact of ALAN on biodiversity. The questions address fundamental

knowledge  gaps,  ranging  from  basic  challenges  on  how  to  standardize  light

measurements,  through  the  multi-

level  impacts  on  biodiversity,  to

opportunities  and  challenges  for

more  sustainable  use.  The goal  for

future  interdisciplinary  research

should be to guide the diverse field

of  research,  so  information  on

biodiversity-relevant  nocturnal  light

will  be  accessible,  rigorous,  and

comparable  across  studies  and

disciplines.  This  includes  a  broader

thinking  about  how  to  best

characterize  and  measure  ALAN

from the perspective of the species or habitat of concern.

Fig  1.  Impact  of  on  multiple  levels  of  biodiversity.  The  multiple  levels  of

biodiversity are interlinked, i.e., one level of biodiversity may respond to ALAN

and  modify  processes  at  other  biodiversity  levels.  For  example,  ALAN may

impact the gene expression of certain clock genes, which results in a reduced

fitness of individuals and a population decrease due to a phenological mismatch

with  other  species  and  finally  a  changed  community  composition.  This  may

impact ecosystem processes and nocturnal lightscapes (e.g., forests, coral reefs),

which in turn influences all other levels [1]. 

[1] Hölker et al. (2021). Frontiers in Ecology and Evolution, 9:767177.
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Abstract

In Mexico, as in many countries, the government restricted human activities to

deal with the pandemic of the Coronavirus Disease 2019 (COVID-19), providing

an opportunity to investigate the changes in anthropogenic emissions of aerosols,

particulate  matter  (PM)  and  light  pollution  (LP).  Since  several  studies  have

examined the dramatic reductions in regional LP in different countries  during

COVID-19  lockdown,  we  assumed  LP  levels  in  Mexico  have  also  decreased

because of the reduction of  human activities  and hence primary air  pollutant

emissions,  especially  those  from  motor  vehicle  traffic.  However,  we  think

necessary  to  determine  whether  this  reduction  was  because  of  natural  or

anthropogenic  agents,  and  the  specific  activities  that  created  it.  Considering

atmospheric aerosols to be a major factor influencing light pollution by scattering

and absorbing radiation from artificial light sources, this study has the aim of

investigating the effect of changes in aerosol concentrations, using satellite data

and surface observations of PMs on LP levels during lockdown, back-to-work and

post-lockdown stages of COVID-19. Some questions we would like to answer are:

If there were changes in PMs and aerosol emissions, did they influence LP? What

kind of specific activities generated PM and aerosol reduction? Are there spatial-

temporal variations in the aerosol- night radiance relationship?
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Abstract

In  the  path  towards  the  economic  growth  and  development  of  Mexico,  the

government has created a series of new regulatory guidelines on the atmosphere,

besides its  adherence to international treaties and agreements, thus ensuring a

healthy environment. The Secretariat of Environment and Natural Resources has

determined the need for federal light pollution (LP) regulations in the country.

For  this  reason,  the  government  convened  a  group  of  scientists  and  lighting

technicians to establish a scientific protocol for a new normative. The protocol

will  follow a deep study of LP and will  include recommendations to establish

levels of radiance and irradiance, the spectral composition of light sources, their

photometric characteristics, and the energy consumption in public and private

spaces. This study will include three main points: 1 a theoretical characterization

of LP in Mexico City, 2 the development of a sky scanner and an experimental

method for the retrieval of LP, 3 a method for LP legislation in Mexican cities.

This study is the first in Mexico that will seek to relate the scientific impact of LP

with a practical social impact, with the ultimate aim of the regulation of light

pollution. Likewise, we will establish guidelines so that the technicians in charge

of ensuring that the lighting installations comply the regulations can carry out

periodic inspections.
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Abstract

Illumina [1][2] is one of the most precise and reliable light pollution models at

the time of this writing. It estimates hyperspectrally the radiance and irradiance

received from direct light and first and second order scattered light. It takes into

account the heterogeneity of light sources (spectral emission, light output pattern)

and the blocking effect of obstacles. It also takes into account the reflection off

the ground and the orography of the terrain. The results obtained by the model

have been validated in several studies [2][3][4].

This model, however, has been hardly used outside the developing team. There

are two main reasons. The first reason is that it takes weeks (for a light pollution

expert) to learn how to handle all the variables and files that the model requires.

And second, because it is designed to be run in a CPU cluster, a kind of facility

not available for many.

Illumina Light aims to solve those problems. It is a simplified version of Illumina

designed to be run in a domestic laptop. It is managed from a user friendly visual

interface that allows the user to estimate the V band artificial sky brightness for

the zenith direction in any location desired in less  than  ten minutes (8 CPU

laptop). 

Moreover, Illumina Light is prepared to integrate natural sky brightness model,

such as Gambons [5], in order to provide a total sky brightness value that can be

compared to measurements.

[1] Martin Aubé and Alexandre Simoneau  https://doi.org/10.1016/j.jqsrt.2018.02.033

[2] Martin Aubé, Alexandre Simoneau, Casiana Muñoz-Tuñón, Javier Díaz-Castro, Miquel 
Serra-Ricart, https://doi.org/10.1093/mnras/staa2113

[3] Hector Linares, Eduard Masana, Salvador J. Ribas, Martin Aubé, Alexandre Simoneau, 
Salvador Bará, https://doi.org/10.1016/j.jqsrt.2020.106990 

[4] Hector Linares, PhD Thesis Universitat de Barcelona 
http://hdl.handle.net/10803/672685

[5] Eduard Masana, Josep Manel Carrasco, Salvador Bará, Salvador J Ribas,  
https://doi.org/10.1093/mnras/staa4005

https://doi.org/10.1093/mnras/staa4005


Modeled zenith sky brightness map of Catalonia

Hector Linares1, Eduard Masana 2, Salvador J Ribas3, Manuel García-Gil 4, Martin Aubé 1,5,
Alexandre Simoneau1 and Alejandro Sánchez de Miguel6,7,8

1 Université de Sherbrooke, Sherbrooke, Canada

 2 Dept. Física Quàntica i Astrof icia. ś Institut Estudis Espacials de Catalunya (ICC-UB-IEEC),
Barcelona, Catalunya 

3 Parc Astronòmic Montsec – Ferrocarrils de la Generalitat de Catlunya,  Àger, Catalunya
4Departament d’Acció Climàtica, Alimentació i Agenda Rural, Generalitat de Catalunya

5 Cégep de Sherbrooke, Sherbrooke, Canada
6 Depto. Física de la Tierra y Astrofísica. Instituto de Física de Partículas y del Cosmos

(IPARCOS), Universidad Complutense, Madrid, Spain
7 Instituto de Astrofísica de Andalucía, Glorieta de la Astronomía, Granada, Spain,

8 Environment and Sustainability Institute, University of Exeter, Penryn, Cornwall, U.K.

tel: +1 8732003120, +34 685123702,  e-mail: hector.linares.arroyo@usherbrooke.ca 

Abstract

Illumina v2 (Aubé et al. 2020) has been used for the first time to assess the quality of the night

sky  of  a  large  area.  Particularly,  to  create  zenith  sky  brightness  maps  of  the  region  of

Catalonia (32000 km2). 

The area has been assessed with a spatial sampling of 5x5 km, and one of its provinces,

Tarragona (6300 km2), has been studied again with an improved spatial sampling of 1x1 km.

The maps independently cover the B and V bands of the Johnson system and reproduce  the

zenith sky brightness level corresponding to the current lighting system. The definition of

light sources  has been made combining the methodology introduced by Sánchez de Miguel et
al. (2019), which uses calibrated images taken from the International Space Station, with

detailed public inventories of luminaries and lamps.

The resulting maps have been compared to The new world atlas of artificial night (Falchi et
al. 2016). Both methods show similar brightness patterns, the biggest difference being the

area of influence of very bright sources, which are more widely spread on Falchi’s map. This

difference may be attributed to the different emission functions defined in each model and

the  fact  that  Illumina  takes  into  account  obstacles  and  topographic  blocking  effect.

Additionally,  nineteen  points  distributed  throughout  Catalonia  have  been  modeled  and

compared to the measured value (SQM, SQC and/or ASTMON instrumentation) in order to

test our results. The absolute differences between  measurements and the simulated values are

typically within 0.2 mag/arcsec2.  

The outcome of this study is being used by the environmental administration of Catalonia to

evaluate the transition to LED lamps and to assess its influence on the Serra del Montsant

Natural Park. This park is specially protected by law in Catalonia and has recently been

declared a Starlight Tourist Destination.

The methodology used in this  work has many applications as it  is  not  restricted to the

characteristics of the maps presented. It is possible to use other brightness indicators than the

zenith sky brightness; it is also possible to represent different lighting scenarios, making it

useful to compare different situations; and finally, any wavelength range between 330 nm to

830 nm can be considered. 
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Abstract
Nighttime light pollution is sadly familiar to all of us. While our grandparents and great-grandparents may
talk fondly of seeing the Milky Way in their youth, with thousands of stars scattered across the dark
summer sky, we are mostly content with seeing a few dozen stars through the never-ending dusk of urban
and suburban skies.

As professional lighting designers, we know the solutions. First, we need to limit the amount of light that
is uselessly directed or reflected upwards into the night sky from streetlights and outdoor area lighting.
Second, we need to minimize the relative amount of blue light generated by the light sources. Third, we
should dim or turn off the lighting when it is not needed. Three simple but effective solutions.

The question is, how do we quantify these solutions? What does it mean, for example, to “minimize the
relative amount of blue light”? Indeed, how do we even define “blue light?” More important, what is the
result of doing so? Given two light sources – for example, 2700K and 3000K LED streetlights – which is
the better choice in terms of reducing nighttime skyglow? Is it even worth worrying about the difference?

What we are really asking here is, what is the relationship between the spectral power distribution (SPD)
of a light source and its contribution to nighttime sky glow? If we know the answer to this question, we
can make quantitative and hence informed judgements when choosing exterior luminaires for street and
area lighting.

What we need is (yet another) lighting design metric. More specifically, we need a metric that takes into
account:

 Spectral power distribution;

 Photopic vision;

 Scotopic vision; and

 Atmospheric scattering

as these are the components of what we perceive as artificial sky glow and hence light pollution.

A key feature of the proposed metric is that it can quantitatively rank light sources as according to the
relative sky luminance expressed in stellar magnitudes, and so is easily explained and relatable to the
general public.

Another feature of the metric is that the action spectra for photopic and scotopic human vision can be
replaced by other action spectra for specific purposes. Examples include the McCree curve for greenhouse
applications and spectral responsivity curves for animals in ecologically-sensitive areas.
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Abstract

We report  the  ongoing  project  to  determine  the  impact  of  the  public  street

illumination on the night sky brightness in Añora, a small village of Andalusia

(Spain).  The local  authorities, guided by amateur astronomers, are performing

tests to stablish a more sustainable illumination for the streets with less power and

lower impact on the night sky brightness. The TESS-W stars9 photometer has

been recording data before the streetlights change, during the tests, and it is still

monitoring the sky brightness from inside Añora. 

The full information of the lamppost (location, type, power) and the electrical

power used along the nights is provided by the Town Hall. Our plan is to model

the relationship electrical power versus sky brightness and to open the data sets

for future research.

Fig 1. Night sky brightness at zenith evolution for the night of 2021/09/08. The
light power during the night is labeled. The steps in sky brightness when the
streetlight is brightened or reduced are clearly seen.
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Abstract

Based  on  Sky  Quality  Meter  (SQM)  measurements  obtained  through  the  Upper

Austrian network of more than 20 stations as presented in Posch et al. (2018), we have

developed  a  method  to  constrain  the  long-term  trend  of  the  (zenithal)  night  sky

brightness (NSB). To do so, we first select clear and moonless sky data and correct for

instrumental aging effects using the “twilight method” as described in Puschnig et al.

(2020).  Next,  we  lookup  atmospheric  data  for  each  time  and  location  via  the

Copernicus Atmosphere Monitoring Service. This enables us to establish an empirical

atmospherical model to correct for the impact of varying atmospheric conditions. As a

result  we are able to quantify the change of NSB over a long period of time. An

example is shown in the figure. In the top panel of the figure, each point corresponds

to  the  45-minute  average  of

normalized  NSB  data  obtained

under  clear  and  moonless  sky.

Without  light  pollution  under

average atmospheric conditions all

values  would  be  0,  while  any

pos./neg.  value  indicates

brightening/darkening  of  the  sky

due  to  light  pollution  and/or

atmospheric changes. The color of

each  point  indicates  the  inverse

variance  of  measurements  within

the 45 minutes, which is used as

weight for linear fitting. The gray

line  is  the  weighted  linear  fit

through the data. In this case the

fit  through  the  data  in  the  top

panel suggests an increase in NSB

of  ~0.03±0.01  mag/arcsec²/yr.
However  our  atmospheric  model

that is shown in the mid panel of

the figure, indicates that the  brightening with time as seen in the top panel may solely

be explained by a “selection bias” caused due to the fact that measurements were

taken under varying atmospheric conditions. Finally, the true underlying NSB trend is

given by the difference between the measurements (top panel) and the model (mid

panel). This difference (bottom panel) shows that after correcting our data for the bias

due to atmospheric changes, in fact no real brightening of the NSB is recognized at

this site. This is promising as the presented example shows measurements obtained

within  a  national  park  in  Austria.  After  applying  the  same  procedure  to  all

measurement sites in Upper Austria, we find that at roughly half of the sites the NSB

did not change, while at the other sites an increase in NSB was found, ranging from

~1.3% per year up to more than 5% per year.
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Abstract

Energy management is one of the major concerns of urban sustainability and

climate change agendas worldwide. Cities consume around 75% of the energy

produced globally and handle a similar percentage of global CO2 emissions. For

instance,  artificial  lighting  represents  on  average  30%  of  total  energy

consumption in the municipalities of Mexico City. The artificial lighting system

in such a big city is utterly complex, due to the existence of diverse interactions

among  users,  public  policies,  and  technical  aspects.  Socio-environmental

problems  such  as  light  pollution,  insufficient  lighting  and  energy  waste  are

symptoms of the unsustainability of the lighting system. The aim of this work is

to identify leverage points for sustainable management of the artificial lighting

system in Mexico City. To achieve this goal, we characterized the conditions of

the lighting system in a period between 2010 and 2020 using the adaptive cycle

quantification method proposed by Castell and Schrenk (2020).
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Abstract

This paper describes the use of a new open source instrument called LANcube v2 to
build an urban light fixture inventory. The LANcube v2 is and instrument having 5
color sensitive sensors each on a face of a cube. The instrument can be mounted on
a car roof in order to create a map of the artificial light at night of a city while
roaming city streets.  Based on the temporal  variations of the detected signal  on
various cubes’ faces, we developed a method of finding the position in 3D of each
lamp fixture (latitude, longitude and height). Most of the time, it is also possible to
identify the lamp spectral type thanks to the balance of the 3 RGB and clear bands.
Finally, by assuming  typical angular photometry of a street light fixture with respect
to its location and spectrum, it is possible to roughly estimate the luminous flux of
each lighting device. Such information allows us to build a light fixture inventory of
a city.  One advantage of that new method is that it can also provide information
about  the  private  lighting  devices  that  are  always excluded  from  light  fixtures
inventories  that  are  sometimes  owned by cities.  We will  compare the inventory
extracted with that new methodology with lamp by lamp on site inventory made for
the a small village in Canada. This allows us to enumerate the limitations of the
method by comparing to the ground truth. 
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Abstract

A previous  study in  several  major  cities  in  the  world  found that  the  angular

distribution of artificial light emission observed from satellite may depend on the

type of land use or heights of buildings (e.g. Li et al., 2019). In order to further

investigate whether there is any relationship between land use and emission angle

of night at light, the Coordination of information on the environment (CORINE)

land  use  data  of  year  2018  (updated  in  2020)  for  mainly  European  Union

countries were downloaded, with the resolution reduced to 750 m, which is the

approximate  resolution  of  the  Suomi  NPP  VIIRS–DNB  sensor,  and  the

distribution of the relative quadratic term of the fit was compared. In addition,

population density and VIIRS normalized differential vegetation index (NDVI)

data were also used to perform this comparison. For the land use data, we found

that the value of the quadratic term for areas classified as “Continuous urban

fabric” was lower than other types of land uses,  as found in previous studies

However, we could not find any clear relationship between population density

and directionality of upwelling light. The preliminary results will be presented.
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Abstract
Remote sensing of light pollution from a high-altitude balloon platform provides
unique advantages to the study of nighttime light emissions. This method allows for
relatively inexpensive, high resolution, regional-scale mapping, while also providing
color data and angular information that is not regularly obtained from orbit.  We
present initial results collected from a nighttime imaging system carried by a stratos-
pheric, latex high-altitude balloon. In this survey, we imaged and georeferenced
1,500 km2 of suburban to rural areas surrounding the city of Indianapolis, Indiana,
USA. From these data, we quantify the brightness, color, and quality of light emis-
sion defined by broad land use type (ex. residential, commercial, roadways, etc.) as
well as specific structural sub-classifications within commercially zoned properties
(ex. parking lots, rooftops, greenspaces, façades, etc.). This is the first descriptive
analysis of its kind done in the US.

We detail advantages and limitations of high-altitude balloon imaging for the remo-
te sensing of light sources. Finally, we propose a number of potential applications of
this method of remote sensing for future research efforts, including collaboration
with urban wildlife ecologists using ground-based remote observational data.
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Abstract

At places with negligible light pollution, the irradiance on the ground is significantly decreased by the
clouds due to the decreased transparency.  Clouds affect skyglow when they reflect light from artificial
sources coming from the ground. The reflected light adds to the scattered natural light causing increased
sky brightness. The elevated level of sky brightness near urban areas under clouds can be measured by all-
sky photometry even from several km distances from a city. However, it is hardly studied what the natural
spectral radiation of clouds is at light-pollution-free areas. We measured the spectral radiance of the sky
by a sensitive spectroradiometer at the Sölktäler Naturpark under different conditions, including overcast
sky  with  optically  thick  clouds.  At  this  location  the  effect  of  artificial  light  is  negligible.  In  clear
conditions, the spectrum of the sky is dominated by natural features (e.g. the oxygen and sodium lines).
Without light pollution, the spectral radiance of clouds resembles the standard constitution of airglow and
other natural radiation, but at a significantly lower level (see figure).  To make the comparison easier, we
display the spectra taken at clear night scaled to the cloudy sky at a 1/10 level.
The spectrum under the cloudy sky (date: 01.11.2021)  clearly shows the natural spectral lines of the sky
and some traces of compact fluorescent artificial light. During the next clear night, there was a sodium
event with an increased green oxygen line (558 nm). The cloudy sky still displayed an increased sodium
emission around 590 nm.  For  comparison,  the  figure  also  shows  the  clear  sky  spectrum at  normal
conditions (17.07.2021.). We perform Monte-Carlo radiation transfer modelling to fit the spectra taken at
different  conditions.  The  modelling  and  measurements  together  provide  information  about  cloud
characteristics. We plan to use these data to predict the illuminance and irradiance at remote locations at
different weather conditions.

Night sky spectra taken at Sölktäler Naturpark, a place with very low light pollution levels.
The spectral radiance of the cloudy sky is approximately one-tenth of the clear sky.
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Abstract

The cloud field has a decisive role in the light pollution amplification for the

observer placed within the light-emitting city. In addition to the light scattering

and absorption below the cloud layer, artificial light from the ground is reflected,

transmitted, and absorbed by the cloud layer itself. The night sky brightness relies

on  cloud  properties,  including  cloud  base  altitude  and  spectrally  dependent

reflection  function.  Otherwise,  the  reflection  function  depends  on  a  cloud

microphysics, in terms of the volumetric concentration of water drops with the

given effective radius. Moreover, the reflection function in the visible wavelength

is primarily a function of cloud optical thickness. Satellite measurements provided

by Suomi-NPP offer a wealth of information about cloud properties that may be

utilized to precisely calculate the reflection function and cloud base altitude.

The preliminary results indicate that doubling the effective radius of the water

drops  can  alter  the  reflection  function  by  around  10%.  On  the  other  hand,

doubling the liquid water path can change the reflectance by more than 40% for

optically thick layers. 

In this paper, we present the exact calculation of the cloud reflection function

based on the satellite measurements in a nadir view approximation. As a result,

the predicted zenith sky brightness under the overcast sky conditions is compared

to SQM-L measurements for selected locations with known cloud features based

on satellite data. 
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Abstract

Atmospheric aerosols, natural or anthropogenic origin, are important precursions
of incoming radiation scattering. As a result, they have a decisive impact on the
brightness of the night sky. Most aerosol particles are known to have nonspherical
shapes, and scattering properties of such particles can differ quantitatively and
qualitatively  from  spherical  ones,  affecting  the  night  sky  brightness  (NSB)
differently.  The case of the particle  shape nonsphericity  could understand the
disproportions  between  measured  and  computed  NSB,  especially  in  some
scattering directions. 

In this paper, we calculate the NSB using polydisperse prolate spheroids with
various aspect ratios and compare analogous results for spherical particles. The
method based on the advanced T-matrix  approach was chosen for theoretical
computations of light scattering by spheroidal particles. Results indicate that the
particle-shape impact on NSB can be of significant size leading to both positive
and negative amplitudes around the zenith. As a consequence, especially light
monitoring devices like the Sky Quality Meter, usually measuring the night sky
brightness around the zenith, are particularly influenced by this effect. Due to the
frequent relation of the aerosol grains with water uptake, relative humidity on
NSB was also analysed. Finally, various aerosol concentrations and light source
emissions were compared. 
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Abstract

The U.S. National Park Service Night Skies team is making our night sky data

public. The Night Skies team has been collecting data since early 2000s. The

ground-based observations yield the calibrated panoramic images of the night sky

in high resolution from horizon to horizon (Duriscoe et al., 2007). Currently, we

have more than 1,500 sets of night skies images throughout the United States. Dr.

Hung,  the  lead  astronomer  for  the  Night  Skies  team,  will  present  our  new

interactive map online showing all our panoramic images, metadata, observers’

notes, and key night sky brightness metrics. This website is open to the public,

and all the images and associated data will be available for download. 
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Abstract

In  collaboration  with  the  Canadian  Space  Agency (CSA)  and  the  Centre
National  d’Études  Spatiales (CNES)  in  the  framework  of  the  STRATOS
program,  we  launched  in  2019  a  dual  DSLR  system  to  observe  the
multiangular and spectral properties of the installed light sources from above
30 km. This system was called High Altitude Balloon Light At Night version 1
(HABLANv1). HABLANv1 was equipped with two Sony A7S cameras. One
camera had a 50 mm lens, assuring the collection of high-resolution images (6
m per pixel). Data, such as multispectral radiance of light points and spectral
type recognition, should be derived from this camera. The other camera had
an 8 mm fisheye lens to allow sampling the light sources’ angular emission
function up to almost 90 degrees from zenith. The cameras were attached to a
gimbal to assure a nadir pointing stability. The balloon took off from Timmins
(ON, Canada). 
The preliminary results from that first experiment were promising enough to
pursue the project with HABLANv2. In this version, we decided to use two
A7S cameras with 24 mm lens, one pointing nadir and the other one tilted by
60 degrees. The two cameras are installed on a stepper motor to scan the
complete downward hemisphere after five rotations. We chose to remove the
fisheye  lens  because  its
resolution was not sufficient
for  our  goals.  HABLANv2
will  fly  over  Timmins  in
August  2022.  During  that
second flight, we will acquire
ground-based  data  with  the
LANcube v2 system on top
of  a  car  in  the  overflown
region.  This  later  dataset
aims to validate the accuracy
of the parameters found with
HABLAN.  The  sky
brightness  will  also  be
sampled from the ground at
many sites with a third A7S
camera  equipped  with  a  24
mm  lens  mounted  on  a
motorizedrobotic  mount.  In
parallel, we are working on a
lighter version of  HABLAN
called  HABLAN-mini  for  usage  with  smaller  platforms  such  as  small
stratospheric balloons and drones. Such a modification will allow flights over
any city. One aim of such an observation system is to detect spectral type and
angular  emission functions  of  light  fixtures  in  order  to  optimally  feed the
Illumina radiative transfer model. 
This paper will  focus on a description of the HABLAN system and flights
along with some preliminary results obtained from the HABLANv1 flight and
a drone flight with the HABLANv2.

Figure  1:  Image  of  Timmins,  Canada,  acquired  with  the  A7S
camera with the 50 mm lens at 33 km altitude. The image was
taken in August 2019 during a STRATOS flight managed by the
Canadian Space Agency.
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Abstract

One of the pressing needs of basic light-pollution research is the fundamental theoretical treatment

of radiative transfer under arbitrary cloud coverage that normally occurs in nature. The changes to

the night sky radiance patterns we can expect from isolated or clustered clouds have never been

predicted because the fundamental theories are missing. However, the cloud field is an integral part

of the atmospheric system, so the modelling of a cloudy atmosphere is needed in order to explain a

huge number of observations that fundamentally differ  from those made under ideal,  cloudless

conditions. 

Here we develop for the first time a model of the night sky radiance / luminance for arbitrary

cloud configurations (see Figure 1 below). An inhomogeneous cloud field is characterized by cloud

sizes,  shapes,  types  and  base  altitudes;  fraction  of  the  sky  obscured  by  clouds;  and  spatial

arrangement  of  clouds  which might  be  fully  random or  have some preferred structures.   Our

solution extends the model we previously derived for the daytime atmosphere (Solar Energy 86,
3575-3586, 2012 and Solar Energy 115, 40-51, 2015). The updated model is implemented in the

SkyGlow Simulator software that is now a massively multithreaded application. A beta version will

be released soon for trial tests. We are currently working on a new viewer and graphical interpreter.

To the best of our knowledge, this is the first explicit method for the treatment of cloud fields with

arbitrary cloud morphologies.  It  is  a promising model that has a high potential  to achieve an

excellent match between theory and experiment.  If successful, the model could cast new light on

some  unresolved  problems  associated  with  experimental  observations  that  were  qualitatively

inconsistent with previous theoretical predictions.

Figure 1: Left: An example of a modelled cloud array visualized as seen from above. Right: The

theoretical,  all-sky luminance distribution under the broken cloud array.  The luminance model

input parameters  are  as  follows:  (aerosols)  AOD500nm= 0.25,  Ångström  exponent 1.3,  asymmetry

parameter 0.8, single scattering albedo 0.8, scale height 1.5 km; (clouds) cloud mass factor 0.15,

cloud base altitude 1 km, reflectance 0.46; (light source) A high-pressure sodium light source with a

luminous flux 5.7·106 lm is located a distance 2 km from the observer at an azimuth of 51º.
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Abstract

Computing the all-sky brightness distribution produced by an artificial light source

is a computationally demanding task, due to the large number of sky directions

(pixels) that shall be calculated if an hemispheric map with reasonable angular

resolution is desired. However, it can be expected from basic physical principles

that the brightness in any pair of randomly chosen sky directions shall show some

degree of correlation, what suggests that the actual number of degrees of freedom

of the all-sky radiance could be considerably smaller than the number of pixels

the map shall contain. Some previous attempts to address this issue, by means of

Zernike or  Legendre polynomial  expansions  of  the  all-sky maps,  showed that

huge  dimensionality  reductions  were  indeed  possible  (e.g.  describing  the

information content of  a ~106 pixels  sky map by using only ~102 polynomial

coefficients).  However,  it  was  also  pointed  out  at  that  time  that  classical

polynomial  bases like the ones quoted above were not necessarily  optimal for

describing the hemispheric brightness of the light polluted sky. 

In this work we present an efficient, physically-based analytical expression for the

radiance of the sky due to an artificial light source. This model depends on only

two  parameters,   and  g,  drastically  improving  the  information  compression

attained  in  previous  works.  These  two  parameters  are  closely  related  to  the

attenuation and the overall asymmetry of the atmospheric scattering, respectively,

and they  depend also  on the  scatterer  distribution along the  air  column, the

angular  and  spectral  emission  pattern  of  the  source,  and  its  distance  to  the

observer. Their definite values for any actual atmospheric state and distance to the

source can be assigned by using  approximate analytical  expressions  and/or  by

interpolation  from  numerical  look-up  tables  obtained  by  exact  numerical

calculations involving higher order scattering terms (up to the 5th), specifically

prepared for this work.

Since the contribution of an elementary source to the sky radiance is given by a

simple and easy to calculate analytical expression, the elaboration of actual all-sky

maps for any place of the world is greatly simplified. The calculation reduces to a

simple addition of the radiances produced by the individual sources present in the

surrounding territory.   
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Abstract

Since the development of the urbanization and the increases in nocturnal human

activities for industrial needs, the number of urban lighting has increased sharply,

leading to an artificial increase in natural luminosity. Depending on the number

and characteristics of urban lightings, this light pollution will have an influence at

a great distance from the source of emission, and its impact depends on weather

conditions. This light pollution can affect the performance of surveillance sensors,

operating during the night. The aim of this paper is to describe an urban radiation

model (LaMPEX - (Light and Atmosphere Model for light Pollution Extended).,

for satellite or ground sensors. The spatial resolution may be from kilometers to

meters. City lights can have various types of lighting sources (Sodium lamp, LED,

) and various key parameters, such as lamp height (pole), tilt (luminary angle),…
and the angular intensity profile of the luminary (radiation pattern). This model

has been compared with satellite measurements and various data from papers. The

important point of this model is that it can quickly calculate orders of magnitude

of luminance for several urban lighting configurations.
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Abstract

A very wide-used instrument for  the  measurement  of  the Night Sky Brightness  (NSB) is  Sky

Quality Meter (SQM). It is basically a radiometer, very popular mainly for its low cost. For the

most part, it is used to monitor the quality of the night sky and to evaluate the effect of the

Artificial Light at Night (ALAN). An important issue is understanding how new outdoor lighting

installation and undertaken actions aiming at reducing the effect of artificial night lights affect night

sky brightness. Furthermore, changing in the atmospheric conditions also can modify the effect of

ALAN. Within this frame, the stability of these radiometers is particularly important; variation on

the instrument behaviour, e.g. due to their ageing, could be confused with real variation of the sky

brightness. The long-time trend of a specific SQM of the network of the Veneto Region (Italy) was

presented and analysed in [1].

This work tries to go in details on the quantification of ageing of the SQMs composing the Veneto

network and the SQM installed at La Silla Observatory in Chile. The considered SQMs observe

very different skies in very varied atmospheric conditions and presence of light polluting sources.

The method described in [2] is here used analysing the SQM output both at dawn and sunset; the

study considers all records and should highlight the lack of repeatability of the instruments and

therefore its possible ageing. Figure 1 shows the difference between the model and measured values

for the SQM at Pennar Asiago Observatory of the Veneto network (a) and the SQM at La Silla

Observatory (b), as examples. Asiago is on a plateau facing the Po Valley, the most air and light

polluted area in Italy; on the contrary, La Silla is at the outskirts of the Chilean Atacama Desert,

one of the driest and most remote areas of the world. Data of the Pennar SQM show a clear trend

for  both  sunset  and  dawn  of  -0.007 magSQM arcsec-2 year-1.  For  the  SQM  at  La  Silla,  data

corresponding  to  sunset  show  a  tendency  towards  apparent  darker  sky,  with  a  rate  of

-0.0027 magSQM arcsec-2 year-1, while dawn data show quite no trend. The difference for this last

case could be caused by the different topography in the two directions. In both cases, the negative

changing rates could be attributed to a degradation of the instruments. Furthermore, the work also

deals with the assessment of the uncertainty of these rates for all considered SQMs, and with the

correlations between measured night sky brightness values and aerosol situations.

 
  (a) (b)

Figure 1: Montly data and long-time trends of the  differences between the model and

measured  SQM values  at  sunset  and  dawn for  Pennar  Observatory  (a)  and La  Silla

Observatory (b).

[1] FIORENTIN, P., et al. Instrument assessment and atmospheric phenomena in relation to the night
sky brightness time series. Measurement, 2022, 110823.

[2] PUSCHNIG, Johannes, et al. Correcting sky-quality-meter measurements for ageing effects using 
twilight as calibrator. Monthly Notices of the Royal Astronomical Society, 2021, 502.1: 1095-1103.
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Abstract

DarkSkyLab, a French private company dedicated to delivering services around

the  impacts  of  light  pollution  on  biodiversity,  human  health  and  astronomy

observations, has developed over the years a set of tools to model and measure

light  pollution for  the benefit  of  national  and regional  parks  as  well  as  large

municipalities.  DarkSkyLab  is  also  in  close  link  with  universities  and  public

institutions and participates to specific research programs around light pollution.

A key finding uncovered during the numerous measuring sessions conducted by

DarkSkyLab  concerns  the  importance  of  taking  into  consideration  the

contribution  of  natural  sky  luminance  sources  (Milky  Way,  zodiacal  light,

airglow) so that  average and high-quality  sites  can be correctly  characterized.

Measures performed under pristine skies for more than one year in Chile have

been used to evaluate those contributions and a software has been specifically

developed to properly analyze them. A second finding stresses the need of better

understanding the large variety of cloud cover conditions when performing NSB

measures  (ceiling  height,  density,  etc.)  in  order  to  be  in  a  position  to  fully

evaluate the impact  of light pollution on biodiversity.  To address  this  specific

challenge, DarkSkyLab has developed statistical methods to better characterize

light pollution using both cloudy and clear sky conditions.



AZOTEA citizen science project

Rafael Gonzalez,1 Jaime Zamorano,1,2 Jaime Izquierdo,1,5 Sergio Pascual,1,2 
Lucía García,1 Salvador Bará, 3 Alejandro Sánchez de Miguel, 1,4  Jesús Gallego, 1,2     

Ignacio Hilera, 6 José Luis Navarro, 7 Pablo Otero 5 and Enrique de Ferra 8

1 Depto. Física de la Tierra y Astrofísica, Universidad Complutense, Madrid, Spain 
2 Instituto de Física de Partículas y del Cosmos (IPARCOS), UCM, Madrid, Spain

3 Agrupación Astronómica "Ío", 15005 A Coruña, Galicia
4 Environment and Sustainability Institute, University of Exeter, UK

5 Agrupación Astronómica de Madrid,
 6 Sociedad Astronómica de Álava, 7 Agrupación Astronómica de Cuenca,

 8 Academia de Ciencias, Ingenierías y Humanidades de Lanzarote
 e-mail: rafael08@ucm.es

Abstract

AZOTEA is a project with the initial aim of finding the impact of human activity

by measuring night sky brightness and color evolution during and after the 2020

lockdown in Spain when the economic activity was restricted. The volunteers set

up DSLR or astro-cameras pointing to zenith and obtained sequences of pictures

(RAW mode) along the night, every night. An open Python software has been

developed to obtain statistics over a central region of interest. These values and

the relevant metadata are archived in a database for future analysis. All the results

are open data. 

We present the project, the software and the main results up to now. The project

is  also  useful  for characterizing the impact  of  technological  changes  in public

outdoors  lighting.  For cross-observatory comparison, an absolute calibration is

needed and we show our efforts in this area and work ahead. Our plan is to

calibrate  the brightness  and color  indices  using the 3-band RGB photometric

system.

Figure 1: Night brightness evolution in  Madrid 

from the beginning of lockdown up to December, 2021. 
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Abstract

The  light  pollution  is  increasing  in  many  astronomical  sites.  The  actual

projections for the next future are a rapid increase in the next decades. The effects

on the astronomical observations are mainly a loss of accuracy of photometric

data (reduction of signal-to-noise) and pollution of the spectra. The amount of

light pollution at a given site depends on a number of factors, namely the distance

from the  light  points,  atmosphere properties,  shielding  and altitude above the

luminaries.

In this work we present the results obtained measuring, in a clear and stable nigh,

the sky brightness at different altitudes from the plain of Po Valley, which is at

almost sea level, up to about 1600 m along steep paths cut into the slope starting

from the plain, climbing to Monte Novegno (45 ° 46 'N 11 ° 19' E - 1552 m,

which includes Cima Rione -1690 m), Monte Avena (46 ° 03 'N 11 ° 83 'E - 1454

m) and Pennar Astronomic Observatory (45° 52’ N 11° 31” E – 1050 m). 

We compare the results with a code of light pollution propagation, using the

distance  and  population  of  the  main  urban  centers,  the  concentration  and

distribution of aerosols and in particular the altitude as variable parameters. The

results are compatible with the model within a percentage error of 5.0%, showing

a sharp drop above 400-500 m, and then a flattening, with a lower decrease.  The

difference with respect to the plain sky luminosity indicates that the altitude is a

very important parameter. This is particularly evident in sites with air pollution

and light pollution. The aerosols, responsible for the scattering, are concentrated

in the first  atmospheric layers.  This  result  should take in consideration when

planning  the  development  of  Astronomical  Observatories  or  locations  for

occasional observations with portable instruments.

Figure 1: SQM values in 3D and light pollution map of the Monte Novegno (Vicenza-Italy) transect
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Abstract

In  light  pollution studies  it  is  common to  use  radiometric  (watts  based)  and

photometric (lumen based) magnitudes to quantify the anthropogenic disruption

of the natural night. Whereas this approach is no doubt correct, both conceptually

and computationally, it somewhat obscures the fact that light pollution can be

more  naturally  thought  of  in  terms  of  increased  concentrations  of  photons

(particles per unit volume) in the air and water. This discrete particle picture is

consistent with the fact that the elementary processes of emission and absorption

of light are more conveniently described in terms of basic Einstein-like photon-

matter  interactions  than  by  using  classical  Maxwellian  electrodynamics.  The

atmospheric  propagation  and  scattering  processes  relevant  for  light  pollution

studies are in both cases satisfactorily described by a simple ray optics first-order

uniform asymptotic approach, given the secondary importance of conventional

diffraction effects and the absence of non-linear interactions at the usual levels of

streetlight irradiances.  

Photon number calculations are routinely carried out for quantifying visual inputs

in  animal  vision,  as  well  as  for  assessing  the  inputs  of  other,  non  visual,

photochemichal  transduction  pathways  of  interest  for  physiology,  so  they  are

indeed not completely absent from light pollution research. However, they have

been seldom used as a possible, alternative way of expressing maximum allowed

amounts of artificial light in light pollution regulations. In this communication we

revisit  the  direct  link  between  radiometric/photometric  and  photon  number

magnitudes,  and  recall  the  full  equivalence  between  these  formulations.  The

global  picture  that  emerges  may  facilitate  the  correct  understanding  of  light

pollution  as  a  classical  form  of  atmospheric  (and  water)  pollution,  and  help

updating its regulations by parsimoniously including it in conventional clean air

and water pollution laws. 
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Abstract

Accurate information on port shipping activities is critical for monitoring
global and local traffic flows and assessing the state of development of the
maritime  industry.  Such  information  is  necessary  for  managers  and
analysts to make strategic decisions and monitor the maritime industry in
achieving management goals. In this study, we used monthly night light
(NTL) images of the Suomi National Polar-Orbiting Partnership (Suomi
NPP)  Visible  Infrared  Imaging  Radiometer  Suite  (VIIRS)  Day/Night
Band, between 2012 and 2020, to study the night lights emitted by ships in
ports’ anchorage areas, as an indicator for shipping activity in anchorage
areas and ports. Using a dataset covering 601 anchorage areas from 97
countries,  we  found  a  strong  correspondence  between  NTL  data  and
shipping metrics at the country level (n = 97) such as Container Port
Throughput  (Rs=0.84  **),  and  Maximum  Cargo  carried  by  ships
(Rs=0.66**),  as  well  as  a  strong  correlation  between  the  number  of
anchorage points and the NTL values in anchorage areas across the world
(Rs=0.69 **; n = 601). The high correspondence levels of the VIIRS NTL
data with various shipping indicators show the potential of using NTL data
to analyze the spatio-temporal dynamic changes of the shipping activity in
anchorage  areas,  providing  convenient  open  access  and  a  normalized
assessment method for shipping industry parameters that are often lacking.
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Abstract

Despite advances in measurement techniques and modeling since the first LPTMM in 2013,

there remains a general lack of knowledge regarding the numbers and types of light sources

that make up urban light emissions. While lighting inventories do exist for specific locations,

they are generally restricted to public lighting, and the few studies that have examined the

relative contribution of public street lighting to other light sources have usually found that

public lighting makes up less than half of the total light emissions or skyglow. As part of the

Nachtlicht-BüHNE (Citizen-Helmholtz  network  for  research  on  night  light  phenomena)

project, our group of academic and citizen scientists have developed an app for classifying,

counting, and mapping light sources over large areas.

The Nachtlichter (night lights) app allows project participants to classify outdoor light sources

into one of 18 categories, and then record additional relevant information (e.g. degree of

shielding,  size,  color,  see  Figure  1).  Lights  are  sampled along street  segments,  typically

running from one street corner to another. These segments were pre-defined by the project

team, and completely cover the publicly accessible spaces over specific 15” pixels in the

DNB raster defined by the Earth Observation Group, covering a variety of regions from city

centers  to  residential  areas  and small  villages.  During  the  fall  of  2021,  local  campaigns

collected light source data over a total area of about 20 square kilometers.

This  presentation  focuses  on  the  Nachtlichter project  methodology.  We will  present  the

different light source categories, and explain the process by which we came to select them.

We will briefly show the tutorial that participants completed before taking part in the project,

and discuss the organization of the local campaigns. We will also discuss the steps we took in

order  to ensure the comfort  and safety of  our  participants,  as  well  as  how questions  of

protecting personal privacy shaped some aspects of the data collection. Results  from the

project will be shown in a separate LPTMM presentation.

Characterization of light sources is critical for simulations of skyglow, as well as for remote

sensing applications and understanding the underlying causes of changes in light emissions.

We therefore hope that the Nachtlichter app will play an important role in the next decade of

light pollution studies.



Quantification of light pollution development on national scales by analysis of
natural protected areas

Stefan Wallner,1,2 and Sarah Stidl1

1 Department of Astrophysics, University of Vienna, Tuerkenschanzstrasse 17, 
1180 Wien, Austria

2 ICA, Slovak Academy of Sciences, Dúbravská cesta 9,
845 02 Bratislava, Slovak Republic

tel: +43 1 4277 53841, e-mail: stefan.wallner@univie.ac.at 

Abstract

A very  important  parameter  for  quantifying  the  development  of  light  pollution  in

specific areas or even countries is the light growth rate, indicating an overall increase

or decrease of the amount of light received by detectors. Ground-based observations,

provided by light monitoring networks (e.g., Sky Quality Meters) have shown to enable

small scale analyses of long-term trends with minor areas solely to be characterized in

greater detail. In order to make statements about national policies regarding artificial

light at night, whole country territories must be contemplated. Past studies have shown

that satellite imagery (e.g.,  VIIRS) appear to be the best option to do so. Over a

national scale, this potentially includes areas with high discrepancies in their radiance

values, i.e., urban areas being very bright and rural areas very dark. Furthermore, for

light  emitting  areas,  also  the  spectral  sensitivity  of  satellites  can lead to  distorting

effects on long-term trends as cities continuously undergo lighting changes. With those

impacts in mind, this work concentrates on the question, if only areas with no or

extremely low amount of emitted light can serve as indicators for the light pollution

development in a whole country, as such are usually not producing light themselves

but  suffer  from peripheral  influences.  As  a  first  step,  in  order  to  check  this,  we

analyzed light-trends of all 48 nature parks in Austria over the past decade and check

their trend towards an increase or decrease in radiance values. The trends themselves

were produced by exponential and

polygonal  functions,  showing

minimum deviation between each

other and also providing different

scopes  of  interpretation  for  the

light pollution development of the

recent past. However, data analysis

for  Austria’s  natural  protected

areas  has  shown  to  be  in  good

relation with nationwide statistics,

illustrating  first  signs  of  affirming

the  research  question.  To further

assess the quality of the described

method, other countries distributed globally will  be part of additional analysis and,

wherever possible, ground-based observations will be used as comparison. 
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Abstract

Aerosol particles are important modulators of night sky brightness (NSB) due to

their manifold impacts on spectral and angular properties of scattered light. The

use of artificial light is increasing from one year to the other, additionally many

metropoles all  over the world change their illumination system to newer LED

style  systems.  Although  it  seems  obvious  that  more  emitted  artificial  light  is

causing more light pollution, there are barely any detailed long-term studies about

the  relation  to  meteorological  parameters.  A  connection  between  these

meteorological parameters like air temperature, pressure and humidity, haze, and

aerosols  with  light  pollution  would  improve  not  just  the  knowledge  of  light

pollution in general but would also provide a useful extent of a theoretical sky

brightness  model,  especially  for  predicting  skyglow  conditions  in  the  future.

Moreover, locations for (potential) astronomical observations would profit from

this. Especially in  astronomical research, pristine night conditions are a prime

factor  in  order  to  receive  precise  measurements.  Particularly,  in  the  optical

wavelength scientist strive for cloudless, moonless nights with little to no light and

air  pollution.  On such  cloudless  and  moonless  nights,  light  pollution  can  be

primarily  be effected by particulate  matter,  emitted mainly from low-emission

sources,  especially  in  winter.  ci or  and  Kubala  (2014)  found a  clear  linearŚ ęż
relationship between the concentration of particulate matter and the brightness of

the clear and cloudless  night sky.  Their  measurements were done in Krakow,

Poland, one of the most polluted areas in Europe.  The aim of this work is to

continue at this point and look at various atmospheric elements and the strength

of their impact on NSB. This is possible in great detail by using data of the Upper

Austrian  light  monitoring  network,  constisting  out  of  24  Sky  Quality  Meter

(SQM) distributed over the provincial area, and air quality network. Data can be

traced back to 2015 when the SQM-network was built.  Atmospheric elements

being able to be included are PM10, PM2.5, CO, O3, SO2, H2S, NO, NO2 and

relative humidity. This project is carried out in cooperation with the provincial

government of Upper Austria over the year 2022. 
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Abstract

Remote  sensing  of  the  lighting  systems  properties  from spaceborne  satellite  imagery
represents a major challenge for the light pollution modelling community as long as it
serves as inputs to such models. Unfortunately, the typical resolution of publicly available
night-time satellite images does not allow identification of individual lighting devices.
Also,  the  images  are  panchromatic  and  therefore  it  is  impossible  to  distinguish  the
spectral type of the device. One possibility to overcome both limits is to use images taken
by the astronauts  onboard the International Space Station (ISS).  Some images using
400 mm lens end up with a pixel footprint of about 8 metres which is enough to perceive
distinct lighting systems. The images are captured with DSLR cameras so that the colour
information is available.
It  has been shown by Sanchez de Miguel et al.  (2019 and 2021) that one can both
determine the spectral type and the photopic radiance on each pixel out of the pixel
colours. On such images, one can detect efficiently the light pattern of the ground after
photons  experienced  reflection  process.  In  some  cases,  direct  upward  light  is  also
detected but most of the time these pixels are saturated so that it is impossible to evaluate
their  true  radiances.  If  one  assumes  a  typical  reflectance  of  the  underlying  ground
surface, a Lambertian reflection model and a typical Upward Light Output Ratio of the
lighting device, it is possible to estimate the radiant flux of each device by integrating the
illuminated surface radiance observed under each device. 
In this paper, we use the photopic radiance images of the Canadian cities of Calgary,
Edmonton,  Montréal,  Vancouver  and  Victoria  to  determine  the  lighting  systems'
luminous  flux (lumen).  We also  used a Richardson-Lucy deconvolution algorithm to
transform the observed light pattern of the ground into a single pixel associated to the
total reflected photopic radiance of the lighting system. This allows the localization of the
lighting system responsible for the light pattern. The Richardson-Lucy algorithm requires
an image to process, a point spread function (psf) from this image and the number of
iterations.   In  this  paper,  we compare  the  spectral  type,  the  luminous  flux  and the
position of lighting systems extracted from this method with the lighting system inventory
owned by the city of Montréal.
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Abstract

SQM-LU-DL device is a small, portable and autonomous device for measuring

the brightness of the night sky in visual magnitudes per square arcsecond in one

direction (usually, at the zenith). The SQM’s characteristics help measure light

pollution in places where power and data connection are not possible.

Calidade do Ceo Nocturno is a non-profit organisation which works in Galicia,

Spain.  Calidade  do  Ceo  Nocturno  measures  the  brightness  of  the  night  sky

throughout the region with the help on many persons and three SQM-LU-DL

devices since 2016. Today, Calidade do Ceo Nocturno has measurements of 23

places. In this work discusses the challenges and the results of six years of work

and collaboration with different people and organisations to do a Galician’s light

pollution map. One case of this, which is covered in more depth, is the next:

The Cotobade Astronomical Observatory is located in the province of Pontevedra,

in Galicia, Spain, with cities at a distance of 25Km (Pontevedra), 50Km (Vigo),

60Km (Santiago de Compostela) and 70Km (Ourense). In the observatory there is

no  power  line  and  the  budget  is  allocated  to  exclusively  astronomical

instrumentation. In this situation, the collaboration between the collective to fight

against light pollution Calidade do Ceo Nocturno and the Sirio Astronomical

Association that manages the observatory to monitor the brightness of the night

sky  is  important.  Key  to  this  is  the  use  of  an  SQM-LU-DL meter  and  the

subsequent  analysis  of  these  measurements.  This  work presents  the  data  and

conclusions of three measurement campaigns (2017, 2019 and 2021) whose data

were analyzed with a proprietary program written in GNU Octave. To improve

the analysis of the measures taken, they are contrasted with the meteorological

data of a nearby station belonging to the public meteorological service of Galicia

Meteogalicia.
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Abstract

The  horizontal  irradiance  at  the  sea  surface  is  an  informative  light  pollution

indicator to study ALAN effects on marine biodiversity (e.g.: zooplankton diel

vertical migration). The Posch ratio (PR) for the horizontal irradiance (that is,

the ratio of the horizontal irradiance to the zenith radiance) is a useful tool for

estimating the irradiance from easily available measurements of the zenith night

sky  brightness.  The  PR  definition  can  be  generalized  for  any  pair  of  linear

radiance indicators in any pair of arbitrarily chosen photometric bands, and can

also be applied to estimate e.g. the average sky radiance or the radiance at some

elevation above the horizon as a function of the radiance in any other direction of

the sky. The PR for a single light source depends on the distance from the source,

its angular and spectral emission pattern, and the state of the atmosphere. The PR

for any set of sources is a linear combination of the individual PRs that each one

would produce separately, with weights that can be easily derived from the relative

contribution of each source to the zenith radiance. Whereas in populated lands

the ALAN  PR varies relatively fast from one location to another, due to the

particular spatial distribution of lights, in coastal waters and the high seas the light

pollution PR is a smooth function of the distance to the shoreline, due to the

progressive lack of neighboring sources and the absence of obstacles. In this work

we present the fundamental equations of the model and an example of application

for  the  waters  surrounding the Iberian Peninsula,  North Africa  and the  West

Mediterranean islands.  
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Abstract

Retrieving  City  Emission  Function  has  long  been  a  challenge  for  the  light
pollution study domains due to lacking of observation data. In remote sensing
community,  observing  the  anisotropy  of  city  light  at  night  is  new  arising
scientific topic, as it can help to improve the night-time light remote sensing
data quality and make full use of it. In this study, the anisotropy of city light was
measured by radiant intensity from multi-angular VIIRS DNB data, compared
to the previous studies which use the radiance for measuring anisotropy. The
VIIRS data is derived from the Black Marble data set produced by NASA. It is
interesting to find that the radiant intensity has shown an approximately linear
decline as the viewing zenith angle (VZA) is increasing from 0 to 60 degrees for
most of the study sites (N>20000) over 14 global cities in different sizes and
forms. The retrieved model for VZA-intensity relationship can ben viewed as
City  Emission  Function.  In  four  U.S.  cities,  the  Change  Index,  the  key
parameter of the anisotropy in our model, has been correlated to three indexes
(i.e.  Blocking  Index,  Average  Building  Height  and  Standard  Deviation  of
Building Height) derived from high resolution LiDAR data, the analysis result
shows  that  the  anisotropy  is  significantly  correlated  to  these  indexes  which
describe  the  urban morphologies.  Although data  uncertainty  and some other
issues still need further investigations, this study indicates that the City Emission
Function can be retrieved from multi-angular observation from the satellite.
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Abstract

The  determination  of  sky  quality  is  often  related  to  the  knowledge  of  the  natural  sky.  Some
recommendations  use the  ratio  of  the  artificial  to  natural  sky radiance or  luminance.  However,  the
spectral radiance of the natural sky changes constantly due to changes in the airglow. In addition, the
intensity  of  oxygen,  sodium and hydroxyl  lines  can  be  different  at  different  locations  since  Earth’s
magnetic field and the atmospheric structure is not homogenous. A survey of natural sky properties taken
in South Africa or Australia may not be relevant at European locations. Moreover, it is hard to find
places not affected by significant light pollution in continental Europe. In our 2021 Central-European
survey searching for an easily reachable dark location, we found a promising candidate for a reference

location: the Sölktäler Naturpark in the Austrian Alps. Natural features dominate the spectrum of the sky
(see figure).

We plan to perform a long term photographic and spectral survey at the Sölktaler Naturpark to study the
natural variation of sky radiance in a Central-European location. In addition, we initiated studies on the
biodiversity of local flora and fauna. We plan an additional measurement workshop in spring 2022 to gain
data during the period less affected by the presence of the Milky Way.

Figure: Night sky spectrum obtained in the Sölktäler Naturpark, in Mössma on 02.11.2021 and the major
components of its fit. The dominant features are the 558 nm green oxygen, the 589 nm orange sodium, the
630 nm red oxygen lines, and the hydroxyl spectral structures at longer wavelengths. 
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Abstract

DSLR and MILC cameras provide a reasonable alternative to night sky measurements. Here we test the
comparability of measurements made with different instruments and cameras. We performed a Monte
Carlo simulation to estimate parameter errors of the conversion factors. We compared the cameras on a
randomly generated set of sky spectra with various natural and artificial components levels. The spectral
base is  obtained from actual  spectroradiometer measurements.  The measurements are consistent with
different versions of the same model and fit within 1% between other cameras (left figure). The dsuG to
photopic L conversion is also tested for the same spectral sample database. The conversion factor depends
on the red-to-green ratio (right figure), making additional corrections possible. With this correction, the
calculated vs real luminance scatter is 0.005, e.g. the conversion can reach the 1% level.
We use  the  results  to  provide  better  estimates  for  the  conversion parameters  and  conversion errors
between different instruments.  These data will  be included in the next version of the digital  camera
measurement software, DiCaLum.

Comparison of the dsuG measurements from different cameras (left) and conversion to luminance (right)
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