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LPTMM 2017 

 

 

The meeting will focus on recent advances in scientific investigations on light 

pollution and its impact on astronomical observations. 

 

The study of light pollution is undergoing a renaissance due to development of high 

performance computers that can significantly reduce the time needed for more 

accurate numerical simulations. Theoretical solutions, numerical modeling, and 

field campaigns represent diverse approaches to the analysis, prediction, and 

characterization of light pollution levels and behaviour. 

 

The meeting aim is to bring together the experts in that field to discuss the current 

state of the art and to formulate new research directions. The conference aim to 

facilitate a more intensive development in this field of research. 

 
 

Topics: 
 

1. Theoretical concepts of modelling light pollution 

2. Numerical tools and simulation experiments 

3. Effects of atmospheric aerosols, clouds, terrain and obstacles on light pollution 

4. Impact of spectral and angular characteristics of light sources and reflecting surfaces 

5. Observational techniques, instrumentation, data, and products 

6. Design and evaluation of dark sky friendly lighting technologies, regulations and outreach 

 

 

 

 

 

 

The meeting takes place at Hotel Terradets, Cellers, Catalonia, Spain. 
 

 

 

 

 

 

 

For further information see the conference home page http://lptmm.org/

http://lptmm.org/
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Programme 

 

Duration 
Session 

talk 
Time Author and Title / Event 

 

 

 

Tuesday, June 27 

 

 

2:30:00 

 
08:30 

Bus departure from Physics Faculty of Universitat de Barcelona on Diagonal Ave - 

Transport provided by conveners 

2:30:00 

 
11:00 Arrival to Cellers, On site registration & room check in  

1:30:00 

 
13:30 Lunch 

0:20:00 

 
15:00 Welcome words from officials 

0:20:00 

 
15:20 Opening talk – Salvador J. Ribas, Miroslav Kocifaj and Martin Aubé 

0:20:00 

 
15:40 Elevator pitch (sponsors gold and silver) 

0:25:00 

 
16:00 

Ariadna Garcia - Evaluating the association between artificial light at night (ALAN) expo-

sure and breast and prostate cancer risk in Spain (MCC-Spain) 

0:30:00 

 
16:25 Coffee break 

0:05:00 E 16:55 Observational techniques, data, and products 1 – Chair: Miroslav Kocifaj 

0:30:00 1 17:00 

Key speaker: Thomas Posch - Long-term measurements of the night sky brightness at 

26 locations in Austria 

0:20:00 2 17:30 Jaime Zamorano - The evolution of the night sky brightness and color of Madrid 

0:20:00 3 17:50 

Henk Spoelstra - Approximate calibration of SQM‟s in the Dutch Night Sky Brightness 

Monitoring Network 

0:20:00 4 18:10 Andreas Hanel - Measuring sky brightness down to the limits 

0:20:00 5 18:30 Li-Wei Hung - Experimenting using a fish-eye lens for monitoring night-sky brightness 

0:20:00 6 18:50 Andreas Jechow - Tracking the dynamics of ALAN with fisheye lens photometry 

0:20:00 7 19:10 

Fabian Kleinsteuber - Satellite composites of artificial light at night: which month is the 

most stable? 

0:20:00 8 19:30 Zoltan Kollath - A mobile laboratory for monitoring light pollution 

0:20:00 9 19:50 Ladislav Komar - A portable sky scanner for measuring extremely low intensities 

0:20:00 10 20:10 Brian Espey - Monitoring of light from urban areas: intensity & colour 

1:30:00 

 
20:30 Dinner 

3:00:00 

 
22:00 Visit of the Parc Astronomic Montsec 

  
01:00 Back to Cellers 

 

 

 

Wednesday, June 28 

 

 

1:10:00 

 
08:20 Breakfast 

0:05:00 
A & B 

09:30 

Theoretical concepts of modelling light pollution & Numerical tools and simulation experi-

ments – Chair: Hector Solano 

0:30:00 1 09:35 

Key speaker: Salvador Bara - Light pollution indoors: spectral modulation of the light 

field by multiple scattering at the walls 
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0:20:00 2 10:05 

Miroslav Kocifaj - Cumulative light emission from heterogeneous light-emitting or blocking 

urban environment 

0:20:00 3 10:25 

Martin Aubé - Hyperspectral capabilities of the Illumina model and its application to the My 

Simulated Sky at Night project 

0:20:00 4 10:45 Salvador Bara - Modal approaches in light pollution research 

0:30:00 

 
11:05 Coffee break 

0:30:00 5 11:35 

Key speaker: Zoltan Kollath - Monte Carlo radiation transfer modelling of light pollu-

tion 

0:20:00 6 12:05 Philippe Deverchère - Night Sky Quality Prediction with a Discrete Light Source Model 

0:20:00 7 12:25 Henrika Netzel - High-resolution map of light pollution 

0:20:00 8 12:45 

Raul Lima - Testing a cloudless model of light pollution propagation on two dark sky re-

gions in Portugal 

0:20:00 9 13:05 

Chris Baddiley - Light pollution modelling, and 5 years of measurements in all weathers at 

Malvern Hills Area of Outstanding-Natural-Beauty, from county conversion to blue rich 

LED lighting. 

1:30:00 

 
13:25 Lunch 

1:00:00 

 
14:55 Networking period - free time - swimming pool 

0:05:00 F 15:55 

Design and evaluation of dark sky friendly lighting technologies, outreach - Chair: Salvador 

Bara 

0:30:00 

 
16:00 Key speaker: Fabio Falchi - A necessary set of rules to abate light pollution 

0:25:00 1 16:30 Ramon Llorens Soler - LEDs for Dark Sky Protected Areas: Spectral Radiance Analysis 

0:15:00 2 16:55 Group photo 

0:20:00 

 
17:10 Coffee break 

0:20:00 3 17:30 Christopher Kyba - Is Earth getting brighter or darker during the “solid state lighting revolution”? 

0:20:00 4 17:50 

Maria del Mar Gandolfo de Luque - LED PC-ambar and light point control a great oppor-

tunity for night 

0:20:00 5 18:10 

Javier Diaz-Castro - Application of LED technology in the protected areas of the Canary 

Islands 

0:20:00 6 18:30 

Andrej Mohar - Improving façade visibility through the luminance contrast and screen op-

timization 

0:20:00 7 18:50 Constance E. Walker - The Quality Lighting Teaching Kit: Reaching for the Stars 

0:20:00 8 19:10 

David Galadi-Enriquez - Beyond CCT: the spectral index system as a tool for the objective, 

quantitative characterization of lamps 

0:25:00 9 19:30 Elevator pitch (posters) - 3 min per speaker 

1:30:00 

 
19:55 Poster session – apéritif, snacks provided 

   
Jaime Zamorano - Measuring night sky brightness with the TESS photometer 

   
Jaume Escofet - The photobiological nightscape: a hyperspectral assessment 

   

Salvador Bara - Estimating the relative contribution of street, domestic, commercial, and 

vehicle lights to the urban night sky brightness 

   

Carlos Tapia - LICA-AstroCalc 

   

Manuel Garcia-Gil - Appraisal of total flux installed of outdoor public lighting in urban are-

as, in function of the population and urban surface 

   

Jérémie Gince - A new multispectral narrow band radiometer for night sky brightness sens-

ing - proof of concept 

   

Hector Linares - First Night Sky modelling of Montsec protected area and its light pollution 

sources 

   

Blas Garrido – Light pollution and color quality: spectral improvement of low correlated-

color temperature LED sources 

2:00:00 

 
21:25 Dinner – Reception 
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Thursday, June 29 

 

 

1:10:00 

 
08:20 Breakfast 

0:05:00 
C 

09:30 

Effects of atmospheric aerosols, clouds, terrain, and obstacles on light pollution – Chair: 

Andreas Jechow 

0:30:00 1 09:35 Key speaker: Salvador Ribas - Interaction of clouds and fog with the measure of NSB 

0:20:00 2 10:05 

Kornel Kollath - Why meteorological community is interested in light pollution monitoring 

and modelling? 

0:05:00 D 10:25 

Impact of spectral and angular characteristics of light sources and reflecting surfaces - 

Chair: Constance Walker 

0:30:00 1 10:30 

Key speaker: Hector Solano - The characterization of the emission function: Perspec-

tives and challenges. 

0:20:00 2 11:00 

Constantinos A. Bouroussis - Assessment of dark sky measurements recorded by instru-

ments with different spectral response. 

0:30:00 

 
11:20 Coffee break 

0:20:00 3 11:50 Catalin Daniel Galatanu - The influence of city lighting on the urban uplight distribution 

0:20:00 4 12:10 

Miroslav Kocifaj - Retrieval of angular emission function from whole-city light sources 

using night sky brightness measurements made on a local meridian from zenith to horizon 

0:20:00 5 12:30 

Alexandre Simoneau - Impacts of a streetlight's conversion to LEDs on sky radiance in Ha-

waii 

0:20:00 6 12:50 

Boris Portnov - Outdoor Light and Breast Cancer Incidence: A Comparative Analysis of 

DMSP and VIIRS-DNB Satellite Data 

0:20:00 7 13:10 

Johannes Puschnig - The night sky brightness at the Stockholm and Vienna University Ob-

servatories 

1:30:00 

 
13:30 Lunch 

0:45:00 

 
15:00 Networking period - free time - swimming pool 

0:20:00 8 15:45 

Brett M. Seymoure - The Country Night and the City Night: Measuring Artificial Light At 

Night With Respect To Different Visual Systems 

0:20:00 9 16:05 Ming Liu - Monitoring and Characteristics Analyses on Urban Skyglow in Dalian China 

0:20:00 10 16:25 

Frantisek Kundracik - The possible sky glow effects of lighting system conversion in the 

City of Tucson 

0:20:00 11 16:45 

John C. Barentine - Skyglow Changes Over Tucson, Arizona, Resulting From A Municipal 

LED Street Lighting Conversion 

0:30:00 

 
17:05 Coffee break 

0:05:00 E 17:35 Observational techniques, data, and products 2 – Chair: Jaime Zamorano 

0:30:00 1 17:40 

Key Speaker: Andreas Hanel - Current techniques and problems involved in measur-

ing the night sky brightness mearurements 

0:20:00 2 18:10 Andreas Jechow - Skyglow over LakeLab – measurements, modeling, implemention 

0:20:00 3 18:30 Laurent Canale - Measuring the driver exposure to the light pollution 

0:20:00 4 18:50 Mike Chapman - Impact of LED streetlight retrofits in South - East Australia 

0:20:00 5 19:10 

Chu-wing So - Performance and Results from the Globe at Night – Sky Brightness Monitor-

ing Network 

0:20:00 6 19:30 Constance E. Walker - Globe at Night Citizen Science: Reaching for the Stars 

0:20:00 7 19:50 Fernando Jauregui - The “graph observers” 

0:20:00 8 20:10 

Manuel Garcia-Gil - Light pollution at the sea: offshore sky glow measurements in the Med-

iterranean coast 

0:15:00 9 20:30 Concluding remarks LPTMM 2019 announcement - Martin Aubé & Miroslav Kocifaj 

0:40:00 

 
20:45 

Focussed meeting - PLN: Pyrennes la Nuit, a new project on Light Pollution in Southern 

Europe - Chair: Salvador Ribas 
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1:30:00 

 
21:25 Dinner 

1:00:00 

 
22:55 Nocturnal walk around the lake 

  
23:55 Back to the hotel 

 

Friday, June 30 

1:20:00 

 
08:20 Breakfast 

0:50:00 

 

09:40 Check out - Free time 

2:15:00 

 

10:30 Transport to Barcelona - Transport provided by conveeners 

0:30:00 

 

12:45 Arrival in Barcelona 

 

 

 

Useful informations 

 
 Wifi id: Hotel Terradets (no password) 

 The timetable will be strictly observed by the chairmen. 

 Prior to your session, upload your files on the conference laptop during a 

coffee break with the help of our technical staff. 

 Posters must be installed before 9h30 on June 28 and have to be removed be-

fore 10h30 on June 30. 

 Conference room will be „Sala Montsec‟, close to Hotel reception in the first 

floor of „Edifici Annex‟ building. 

 Conference room will be locked during lunches. 

 Always keep your identification badge with you to get access to the meals, 

coffee breaks, etc. 

 Dining room is also in „Edifici Annex‟ building but at ground level.  

 There are different areas in the Hotel to do some networking meetings 

(swimming pool, bar, billiard room, etc) 

 June is normally very warm, but remember to take some clothes with you for 

nocturnal social activities 
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1- Evaluating the association between artificial light at night 

(ALAN) exposure and breast and prostate cancer risk in Spain 

(MCC-Spain) 

Ariadna Garcia-Saenz,
1
 Alejandro Sánchez de Miguel

2,3,4
, Martin Aubé

4
 and Manolis 

Kogevinas
1,5,6,7

on behalf of the MCC-Spain study group 

1
ISGlobal (Barcelona Institute for Global Health)-Campus MAR. Barcelona Biomedical Research Park 

(PRBB). Doctor Aiguader, 88. 08003 Barcelona, Spain 
2
Dep. Astrofísica y CC. de la Atmósfera Universidad Complutense de Madrid, Spain 

3
Instituto de Astrofísica de Andalucía-CSIC, Glorieta de la Astronomía s/n, 18008 Granada. Spain 

4
Cégep de Sherbrooke, Sherbrooke J1E 4K1, Canada

 

5
CIBER Epidemiologia y Salud Pública (CIBERESP), Madrid, Spain  

6
Universitat Pompeu Fabra (UPF), Barcelona, Spain 

7
IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain 

 

Abstract 

Background. Night shift work, exposure to light-at-night and the consequent circadian disruption may increase 

the risk of hormone-dependent cancers. 

Objectives. We evaluated the association of exposure to artificial light at night (ALAN) during sleeping time 

with breast and prostate cancer, in a population based case-control study (MCC-Spain), among subjects who 

had never worked at night. We took into account chronotype, a characteristic that may relate to adaptation to 

light-at-night.  

Methods. We enrolled 1219 breast cancer cases, 1385 female controls, 623 prostate cancer cases and 879 male 

controls from 11 Spanish regions, 2008-2013. Indoor-ALAN information was obtained through questionnaires 

and outdoor-ALAN was analyzed using images from the International Space Station (ISS) available for 

Barcelona and Madrid, including data of remotely sensed upward light intensity and blue light spectrum 

information for each geocoded longest residence of each MCC-Spain subject. 

Results. Among participants with information on both internal and external ALAN, exposure to higher levels 

of blue light spectrum (outdoor-ALAN) was associated with an increased risk of breast (adjusted odds ratio 

OR=1.54, 95%CI 1.0-2.4) and prostate cancer (OR=1.90, 95%CI 1.2-2.9) cancers. Overall light intensity 

(outdoor-ALAN) was not associated with cancer risk. Those sleeping in more illuminated bedrooms (indoor-

ALAN) had a higher risk of prostate cancer [OR=2.82, 95%CI 1.5-5.3] while there was no clear association for 

breast cancer (OR=1.19, 95%CI 0.6-2.6). Evening types tended to have slightly higher prostate cancer risks.    

Conclusion. Both indoor and outdoor ALAN, and particularly blue enriched light spectrum, were associated 

with an increased risk of breast and prostate cancer. 
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2- Long-term measurements of the night sky brightness at 26 

locations in Austria 

Thomas Posch,
1
 Johannes Puschnig

2 
and

 
Franz Binder

1 

1
University of Vienna, Department of Astrophysics, Türkenschanzstraße 17 

 

A-1180 Vienna, Austria
 

2
 University of Stockholm, Department of Astronomy, 

Alba Nova University Center, SE-10691 Stockholm, Sweden 

tel: +43 1 4277 538 00, e-mail: thomas.posch@univie.ac.at 

Abstract 

We present an extensive analysis of SQM data collected at 26 measurement sites 

distributed over a large part of Eastern Austria – including urban, suburban, and rural 

locations. Our instruments have been collecting data during 2 ½ years (some of them for a 

longer time). We examine our data on the night sky brightness with respect to 

- changes on timescales larger than one year; 

- seasonal and semi-annual variations; 

- circalunar variations; 

- correlations between light pollution and air pollution (PM 10 values are 

simultaneously recorded at 23 of our sites) 

 

Due to the wide spatial distribution of the measuring sites, we can also quantify the 

decrease of the average night sky brightness with the distance from major cities such as 

Linz. 

We propose new parameters to quantify the amount of light pollution at a given site, 

based on cumulative and annual plots of our data. 

In addition, we present all-sky images for a subset of the 26 locations and their analyses 

for the respective night sky luminance distributions. 
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3- The evolution of the night sky brightness and color of Madrid 

Jaime Zamorano
1
, Alejandro Sánchez

2
, Martin Aubé

3
 and Carlos Tapia

1  

1
 Dept. Astrofísica y CC. de la Atmósfera, Universidad Complutense de Madrid,  

Facultad Ciencias Físicas, Madrid, Spain 

tel: +34 913944590, e-mail: jzamorano@fis.ucm.es 

2
 Instituto de Astrofísica de Andalucía IAA-CSIC, Granada, Spain 

3
 Cégep, Sherbrooke, J1E 4K1, Canada 

 

Abstract 

The city of Madrid, an urban area with high light pollution levels, has been modifying the 

street lighting during the last years with the aim to reduce energy consumption and light 

pollution.  The goal is to replace all the high pressure sodium street lamps with LED 

3000K lamps. The astronomical observatory of the Universidad Complutense de Madrid 

is located inside Madrid.  Several instruments have been monitoring the astronomical 

quality of the nocturnal sky including SQM photometers, the AstMon all-sky 

astronomical camera, and the SAND spectrograph, taking data along the night, every 

night. To estimate whether the Madrid retrofit yields a measurable change in light 

pollution, we analyze the sky brightness data series.  As a first approach, we can estimate 

the evolution of the zenithal sky brightness with the SQM data, whose broadband does not 

provide color information. Fortunately, we can determine the color evolution with the 

AstMon camera that observes in the Johnson B, V and R astronomical bands. Moreover, 

the data obtained with SAND furnish detailed spectral information of the evolution of the 

type of lamps whose light is producing the skyglow of Madrid and their impact in the sky 

brightness. 
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4- Approximate calibration of SQM’s in the Dutch Night Sky 

Brightness Monitoring Network 

Henk Spoelstra 
1
, Wim Schmidt 

2 

1
 NachtMeetnet Nederland 

tel: +34685629749, e-mail: henk.spoelstra@lightpollutionmonitoring.net  
2
 NachtMeetnet Nederland 

tel: +31623298136, e-mail: wim.schmidt@sotto.nl 

 

Abstract 

NachtMeetnet operates a night sky brightness monitoring network in the Netherlands. 

Data are available starting from 2009. At present 8 SQM devices in different locations 

monitor the night sky brightness all year around. The locations are spread out over the 

Netherlands from nature parks to centers of big cities. A number of SQM’s are already 7 

years at one and the same location. 

Almost every year an intercalibration SQM campaign has been performed in which also 

calibrated photopic luminance meter (Digilum) participated. This luminance meter is 

calibrated at the factory annually. 

Through the comparison of the SQM intercomparison data with the Digilum a method 

was developed to calibrate the SQM’s against the Digilum. We will present the different 

methods of calibration, the difficulties and possibilities. With the chosen method the 

annual decrease in SQM response can be determined, thereby it becomes possible to 

detect trends in night sky brightness at the several locations. 

 

 

 

 

 

 

  

mailto:henk.spoelstra@lightpollutionmonitoring.net
mailto:wim.schmidt@sotto.nl
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5- Measuring sky brightness down to the limits 

Andreas Hänel
 

Museum am Schölerberg, Osnabrück 49082, Germany
 

tel: +49 5600326,  e-mail: ahaenel@uos.de 

Abstract 

Measurements of sky brightness in dark regions sometimes show very large variations 

which could not be attributed to the Milky Way or the zodiacal light. We try to find 

solutions how one can get more accurate values of the sky brightness by using 

photographic techniques with different filters (eg. lightpollution reduction filter) to 

determine and reduce the contribution the influence of the airglow. The instrumentation 

and first results will be described. 
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6- Experimenting using a fish-eye lens for monitoring night-sky 

brightness 

Li-Wei Hung,
1
 Bob Meadows,

1
 Damon Joyce,

1
 and Kurt Fristrup

1 

1
 National Park Service, 1201 Oakridge Dr., Suite 100, Fort Collins, CO 80525, USA

 

tel: +1 970 267-2196, e-mail: li-wei_hung@nps.gov 

Abstract 

The US National Park Service (NPS) is committed to protecting the natural darkness of 

the night sky for natural, cultural, educational, and visitor experience reasons. Monitoring 

light pollution is an essential component for this preservation effort. Currently, we use 

wide-field CCD cameras to obtain whole-sky mosaics through ground based observations. 

These camera systems, however, might not be suitable for being used as long-term 

monitoring tools due to their scalability, affordability, portability, and complexity. As a 

result, we are exploring the option for using a fish-eye lens on a commercial camera as an 

alternative monitoring tool. In this talk, I will provide an overview of our current CCD 

camera system and the future directions with the fish-eye lens. Specifically, I will present 

the preliminary results from our new fish-eye camera and discuss the latest 

accomplishments and challenges on both the hardware and software ends, covering issues 

on the observational techniques, data, and products. 

  



19 
 

 

 

7- Tracking the dynamics of ALAN with fisheye lens photometry 

Andreas Jechow,
1,2

 Salvador Ribas,
3
 Zoltán Kolláth,

4
 Franz Hölker,

1
 Christopher C.M. 

Kyba,
2,1

 and more*
 

1
Leibniz Institute of Freshwater Ecology and Inland Fisheries, Berlin, 12587, Germany 

2
GFZ German Research Centre for Geoscience, Potsdam, 14473, Germany 

3
Parc Astronòmic Montsec, Àger, Spain 

4
Eötvös Loránd University, Savaria, Department of Physics, 9700 Szombathely, Hungary 

e-mail: jechow@igb-berlin.de 

Abstract 

During the 2016 LoNNe/Stars4All intercomparison campaign in Montsec (Spain), the 

ornamental lights in the town of Balaguer were switched off and all street lights in the 

village of Ager were switched on and off. This was repeated for different nights and the 

changes of the night sky brightness were tracked with commercial DSLR cameras and 

fisheye lenses. See figure 1 for the tracking in Balaguer on a night with clear sky. This 

was repeated for different nights also under different weather conditions. Apart from 

measuring towards the zenith, the DSLR cameras were also pointed towards the horizon. 

We will discuss strengths and weaknesses of this method and compare it with other 

measurements (e.g. SQM roadrunner and Digilum). 

 

 

 

 

 

Fig 1. Luminance maps of the night sky brightness in NSU (natural sky units, a linear 

scale with 1 NSU = 0.25 mcd/m²) a) before and b) after the switching off of ornamental 

lights in the town of Balaguer. c) Shows the difference of the images a) and b).  

 

*other participants include: Ramon Canal-Domingo, Guillem Marti, Pol Massana, Henk 

Spoelstra, Jaime Zamorano, Salvador Bará, Constantinos Bouroussis, Andreas Hänel 
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Abstract 

While it is well known that VIIRS DNB data has improved spatial, radiometric and 

calibration characteristics compared to the DMSP-OLS products, the temporal advantage 

of monthly DNB over annual DMSP composite products is less frequently discussed. The 

growing set of high quality cloud free VIIRS DNB monthly composite nightlight data is 

already large, and researchers using night lights products must therefore choose which 

month or months to use for their analysis. This is an important decision that will 

significantly influence results based on night lights products, due to the variability of a 

single site over the course of the year, as well as due to different seasonal trends at widely 

separated sites. This study aims to determine both the most stable period and the most 

stable month for night light analysis in urban areas using DNB cloud free composites in 

the U.S. Three methods are applied to the period of January 2014 to December 2015: 

First, the consistency of each state’s “sum of city lights” (SOCL) in 2015 relative to 2014. 

Second, the stability of the SOCL for each calendar month relative to the two adjacent 

months. Third, the stability of the ratio of states monthly SOCL for all possible state 

pairings.. In most states, summer months cannot be used due to the lack of data in periods 

of twilight near the solstice. Based on the results, we recommend epidemiological studies, 

light pollution studies, and annual time series analyses using the US night lights data use 

only October and September data.  
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Abstract 

A new research centre of the Doctoral School of Environmental Sciences, Eötvös Loránd 

University has been  founded very recently at Szombathely.  The main development at the 

centre is a mobile light pollution monitoring laboratory. The system consists of  digital 

cameras with several lenses. Four sets are available with robotic panorama heads. This 

setup provides high resolution all sky imaging photometry. While the generally used 

single image fisheye imaging provides relatively poor resolution and quality at the 

horizon, this multi image panorama system provides uniform quality for the whole 

hemisphere. The laboratory also includes a high sensitivity spectroradiometer for 

continuous calibration of the digital cameras. We present the parameters of the measuring 

system, the software used to process the panoramic images and our first tests of the 

system. Since the system was built from off-the-shelf components and supplemented with 

open source software, it can be easily cloned. We plan to use the mobile laboratory in a 

nationwide light pollution monitoring and also in international cooperation.  
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Abstract 

Measuring the night sky brightness at different places is a convenient tool to characterize 

the light pollution propagation in a nocturnal environment. To understand the mechanism 

of how the diffuse light spreads in the Earth’s atmosphere it is usually necessary to gather 

the data from many different sites including overilluminated urban/suburban areas as well 

as very dark natural spaces. The light-field measurements are of great interest of city 

planners, lighting engineers, environmentalists, but also biologists mostly because of the 

artificial light can have tremendous effects on our lives, ecosystem, or even acquisition of 

astronomical data. The observations of night sky brightness, however, require specialized 

optical devices operating over several orders of magnitude. Unfortunately, the detectors 

sensitive to extremely low intensities are either expensive or generally unavailable for a 

routine use in an open atmosphere. Currently, we have developed a new photomultiplier-

equipped portable sky scanner with a fast readout and high dynamic range. Such a device 

can measure the diffuse light of a night sky accurately even in dark regions (in national 

parks, mountain areas, or natural places far outside the cities or towns). The automated 

sky scanner greatly benefits from narrow-band filters that allow for obtaining the spectral 

radiance data. The optical signals entering the radiometer are transported to a personal 

computer via optical fiber and further analyzed numerically. Furthermore, the device is 

fully programmable allowing adjustment of the discrete points at the sky, while keeping 

the operation range optimal. The sky scanner is a three-dimensional rotating system with 

two stepper motors inside, while the 2-axis positioning system is supported by the DMX 

signaling unit. A tunable aperture is used to control the instrument field of view. 
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Abstract 

Roughly 65% of the Irish population now lives in urban areas, with 40% of the Irish 

population living in the brightly-lit Dublin conurbation alone. As a result, we have 

continued to focus on the high light output of Dublin City and its effect on its rural 

surroundings. We have extended previous results by extending our work with VIIRS 

DNB by incorporating colour data from the International Space Station to estimate the 

blue light component to which the DNB instrument is insensitive.  

Our results indicate that, across the whole city, the light escaping to space from all 

sources is roughly 65% higher than that due to public lighting alone, rising to equality 

with public lighting within the City Centre region. These new results support our ground-

based measurements which suggest that the city acts as if it is strongly concentrated, with 

very high levels of light (>1,000 times natural) near the City Centre when conditions are 

overcast. 

 

 

We have also made use of the high resolution version of The New World Atlas of Light 

Pollution (Falchi et al 2015) to study the state of Irish skies nationally. Within towns there 

is some variation as shown in the plot above, and we shall present more detailed results at 

the meeting. Of environmental interest is the finding that for sensitive Scientific Areas of 

Conservation, the World Atlas shows that 90% of them lie in regions where the artificial 

sky background amounts to <20% of the natural sky.  

We are currently performing a more detailed study of the Wicklow Mountains National 

Park region and its surroundings using ground-based monitoring using multiple filters, 

including one that approximates the VIIRS DNB response to better match the ground-

based measurements of scattered light with the satellite data. Our aim is to develop a case 

in support of Dark Sky Park status for this sensitive region of upland bog and wild habitat, 

and to help preserve and protect it for the future. By the conference we will have 

completed this seasons’s monitoring of intensity and colour in a number of areas from 

close to Dublin to near-pristine mountain valleys and shall present our new results.  
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Abstract 

Light at night is a known disruptor of human circadian rhythms. The strength of this effect 

on any given physiological, cognitive or behavioral variable depends on a complex set of 

factors that include, among others, the light dose, its power spectral density, the phase of 

the circadian cycle at which light is administered, and the previous photic history of the 

person. For most people the largest exposure to light at night takes place in indoor spaces, 

like homes and working places, where long periods of time are spent on a daily basis 

under artificial lights (~ hours) at relatively high illumination levels (~ 10
2
 lx). These 

effects show a strong spectral sensitivity, and although light of any spectral composition 

can give rise to substantial circadian disruption if the dose is high enough, shorter 

wavelengths are generally more effective than longer ones for this purpose. A sensible 

choice of the spectra of the light sources is then a must, when it comes to designing 

healthy indoor spaces. However, the spectral content of the light reaching the observer's 

eyes in indoor spaces does not depend on the characteristics of the light sources alone: it 

is modulated by the spectral reflectance of the walls (and, in general, of the observer's 

surroundings), and the observer's line-of-sight. High-order scattering terms are 

determinant. This modulation substantially modifies the spectral irradiance recorded at 

any observation plane, in comparison with the one produced by the lamps alone. It may 

induce relevant changes in the photic inputs associated with different types of light 

sources, and provides some interesting capability of controlling the subject exposure to 

different regions of the spectrum. In this work we present a general framework to analyze 

this issue, taking into account the multiple diffuse reflections of the light at the room 

walls, and define two functions of interest for radiometric and circadian studies: the 

effective inverse surface function (EISF), that directly provides the spectral corneal 

irradiance in terms of the spatially- and spectrally-variant bidirectional reflectance 

distribution function of the environment and the spectral flux of the lamps, and the 

irradiance amplification function (IAF), that allows to ascertain how much amplified (or 

attenuated) become the spectral components of the light reaching the observer's eyes in a 

closed space, in comparison with the ones that would reach them if the observer were 

looking directly at the same source in an open place. We describe an analytical solution 

for a closed space of simple geometry, and present the results of the experimental 

determination of these functions using spectral irradiance measurements carried out in an 

indoor facility. This approach can also be used to evaluate the light field in indoor spaces 

due to the intrusion of outdoor light pollution. The radiometric and circadian significance 

of these findings are discussed. 
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Abstract 

One of the first serious works on radiant intensity function of all city lights dates back to 

Garstang, who developed an empirical formula for city emission function (CEF) based on 

observations in Denver, Colorado. His model is constructed on a principle of weighted 

contributions of diffuse ground reflection and direct emission upwards. The latter is often 

related to public lighting system, however, the radiative field most typically originates 

from non-trivial superposition of optical signals from whole-city light sources. Despite a 

simple concept and easy use, currently it is uncertain whether Garstang’s CEF (G-CEF) is 

quantitatively reliable for many cities because it most probably overestimates the amount 

of light beams directed at low elevation angles. The photons escaping a light source in 

directions nearly parallel to the ground can be transported at long distances and cause an 

illumination of otherwise dark places. This is why city emission function is decisive in 

correct understanding of the light pollution propagation in nocturnal environment. While 

some progress has been made in the past several years, the CEF still remains poorly 

quantified. Recently, a great effort has been expended to the theoretical modeling which 

resulted in a first generation of CEF that depends on characteristic size and height of all-

city buildings, inter-building distance, prevailing height of light fixtures, characteristic 

distance between light fixtures, etc. The new model addresses a cumulative light emission 

from heterogeneous light-emitting or blocking urban environment and is currently under 

validation. The trial tests on a set of CEFs will be presented by the authors together with a 

few numerical experimentations.    
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Abstract 

Illumina is the most physically detailed artificial sky brightness model, and has been in 

continuous development since 2005 (Aubé et al. 2005). In 2016, many improvements have 

been made to the Illumina code. Amongst them, we now include a simple overhead cloud 

scheme, an improved statistically based blocking scheme for subgrid obstacles, and more 

importantly, a full hyperspectral modeling approach. As well as these additions, code 

optimization has resulted in significant reduction of the execution time.  

We have begun a new project that takes advantage of its new speed and capabilities: all-

sky multispectral modeling for a number of locations worldwide. The resulting data are 

published online as all-sky brightness plots, integrated into the My Sky at Night platform 

(www.myskyatnight.com) as “My Simulated Sky at Night”. By doing multispectral 

calculations for a number of wavelengths, it is afterwards possible to rapidly generate the 

relative sky brightness maps for any combination of lamp technologies. This makes it easy 

to quickly see what would happen if the lighting technology is changed over the 

surrounding area of a given geographical site. The platform was designed as a knowledge 

transfer tool for city managers, lighting professionals, managers of International Dark Sky 

Places, and citizen scientists. In addition to exploring the effects that changes in lighting 

have on all-sky brightness, the platform also allows users to view radiance contribution 

maps that show what the relative importance of nearby sources is (see Aubé & Kocifaj 

2012). 

To maximize the number of sites that can be simulated, we restrict the number of viewing 

angles and spectral bands. As a necessary simplification, some parameters have been 

chosen as constant values all over the world (e.g. lamp and obstacles heights, distances 

between obstacles, the obstacle blocking factor, aerosol optical depth and angstrom 

coefficient, lamp ULOR). In the presentation, examples will be given for some selected 

sites from different parts of the world. 

 

Aubé, M., Franchomme-Fossé, L., Robert-Staehler, P., & Houle, V. (2005). Light 

pollution modelling and detection in a heterogeneous environment: toward a night-time 

aerosol optical depth retreival method. In Optics & Photonics 2005 (pp. 589012-589012). 

International Society for Optics and Photonics. 

Aubé, M., & Kocifaj, M. (2012). Using two light-pollution models to investigate artificial 

sky radiances at Canary Islands observatories. Monthly Notices of the Royal Astronomical 

Society, 422(1), 819-830. 
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Abstract 

The all-sky distribution of the night sky radiance can be described in a wide range of 

alternative representation spaces, spanned by orthonormal bases of varying spatial extent. 

Whilst for several applications it is convenient to expand the all-sky radiance in terms of 

localized Dirac-delta distributions (or of its discrete version, the square pixel function), 

other problems are more efficiently handled by using spatially extended bases like, e.g., 

the Legendre or Zernike polynomial sets. An appropriate choice of the representation 

space may be instrumental, among other goals, for achieving a high data compression rate 

with small levels of residual noise, and for reducing the computational load in 

atmospheric propagation problems. The optimum choice of the basis depends on the 

particular features of the all-sky radiance distributions, on the geometry of the radiance 

definition domain, and on the statistics of the night sky brightness at the observing site. In 

this communication several uses of the modal approach in spatial light pollution problems 

are described. Some applications in the time domain are also explored. 
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Abstract 

Recent measurement methods of night sky radiance or luminance (for example with 

calibrated DSLR or MILC cameras), make it possible to detect fine details of light 

pollution related effects. Since such optical remote radiance measurements are highly 

accurate, theoretical models should be at least comparable in accuracy to the observations. 

The most flexible, but time-consuming methods of radiation transfer simulations are the 

Monte Carlo methods. The advantage of such techniques is that nearly arbitrarily complex 

processes can be included in the modelling process, like multiple scattering. Therefore, 

we decided to develop a Monte-Carlo radiation code tailored for light pollution 

simulations. Simultaneous observations from multiple locations provide a possibility to 

reconstruct the 3D luminous intensity or light  field above a settlement. In order to 

interpret the measurements correctly, we modified the local estimation method to 

calculate theoretical data sets that can be used to fit the observations in a quick process. 

We provide the basic methods applied in the numerical code and also present some test 

applications to real observational data. 
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Abstract 

The ability to predict and measure the ecological impact of public lightning is becoming 

increasingly important for state and municipal agencies. Very often, the models used to 

perform this task at a significant scale are either not practical, due to the level of detail 

required for the light sources, or not accurate, with a limited matching of the produced 

maps with the street networks. 

To circumvent these issues, we present an innovative solution which is built on the 

combination of an empirical approach based on Walker's law and the usage of discrete 

geolocated light sources with associated physical parameters. Using this model, a 

software called Otus has been developed to facilitate the production of night sky quality 

prediction maps under different assumptions so that the impact of changes on public 

lightning can easily and quickly be evaluated. Otus is also designed to identify dark 

continuums that complement the traditional ecological corridors used in environmental 

studies. 

Validation of the model is performed by comparing its predictions against in-situ SQM 

measurements and through the development of a portable platform based on an all-sky 

camera. This platform, called Scops, is designed to measure sky quality over the course of 

one or several nights. It dynamically eliminates the Milky Way through a segmented 

astrometric calibration and produces a corrected sky background map that can be 

calibrated against a set of on-site SQM measurements. 
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Abstract 

In 1976 Berry introduced simple model in order to estimate artificial night sky brightness 

caused by light emitted by cities. We presented an improved version of this model. We 

use high-resolution urbanization data. It allows to include in the model light emitted by 

buildings, roads, factories, airports etc. Moreover, the model includes shadowing effect, 

which is an important factor in mountainous areas. 

We compared the resultant map 

to world atlas of artificial night 

sky brightness (Falchi et al. 2016) 

using observations available on-

line via myskyatnight.com 

database. We compared maps of 

different places in Europe, for 

which the biggest number of 

measurements is available. In 

these places, analyse of proposed 

model and world atlas results 

shows that our model is closer to 

observed values of night sky 

brightness. As an exmaple  on 

Fig. 2 we present a comparison 

for neighbourhood of  Torun, 

Poland. Mean squared error MSE 

for world atlas is 0.11, whereas for our model it is 0.04. However, both maps face similar 

problems over high urbanized areas like Berlin. 

In the presentation we present the newest version of the model. The model was used to 

calculate the map of night sky brightness. The resultant map covering Poland is available 

online at darksky.netzel.pl. 

        
Fig. 1: Comparison of models for Torun, Poland 

Fig. 2: Service with resultant map of light pollution over Poland 
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Abstract 

Light pollution (LP) affects Mainland Portugal in accordance to its asymmetric 

demographic distribution. The strongest LP sources are distributed along the densely 

populated coastal line, whereas the interior north and south of the country is still generally 

well preserved due to a much lower demographic density. In the period 2010-2015, on 

selected moonless and cloudless nights, we assessed the skyglow of two dark sky regions 

with a portable SQM-L unit pointed handheld to the zenith during. One of the regions is 

the Peneda-Gerês National Park (PNGG), gradually more affected by the close northern 

coastal line. The other region is the Starlight Tourist Destination Dark Sky Alqueva 

Reserve (DSA), and the measurements taken during the campaigns were used to the 

certification of the DSA. To predict the sky brightness at the zenith on both regions, we 

implemented a light-pollution model for cloudy and cloudless night skies with ground-

based light sources (Kocifaj, 2007), using VIIRS DNB cloud free composites (provided 

by the team of Jaime Zamorano, Dept. de Astrofísica y CC. de la Atmósfera, Fac. de 

Ciencias Físicas, Universidade Complutense, Madrid, Spain) as input source for the 

upward visible and infrared radiance. The predictions from the model compare favourably 

to the data taken in the terrain during our campaigns. We also show the differences 

between comparing the whole data from the period of the campaigns to the predictions of 

the model and comparing the data on a day by day analysis. A comparison with the data 

from the recent New World Atlas of the Brightness of the Night Sky (Falchi et al, 2016) 

will be also presented.  
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Abstract 

The introduction of blue rich colour, Correlated Colour Temperature (CCT) 6000K  road lighting could  increase 

skyglow significantly compared with lower CCT (3000K) temperature types, if the blue content reaches the sky. 

Atmospheric molecular Rayleigh scattering in deep blue is 16 times greater than red.  The highly directional 

properties of LEDs, if fully utilised in luminaire designs, could minimise this, and even result in less light pollution 

to the sky.  

The Highways England (formerly The Highways Agency) have a new policy for lighting specification on motorways 

based on modelling by the author, with a categorised environmental impact based point system of summed 

brightness as a function of angle from vertically down to the cut off angle. This can accommodate LED lighting. 

Further work was carried out on spectral integration of different CCT LED lighting, and for traditional types,  

including human eye response at low light levels. The skyglow caused was minimised when using the new Highways 

England standards or better. Lowering spectral CCT would enhance this. 

Modelling was then done on request by the Malvern Hills Area of Outstanding Natural Beauty  (AONB) authority, 

for the nighttime environmental impact of  the Herefordshire county LED rollout replacement of  low pressure 

sodium programme throught Herfordshire. When this was done with the specific manufacturer’s LED photometric 

data, a reduction in sky glow was predicted, contrary to general expectation.. This was due to the very sharp cutoff 

designs. Tarmac roads, grass and other vegetation reflect and scatter little blue light to the sky.  

A Dark Sky Survey for the Malvern Hills AONB in 2012 formed a base reference. It is entirely rural but bordered by 

hills and towns. For each year since, regular dark night sequential zenith sky brightness monitoring has been carried 

out using a networked calibrated  Unihedron Sky Quality Meter (SQM). There are no luminaires visible from the 

observatory to any horizon. Samples were  compared with photometric all sky camera images, after vignetting 

correction. This covers the period before, during and since the rollout programme (2014-15).  From 2015 the samples 

have been taken at 2 minute intervals continuously on many nights over all seasons. In 2016-17 this has been 

extended to all noted weather conditions which can be used for filtering the analysis. All night time plots proved 

useful. 

The analysis used histograms of the photometric data at each incremental brightness binning level, clear and part 

cloudy nights show to have longer darkest periods than previously by >15%. This depends on cloud and visibility 

conditions near the horizon, which can obscure sources. The criterion was the brightness of the Milky Way and 

background, which was measured;  the fixed SQM is now tilted slightly North to avoid it ever entering the field of 

view. Darkest periods near Zenith after the luminaire changeover, reach 21.2 magnitudes per square arcsecond. 

The angular distribution across the sky follows the changes in luminaire replacements; the colour shift can also be 

seen from the images.  

It would require National adoption for the reduction to be very significant. The zenith brightness is still set by distant 

cities, while towards the horizon, commercial and private uncontrolled non-directional LED lighting now dominates, 

negating the improvements in road lighting. 
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Abstract 

At the light of the new world atlas of artificial night sky brightness that shows how 

pervasive light pollution is, a set of strong rules against ALAN seems mandatory to be 

able to lower this type of pollution. Up to now, even in the territories protected by law, 

light pollution continue to be a problem, often a rising problem. Even the best of the 

enforced laws allow the possibility to increase light pollution, not setting any limit to the 

total installed light flux. In order to restore the night environment to its original condition 

as much as possible, a set of rules was agreed on by CieloBuio, Dark-Sky Slovenia and 

Licht und Nature e.V. associations and was proposed to the European Environmental 

Bureau. 
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The need to protect areas of outstanding natural beauty is commonly recognized in order 

to preserve their biodiversity and the quality of the night sky so that the stars can be 

observed properly. 

Traditional street lighting has certain well known disadvantages that should be kept in 

mind whenever new street lights are to be installed or existing ones refurbished or 

modernized, in order to avoid repeating past mistakes. 

Two of the most frequent problems are light pollution and impact on nocturnal wildlife. 

These issues are directly linked to spectral characteristics of the light sources, and they 

can be easily solved if new technologies, such as Amber or PC-Amber LED lighting, are 

used rationally and professionally. 

In the presentation we will show the keys for selecting the right LED to use in 

dark sky protected areas according to their spectral radiance, the state of the art of this 

technology and we will show some real case studies of installations performed with PC-

Amber LEDs.  
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Abstract 

It has been claimed that at the end of the 20
th

 century, outdoor lighting increased at a rate 

of around 6% per year (Hölker et al. 2010). The VIIRS DNB on the Suomi NPP satellite 

allows (radiometrically calibrated) tracking of annual change of outdoor light globally for 

the first time. We use the DNB to examine how lighting changed between the October 

2012 and October 2016 monthly composites. Both the “lit area” and the radiance of lit 

areas are examined on the national and global scale. 

These data are discussed in the context of the “solid state lighting revolution”, which has 

resulted in many LED streetlight conversion projects worldwide. In particular, we focus 

on the hypothesis of a large rebound effect for lighting (Tsao et al. 2010, Kyba et al. 

2014), the concept of an “environmental Kuznets curve” for outdoor light (Stern 2004), 

and consider the consequences the spectral change associated with such lighting has for 

our analysis (due to the DNB lack of sensitivity in the 400-500 nm range), and for the 

environmental problem of light pollution. 

 

Hölker, F., Moss, T., Griefahn, B., Kloas, W., Voigt, C. C., Henckel, D., et al. (2010). The 

dark side of light: a transdisciplinary research agenda for light pollution policy. Ecology 

and Society, 15(4), 13. 

Kyba, C. C. M., Hänel, A., & Hölker, F. (2014). Redefining efficiency for outdoor 

lighting. Energy & Environmental Science, 7(6), 1806-1809. 

Stern, D. I. (2004). The rise and fall of the environmental Kuznets curve. World 

Development, 32(8), 1419-1439. 

Tsao, J. Y., Saunders, H. D., Creighton, J. R., Coltrin, M. E., & Simmons, J. A. (2010). 

Solid-state lighting: an energy-economics perspective. Journal of Physics D: Applied 

Physics, 43(35), 354001. 
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Abstract 

The speech wants to share the Case study of a massive replacement of lighting in Los Rea-

lejos, a medium sized Municipality (40.000 people) located in the North of Tenerife, the 

largest of the Canary Island´s. In the skirts of Mount Teide (3.718 m), los Realejos, is in the 

surroundings of a world class location for Astrophysics studies. The lighting of Los Rea-

lejos affects also La Palma, a world class site for Astrophysics studies.  

 

The IAC (Canarian Astrophyiscs Insitute) has established very strict regulations whereby 

all municipalities surrounding Tenerife North and La Palma should be very conscious 

around light pollution.  

Los Realejos have made a massive change of lighting showing how the combination of PC 

Ambar LED Technology and light point control can fulfill all the needs of astrophysics, 

citizens, municipal government and the ESCO that is in charge of the renovation and 

energy management. Los Realejos has been the first Municipality to accomplish a change 

to this technology widely (6500 light points) all the benefits in different areas (economic, 

environmental, operational, comfort…) will be explain during the speech. 
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Abstract 

The LED technology is analyzed from the spectral point of view and in order to apply the 

criteria established by the Sky Law of the Canary Islands (Law 31/88). This protection 

criteria has been deducted with the preludes to be technical and economically viable. The 

different requirements for Pure Amber, Amber (PC Ambar) and white LEDs will be 

explained in the areas protected by this Law, near nocturnal Astronomic Observatories. 

The pure amber LEDs, being the ideal ones, have a limited viability due to their low 

efficiency, so the use of Amber type, with greater efficiency, gains ground in the 

protected areas, its greater spectral width is compensated demanding greater utilance 

requirements and low light levels. New Super Warm LEDs (2200ºK) are also study for 

singular areas. 
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Abstract 

 

The architectural lighting represents an important source of light pollution, due the 

tendency to increase the beautification of the historical sites. Designing is traditionally 

based on illuminance or luminance of the façade, but the objective to reduce the light 

pollution is neglected. In the worst situation, the luminance of the façade is increased to 

maximum, without limitation. An immediate consequence is the luminous flux spill to the 

sky. Searching for a solution, the paper proposes to use the contrast of luminance as the 

main indicator for the visibility of the façade. To realize a lighting system with high 

contrast of luminance, a better control of inter-reflections on the complex geometry of the 

façade is necessary. This facility is available in many specialized software (DIALux), but 

for some particular situation, on site tests are necessary. When tests are not feasible, other 

tools must be developed. MATLAB gives the possibility to analyze the reflection between 

some particular surfaces, without any approximation (as in DIALux). Supplementary, the 

luminous flux forfeit to the sky could be calculated. This is a supplementary objective, 

based on author’s best practice in the field of using a screen associated to the projectors 

aiming towers or churches. Designing a particular shape for a screen is difficult when the 

luminaire emissive surface is relatively wide. In this case, position of the screen and the 

shape of cutting up must be optimized. DIALux has limits in solving this kind of problem, 

and authors were forced to develop an original approach. These methods could be very 

useful for designing architectural lighting, with a higher visibility of the façade due the 

use of contrast of luminance, and lower light pollution due the optimization of the screens. 
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Fig. 1. Workshop in the Canary Islands on the Quality Lighting 

Teaching Kit at the Starlight, Beyond Light Pollution workshop 

attended by astro-photographers, local teachers, astronomers and 

staff from the La Palma Office of Tourism. Image Credit: 

Valentin Grigore, SARM 
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Abstract 

 

Poor quality lighting not only impedes astronomy research and our right to see a starry 

night sky, but creates safety issues, affects human circadian sensitivities, disrupts ecosys-

tems, and wastes billions of dollars/year in energy consumption. It also leads to excess 

carbon emissions. How do you change the mindset of society that is used to turning night 

into day?  You educate the next generation on quality lighting. 

As an outcome of the International Year of Light 2015, the U.S. National Optical Astron-

omy Observatory’s Education and Public Outreach group has produced a Quality Lighting 

Teaching (QLT) Kit. The kits are designed around problem-based learning scenarios. The 

kit’s six activities allow students to address real lighting problems that relate to wildlife, 

sky glow, aging eyes, energy consumption, safety, and light trespass. The activities are 

optimized for 11-14 year olds but can be expanded to younger and older.  All materials 

are in both English and Spanish. Most of the activities can be done within in a few 

minutes during class or afterschool and as stations or as stand-alones. Everything you 

need for the six activities is included in the kit. Tutorial videos on how to do the activities 

can be found at www.noao.edu/education/qltkit.php.  90 out of 100 kits have been distrib-

uted in 32 countries to SPIE–The International Society for Optical Engineering, CIE–

International Commission on Illuminations, OSA–The Optical Society, IDA–the Interna-

tional Dark Sky Association, and the IAU OAD–Office of Astronomy Development. Suc-

cessful feedback is promoting a choice between commercializing the kit or gaining further 

grants to build more kits. The plan is to distribute kits to observatories around the world. 
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Abstract 

The correlated colour temperature (CCT) is a semi-quantitative system that roughly 

describes the spectra of lamps, giving the absolute temperature (in kelvins) of the 

blackbody that, according to the perception of the human eye, would have a hue more 

similar to that of the light emitted by the lamp. In the old times of black bodies as lighting 

devices (incandescent bulbs of any kind) this approach had some meaning, even from a 

quantitative point of view. But the spectral diversity of modern lamps displays many 

spectral energy distributions, all of them extremely different to those of black bodies, 

what makes CCT a far from perfect descriptor. Thus, the two ways we have up to now to 

describe the spectral properties of lamps are in the two extremes: the qualitative fuzziness 

of CCT, or the cumbersome numerical power of having the whole spectrum, with no 

middle points. The spectral index system presented in this work targets exactly this 

middle point, providing an accurate, objective, quantitative procedure to characterize the 

spectral properties of lamps, with just one or a few numbers. The system is in fact an 

adaptation to lighting technology of the classical procedures of multi-band astronomical 

photometry with wide and intermediate-band filters. The selection of relevant spectral 

bands (photopic, scotopic, circadian, low- and high-pass, etc.) leads to what an 

astronomer may call a “photometric system”. The spectral index system is extremely easy 

to implement from the spectral data that are already routinely measured at laboratories. 

Thus, including this kind of computations in the standard protocols for the certification of 

lamps would be really straightforward, and would enrich the technical description of 

lighting devices. 
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Abstract 

The TESS photometer has been designed to measure night sky brightness and cloud cover 

from fixed monitor stations to evaluate the evolution of the sky brightness. Its bandpass is 

extended to the red, i.e. it is wider than that of the SQM. TESS estimates the cloud 

coverage thanks to an infrared sensor.  The photometer connects to a router via WiFi to 

send the measures to a data repository using IoT protocols. We describe the first year of 

measures with the first units. A dozen of photometers have been taking data side by side 

with SQM photometers to compare with the SQM in dark locations, but also in urban 

areas with brighter skies.  The offset between both photometers depends on the spectra of 

the nocturnal sky as the TESS covers completely the HPS emission lines around 590 nm. 

The dependence of this offset with color has been tested using the AstMon camera, that 

observes in the Johnson B, V and R astronomical bands, at the astronomical observatory 

of the Universidad Complutense de Madrid which is located inside the polluted area of 

Madrid. The photometer optical properties have been characterized using an optical work 

bench. The field and laboratory test have shown that TESS is a reliable photometer that 

could help to evaluate the status and to record the evolution of the night sky brightness. 
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Abstract 

One of the most remarkable features of modern cities is the strong concentration and wide 

variety of artificial light sources that illuminate their nights. Streetlights, residential and 

commercial windows, high luminance billboards and displays, car headlights, and traffic 

signs, contribute together to creating a complex light environment which, beyond serving 

more or less successfully some basic human needs, is a source of light pollution and poses 

significant challenges for natural life. Although the urban biodiversity is dramatically 

reduced in comparison with the one thriving in natural spaces, cities are home to a number 

of animal and plant species that play a non-negligible role in the urban ecosystem and 

interact with humans in a diversity of ways, in some cases as disease vectors. The 

spatially-resolved urban lights can also disrupt the natural darkness of the night in 

extended areas of the city outskirts. Light interacts with living organisms in a wide variety 

of ways, and its photobiological effects include, among others, the photosynthesis, 

photomorphogenesis, circadian entrainment, and visual processing. Any meaningful 

description of the urban environment at nighttime must provide information on the spatial 

distribution, spectral content and time course of the light stimuli, including the light 

sources themselves as well as the light reflected from artificial structures, like buildings 

and pavements, and static life forms, like grass and trees. Hyperspectral imaging is the 

technique of choice for a comprehensive characterization of the spatial and spectral 

properties of the urban nightscape, with temporal bandwith only limited by the time 

required to perform a full 360° scan (~ mins). In this work we describe the use of a 

hyperspectral camera to evaluate several photobiological functions relevant for animal 

and plant life, and report the results of a measurement campaign carried out in the streets 

of downtown Barcelona. 
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Abstract 

Streetlights are not the only light pollution sources: domestic, commercial, and vehicle 

lights also contribute in a non-negligible amount to build up artificial skyglow. Assessing 

their relative contributions is crucial for modelling light pollution effects, making 

informed decisions on public and private lighting, and designing light pollution 

remediation strategies. From this knowledge, specific mitigation measures to reduce the 

unwanted skyglow produced by each of these sources could be devised, taking into 

account the complex interplay between the various factors (physical, ergonomic, 

socioecologic, and economic) involved in this problem. We describe in this work an 

observational approach for estimating the order of magnitude of these contributions, based 

on the analysis of the time course of the urban night sky brightness in clear and moonless 

nights. The zenithal night sky brightness observed under these conditions from urban sites 

with moderate to high light pollution levels can be decomposed as a linear combination of 

a set of basic functions that encode the time course signature of each type of artificial 

source. Their relative weights can be estimated using suitable fitting algorithms. The 

required basic functions can be determined using a priori available information (as, e.g., 

the dimming schedule of public streetlights), or by direct measurements made from 

representative urban sites (by means of, e.g., DSLR time lapse imaging photometry). 

Preliminary results are shown. 
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Abstract 

A new software (LICA-AstroCalc) to compute the CRI, Melatonin suppression index, 

coordinates XYZ, etc of the lamps spectra is presented. We show the results when applied 

to the LICA-UCM spectral lamps database that has been build with spectra of street 

lamps. LICA-UCM database covers a wide range of lamps types: LEDs, high and low 

pressure sodium, metal halide, ceramic metal halide, etc. Our software includes a database 

of spectra from computers, tablets and mobile phones screens with different CCT to 

calculate the melatonin suppression index. Also included is a database of quantum 

efficiency of several CCD consumer grade cameras and DSLRs. Finally, a complete 

information of transmission of filters used by amateur astronomers is included. The user 

can upload their spectra to LICA-AstroCalc to made all these calculations. The software is 

freeware. 
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Abstract 

In order to assess the magnitude of a source of light pollution, it is necessary to know the 

factors that  characterize such pollution. That is, knowledge on the amount of radiation, as 

in its emission function, or on its spectral composition is needed. The first factor can be 

determined by the known Walker Number or Garstang Number, which assigns the value 

of about 1000 lumens per inhabitant in a city, or other values, according to the knowledge 

of the light sources. 

 

This work proposes multiple linear regression model, based not only on a city’s 

population but also on its urban characteristics, to determine the total flux installed in 

outdoor street  lighting (Streets, squares, etc.). This approach aims for a more accurate 

determination of the total flux installed and it is observed that, although the total flux 

value depends on the population, the most determinant factor is the urbanized surface, and 

its typology. 

Specifically two statistical models are proposed: one that takes into account the urbanized 

surface of a town and its population, and another model that also takes into account the 

typology of the urbanized area (high density residential, isolated residential housing, 

services, etc.).  
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Abstract 

We report the design and first implementation of a new device intended to sample the 

multispectral properties of the night sky. The device is a filter wheel photometer using 12 

narrowband interference filters and one clear window in front of a SQM-LE sky quality 

meter.  The system can then measure the standard SQM sky brightness along with sky 

radiances at many wavelengths. The filters central wavelength have been selected in a way 

to capture the most common artificial spectral lines coming from high intensity discharge 

(HID) lamps and nearby sky continuum. Given this mix of selected wavelengths it is 

possible to separate the line emissions from the underlying background allowing to 

distinguish between artificial HID, LED, and star background contributions.  

The photometer will be attached to a robotized mount for hemispheric measurements of 

the night sky. All the system is controlled from a raspberry pi computer. The photometer 

can be operated either in an automatic or in a manual mode. It can be configured remotely 

using a simplified version of the SAND spectrometer software package. In its first version 

the photometer will be more suited for urban or peri-urban environments. Some 

preliminary results will be presented. 
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Abstract 

The study on Light Pollution and its effects is taking a new perspective with the 

combination of different kind of measurements with modelling of light propagation and 

how it affects the night sky quality.  

We have established the first night sky modelling of Montsec area, an astronomical 

protected area labelled as Reference Point in Catalonia and certified as Starlight Reserve. 

To do so we have evaluated which and how the main light pollution sources are affecting 

Montsec night sky, in particular the effect of Lleida, the biggest city in the area.  

The model used is the Illumina model developed by the group of M. Aubé [1]. This model 

requires a detailed input of the surrounding area such as topographic information, a 

detailed inventory of the lights with its features inside the region of study and information 

about atmospheric conditions of different scenarios. Many already available ground based 

data obtained at Montsec and other areas of Catalonia [2,3,4]  - including both, 

photometric and spectroscopic data – has been used to fit and evaluate the parameters of 

the models. 

As a final product, the study allows a detailed comparison between different inventory 

scenarios, including the real one, in order to measure the effects that different kind of 

lights can produce. This information will be used to plan for future updates and 

improvements of the lights in the area. 

References: 

[1] Aubé, M. ILLUMINA: http://cegepsherbrooke.qc.ca/~aubema/index.php/Prof/IllumEn 

[2] Ribas, S.J. 2016 PhD Thesis, Univ. Barcelona (available upon request) 

[3] Ribas, S.J. & Canal-Domingo, R. 2015 Seguiment de la qualitat del cel nocturn del 

territori Starlight del Montsec i zones veïnes. Parc Astronòmic Montsec & Generalitat de 

Catalunya (available upon request) 

[4] Torra, J. et al 2014. Informe del treball "Avaluació de la qualitat del cel nocturn a les 

demarcacions de Barcelona i Tarragona". Universitat de Barcelona & Generalitat de 

Catalunya (available upon request) 
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Abstract 

LED technology has finally broken into the world of lighting, opening up a huge field of 

unprecedented opportunities. New light sources have been developed combining different 

types of LEDs. The combination of these light sources enables an accurate modulation of 

their emission in a single package, providing spectra that may be suitable for use in open 

spaces. The spectral characteristics allow minimizing the impact in light pollution and, in 

turn, having a good performance at the level of chromatic reproduction. The accurate 

selection of different types of LEDs, very low correlated-color temperatures (CCT) can be 

achieved with moderately high chromatic reproduction index (CRI). In particular, by 

using a simple light source that combines a warm white and red LEDs, it is possible to 

achieve CCTs very close to amber LEDs (1000 - 1500 K) with the advantage of having 

much higher CRIs (> 80) with only a small amount of blue emission. Using more 

advanced configurations this later emission can be avoided, although the complexity the 

optoelectronic design of the system grows enormously. 
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Abstract 

Light emitted or reflected up to the sky can interact with clouds or fog changing Night 

Sky Brightness (NSB) evaluation in comparison with clear skies situation. So the 

evaluation of NSB in any place can be affected by this meteorological features and needs 

to be analyzed. To evaluate this effect is required to use a good set of data of NSB, in the 

case described data obtained with the Catalan Light Pollution Network (XCLCat) of Sky 

Quality Meters have been used. 

The combination of NSB data with cloud coverage data is a critical step to evaluate this 

interaction. For this purpose, data of ceilometer devices have been used in combination to 

get completely independent information of this meteorological parameter. It is well 

known the effect in urban areas of increasing the NSB linked to the presence of clouds 

and fog. But just few studies have analyzed the situation in dark skies areas, so results of 

both cases in Catalonia sites will be discussed. 

If it is well identified the effect of clouds and fog in NSB, it is possible to develop an 

inverse procedure to evaluate cloud coverage starting from simple NSB measurements 

and their evolution during the night. The definition of some possible parameters to 

determine the cloud coverage from NSB will be discussed and how this method could be 

applied in different locations and in different cloud coverage situations. 
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Abstract 

Monitoring of atmospheric composition and operational weather analysis and forecasting 

are based on assimilation of diverse measurement data. Observation of clouds is mainly 

based on satellite images. Considering the user needs, there are very limited number of 

ground based observations of clouds (cloudiness, cloud type, base height). Meteorological 

visibility is also available only from some places. Data from sky camera systems could be 

a new source of information in meteorological and environmental analysis (clouds, 

visibility, air quality). 

In an ideal case, sky camera systems installed for meteorological purposes could 

simultaneously monitor light pollution and vice versa. Night sky monitoring devices 

installed for light pollution measurements could also have meteorological observation 

value at night. However, correct interpretation of the data should be validated by radiation 

transfer calculations. We demonstrate how supplementary modelling help in the 

processing of observations and we present case studies in which meteorological 

parameters could be derived from night sky camera imagery. We will focus on the base 

height of low-level overcast clouds because it is a critical parameter in aviation 

meteorology and usually there is a lack of observational data. We will generally discuss 

the problem about how light pollution and meteorological monitoring could be handled in 

a parallel way. 
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Abstract 

In order to understand the night sky radiance generated by the light emissions of 

urbanized areas, various approaches have now been developed by different researchers. 

The distribution of the radiant intensity, as a function of the zenith angle, is one of the 

most unknown properties on modelling skyglow due to the collective effects of all 

artificial radiation. The emission function is a key property in characterizing the sky 

brightness under arbitrary conditions, therefore is equally required by modelers, 

environmental engineers, urban planners, light pollution researchers and experimentalists 

who study the diffuse light of the night sky. The emission function normally considers the 

public lighting system, which is in fact the main generator of the skyglow. However, 

another class of light-emitting devices are gaining importance since their overuse and the 

expansion of cities. Hence, it is necessary to analyze the contribution of headlamps, 

billboards and windows to the brightness of the night sky. This presentation addresses the 

following:  

1. What is the emission function?  

2. The importance of the emission function. 

3. Which are the factors involved on the characterization of the emission function?  

4. Is it public lighting the main factor to consider? 

5. Future scopes. 
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Abstract 

Light pollution assessment is commonly involving measurement of dark sky. The current 

trend in light pollution assessment is to monitor the dark sky condition using instruments 

of different types. The most common instruments are the Sky Quality Meters (simple 

handheld meters), luminance meters, CCD cameras (commercial models), custom CCD 

cameras and specially prepared measurement systems. 

The main question to be answered is by these kind of measurement is how bright is the 

dark sky and how this brightness varies between areas, time, and periods of the year. The 

use of one type of instrument on a constant type of sky spectrum would be the 

undoubtable way for the assessment of the given problem. In addition, if the consideration 

of light pollution is linked only to humans, then only a single spectral response (of the 

eye) will be included in the assessment. 

In reality, the spectrum of the sky varies as well as the type of instrument response is not 

the same by default. Taking into account that the light pollution deals with the effects of 

artificial light in humans, animals, insects and plants, shows that the assessment of the 

measurements is a complicated procedure that can easily lead to significant tolerances and 

misleading results. Especially in cases where instruments monitor the dark sky for long 

period, the comparison of the measurements will not be stable. Thus, a single conversion 

factor for normalize the measurements of different instruments is not adequate because it 

is strongly depending to the spectrum of the measurement area. 

This paper investigates the correlation between the measurement results of instruments 

that are used for dark sky measurements. The instruments under consideration are using 

different kind of filters like photopic, astronomical or custom ones. The spectrum of the 

sky differs during nighttime from dusk to dawn. In addition, the spectrum of one are of 

the sky (e.g. close to horizon) may significantly differ from the spectrum in zenith area. 

This happens due to physical reasons but mainly depends on the artificial lighting 

installations for external lighting that scatters in the atmosphere. The scheduling of 

lighting switching on and off in various areas of a city and of various light source types 

will affect the spectrum synthesis of the skyglow and the reflected light on the clouds 

during nighttime. The renovation of luminaires is also a parameter that change the type of 

emitted light in certain areas from year to year. 

This study will calculate the maximum possible differences of the measurements 

correction factors of different instruments and investigate the way that measurements of 

dark sky with various spectrum synthesis can be correctly evaluated. This will help to the 

production of scientifically acceptable and common results between different types of 

measurements.  
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Abstract 

Sky glow is a widely visible effect of light pollution and it is important to be reduced to 

minimum. There are numerous studies or measurements of the sky glow, but the author’s 

research is focused on the connection between the particularities of the city lighting 

(public lighting, architectural lighting, advertising, headlights) and uplight distribution. In 

this equation are involved the topography, water surface, landforms, vegetation which 

make the difference between different cities. The method of this study is based on 

simulation in DIALux. On the normal scale, the details of simulation could be very 

complex, but for a large scale simulation (a whole city) it highlights important limitations. 

The solution is to study the light sources separately, because the light propagation is 

additive. After the initial uplight distribution, the scattering of light in the atmosphere has 

a secondary contribution to the phenomenon. Using TracePro simulations one can explain 

the evolution of uplight distribution from the initial source (an illuminated façade for 

example) to long distance. The utility of the results are specific to astronomers, and gives 

the possibility to find regulations to protect a specific dark sky area (where an observatory 

is situated), adapting the public lighting system to this purpose. Other lighting solution 

(for stadiums, harbors, advertising) could be also adapted to protect a specific direction of 

observation. This approach could be related to the classification of electricity distribution 

substations to the environmental zones listed in CIE 126-19971 and EN 12464-2.2. In 

present, classification of selected areas to an environmental zone is carried out according 

to the type of residential area, distances from protected landscapes and distances from 

major observatories. This approach is based on the hypothesis that sky glow is 

symmetrical (for the observer placed in the center of the city). Improving this, one could 

understand the urban uplight distribution similar with luminous intensity distribution 

curves of a (huge) luminaire. Using this, sky glow models could be connected with the 

source of the light pollution, considered more complex than a diffuse source. Next step, in 

the conflict situation between a city and an environmental zone, is to change the 

orientation of this urban uplight distribution (described as a Photometric Data File) to 

maximize the protection against light pollution for that environmental zone. This 

approach will change the design principle, imposing supplementary criteria for the main 

lighting systems of a city. This principle, developed after the total upward light is reduced 

(but not annulled) will maximize the dark sky condition for the selected area.  
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Abstract 

The radiant intensity distribution for upwardly directed urban beams depends on many 

factors, including the physical deployment of artificial lights in a heterogeneous urban 

environment, orography, reflectance of surrounding terrain etc. All these effects coalesce, 

resulting in a specific City Emission Function (CEF), which plays a decisive role in 

forming the sky radiance/luminance patterns under arbitrary meteorological conditions. 

Researchers need CEF data in order to estimate the effects of artificial light on observed 

sky brightness, however, no reasonable prediction can be made for illuminance/irradiance 

levels until CEF remains unknown. We have developed a new remote sensing technique 

to retrieve CEF from night sky brightness measurements made on a local meridian from 

zenith to horizon. The solution is advantageous and differs significantly from all other 

techniques developed earlier. For instance, no all sky scans are needed and no restrictions 

are imposed on the form of CEF.  

The retrieval model is well suited to situations when one source dominates over the other 

neighboring sources. It is applicable to many situations except the cases when beams from 

two or more dominant light sources are superimposed on (or intermingled in) the 

measured signal without a possibility to subtract one from each other. Sometimes these 

situations can be avoided by changing the measuring point, specifically its position 

relative to the light sources so that one light source becomes dominant. If a separation of 

the optical signals from two or more cities is difficult or rather unrealizable, then a 

transform to a single integral equation is impossible and one should follow with the 

iterative solution to the problem. Such iterative solution is designed to retrieve two (or 

more) emission functions concurrently using sky photometry made at a set of discrete 

measuring points. The solution was validated using synthetically generated data and then 

applied to experimental data taken during a few field campaigns. 
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Abstract 

This study attempts to evaluate the impact of a lighting technology transition in the 

Hawaii archipelago on the quality of the night sky at the Haleakala Observatory, which 

would interfere with asteroid detection. This is accomplished by first evaluating the 

current level of sky radiance using the ILLUMINA numerical model that was tested in the 

first International Dark Sky Reserve located in Mont-Mégantic National Park in Canada. 

It uses ground data on the artificial light sources present in the region of study, 

geographical data, and satellite imagery of the nightly upward radiance of the region to 

evaluate the artificial hyperspectral sky radiance for a specific observation location, as 

well as identifying sensitive locations on the territory. 

Afterwards, by using the current situation as a reference point, multiple scenarios can be 

modeled to evaluate the expected impact on the sky radiance. Theses scenarios include a 

full conversion from the current lighting conditions to cool and neutral white (CCT of 

4000K and 3000K) and PC amber (CCT of 1800K) LEDs. The impacts of both the change 

in the light spectrum of the lamps and their angular distribution are evaluated 

independently, alongside some changes in the environment.  
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Abstract 

Several population-level studies explored the association between breast cancer (BC) 

incidence and artificial light-at-night (ALAN), and found higher BC rates in more lit 

areas. Most of these studies used ALAN satellite data, available from the United States 

Defence Meteorological Satellite Program (US-DMSP), while, in recent years, higher 

resolution ALAN data sources, such as Visible Infrared Imaging Radiometer Suite Day-

Night Band (VIIRS-DNB), have become available. The present study aims to determine 

whether the use different ALAN data sources may affect the BC-ALAN association. As 

test case, we use data on BC incidence rates in women residing in the Greater Haifa 

Metropolitan Area (Israel), matching them with US-DMSP and VIIRS-DNB data on 

ALAN intensities, and controlling for several potential confounders, including age, 

fertility, and socio-economic status (SES). Both ordinary least squares (OLS) and spatial 

dependency models were used in the analysis. In all the models, ALAN emerged as a 

stronger predictor of BC rates in models based on better resolution VIIRS-DNB estimates 

(t>6.035; P<0.01) than in models based on coarser US-DMSP data (t<4.196; P<0.01). 
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Abstract 

 

Stockholm and Vienna are two European capitals with similar metropolitan areas and 

populations within these areas (i.e. about 2 million inhabitants). The total power used for 

their public outdoor lighting systems amounts to about 12 MW and 14 MW, respectively. 

We have been measuring the night sky brightness in both cities for several years, mainly 

with SQMs, partly complementing these measurements by spectroscopy as well as all sky 

photography. 

 

Stockholm's summer nights allow to test illuminance model predictions for sun altitudes 

that are less frequently observed at lower latitudes. 

 

The results presented in this paper include: 

- mean values of the sky brightness during moonless clear as well as cloudy and overcast 

nights reached in both cities; 

- the impacts of snow cover, aurorae, fireworks and other environmental effects on the 

zenithal night sky brightness; 

- the effects of a curfew on the sky brightness (the curfew currently being applied 

already at 10PM in Vienna); 

- a discussion of what what may cause the significant discrepancies of the level of light 

pollution in both cities; 

- a comparison of our mean night sky brightness values with the new world atlas of light 

pollution; 

- a comparison between twilight illuminance values derived from our measurements and 

corresponding values derived from a commonly used twilight model, which is of 

particular interest for the case of Stockholm’s naturally bright summer nights (not 

dominated by light pollution). 
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Abstract 

Artificial light at night (ALAN) alters the natural night lighting conditions for both 

humans and wildlife. Much research has focused on methods for measuring light pollution 

specific to humans, but little research exists on how to quantify ALAN with respect to 

other visual systems (e.g. birds, bats, moths, corals, etc.). High resolution spectral 

irradiance measures of the night sky provide data that can be applied to a wide range of 

wildlife visual models. Using a Stellar-net full spectrum spectroradiometer, we measured 

full spectrum night sky irradiance at a resolution of 2 nanometers within the range of 300 

nm to 800 nm. Irradiance was measured at two different sites, an urban site with night 

lighting greatly above natural levels (Fort Collins, CO) and a rural site with night lighting 

at natural levels (Poudre Canyon, Northern Colorado, CO).  The irradiance data were 

converted to photon flux and analyses revealed that the irradiance differed between the 

two sites in both overall photons (brightness) and hue (spectral shape). We further 

analyzed the irradiance data to assess two functional consequences of ALAN in the 

context of human and wildlife visual systems. We used five different visual systems: 

human, coyote, mouse, hawk, and hawkmoth to test two different visual contexts. The 

first context is the ability of different visual systems to discriminate between different 

colors using photopic vision. Using color space models, we show how the different visual 

systems can discriminate between different colors under the different night irradiance 

conditions. The second context is the scotopic detection of objects at different distances. 

We modified the lambert function to calculate maximum distances of perception 

depending upon light levels at the different sites. We compare and contrast the different 

visual capabilities of each species for each context and conclude with a discussion of the 

ecological implications for this work. We further discuss avenues for how these visual 

models can be used with other ALAN methodologies, such as CCD cameras and Sky 

Quality Meters, to better understand the effects of ALAN on not just humans, but wildlife 

as well.  
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Abstract 

The problem about night light pollution in cities has become increasingly prominent. It 

has a serious impact on astronomical observations, ecological balance and human health. 

So far，in the all night light pollution studies, most scholars have carried out more field 

measurement and researches on the urban skyglow luminance from the ground, based on 

the now available satellite image data of the urban night skyglow. But there is lack of 

measurement on the light environment of the whole city space. The paper has, in the di-

mension of the city, analysisd is based on the measured of zenith, canopy and ground. We 

research effects of light parameters of brightness, color temperature and cloudiness in the 

Dalian City area on light pollution.It has observed the night sky environment changes of 

the city over the whole boundary line in macro- perspective. The paper will diagram the 

measurement data to analyze. And with the actual real photos, it will analyze and research 

the urban light environment in natural lighting, the transition period from natural lighting 

to artificial lighting and completely artificial lighting separately, and the corresponding 

changes of sky brightness and color temperature of urban boundary point and vertical di-

rection in the artificial lighting situation.  

 

 
Fig. 1  The propagation of light caused by urban artificial lighting in urban space  

 
Fig. 2 Observed zenith luminance distribution analysis map  

mailto:liumingyitj@163.com
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Abstract 

A forthcoming conversion of the street lighting system in City of Tucson consists of the 

migration of over existing 400,000,000 HPS and LPS well-documented and fully shielded 

lumens to about 150,000,000 lumens of fully shielded 3000K LED. This is an interesting 

opportunity to analyze the possible consequences such conversion may have for sky glow 

in the area. All city of Tucson street lights are in a GIS database, so the amount of lumens 

installed in the city of Tucson and suburban areas can be determined numerically and 

normalized using the VIIRS database. The total emission spectra for five areas of interest 

were computed as a collective contribution of HPS, LPS and LED lamps taking into 

account the information on initial lamp lumens and luminaire efficiency. All of initial 

spectra were weighted by the human eye photopic spectral response. The numerical 

modeling has been made under different atmospheric conditions while accepting the 

spectral ground reflectance obtained from VIIRS. The targeted numerical experiments we 

have performed also include the situations with LED lamps being dimmed (or 

alternatively turned off). Post-conversion data for zenith radiance (or luminance) and 

horizontal irradiance (or illuminance) were evaluated relative to those computed for the 

initial configuration without the new LED installations 
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Abstract 

The global transition from earlier lighting technologies to light-emitting diodes (LEDs) is 

the most significant change in the history of the use of artificial light at night with respect 

to the formation of skyglow. The reason for this is that LEDs emit considerably more 

short-wavelength light into the environment than earlier technologies on a lumen-per-

lumen basis, and this light scatters more strongly through the Earth’s atmosphere than 

longer-wavelength light. Consequently, various radiative transfer models predict an 

increase in skyglow over cities due to the spectral shift toward shorter wavelengths 

attendant to the transition to LED, unless the total lumen output of the replacement LED 

lighting systems is significantly reduced. In 2016-17 the City of Tucson, Arizona (U.S.) 

converted its municipal street lighting system from a standard of mixed high-pressure 

sodium (HPS) and low-pressure sodium (LPS) fully-shielded luminaires to 3000K warm 

white fully-shielded LED luminaires. Tucson favored a lighting design intended to 

minimize increases to skyglow in order to protect the sites of nearby professional 

astronomical observatories and maintain night sky quality for laypersons in the region. 

That design involved the migration of over 445,000,000 fully-shielded HPS/LPS lumens 

to roughly 142,000,000 fully-shielded 3000K white LED lumens, resulting in a total 

lumen reduction of 62.8%; a planned dimming scheme will further reduce the number of 

lumens used during the overnight hours. One expects a concomitant reduction in the 

amount of visual skyglow over Tucson. We set out to test this prediction using several 

night sky brightness measurement methods including luminance-calibrated, panchromatic 

all-sky imagery obtained in 2014, before the LED conversion began, and after the 

conversion of ~18,000 luminaires was completed in spring 2017. We compare the 

observations with simulated conditions using the SkyGlow Simulator model of Kocifaj 

(2007, 2008) to assess the results of the Tucson LED conversion, and we comment on the 

applicability of its features to other municipalities whose LED conversions are pending. 
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Abstract 

We present a light source (Fig. 1) that mimics “skyglow” at LakeLab near Berlin, 

Germany [1]. The LakeLab is a large-scale outdoor freshwater mesocosm facility, where 

the impact of artificial light at night on a lake ecosystem is studied within the ILES 

project (illuminating lake ecosystems). The mesocosms are 9 m in diameter and 20 m 

deep. Among the requirements for the light source was to illuminate the mesocosms as 

homogeneously as possible and at the same time avoid blocking of sunlight during the 

day. We have designed and modeled the light source in a 3D raytracing program 

(TracePro, see Fig. 2) with realistic physical parameters for the lake water. The final 

design consists of 37 LED strips with a Lambertian emission pattern, arranged circularly 

over the mesocosm. 15 mesocosms have lights installed, 5 with a high light intensity, 5 

with a low light intensity and 5 serve as controls. 

The LakeLab is situated within one of the darkest regions in Germany and therefore well 

suited for such an experiment (see Milky Way and skyglow at the horizon in Fig. 1). 

Besides the design and modeling results, we will give information about the facility, the 

ILES experimental design and the light pollution measurements around the LakeLab, 

including long term monitoring with an SQM and fisheye lens photometry. We have 

observed that clouds darken the sky [1] under certain circumstances at this location. 

 

 

 

 

 

 

 

Fig. 1 Light source illuminating one 

of  the mesocosms at LakeLab. 

Fig 2. 3D raytracing in the mesoscosm filled 

with LakeWater modeled with TracPro. 

 

[1] A. Jechow, F. Hölker, Z. Kollath, M. Gessner and C.C.M. Kyba "Evaluating the summer 

night sky brightness at a research field site on Lake Stechlin in northeastern Germany", 

Journal of Quantitative Spectroscopy and Radiative Transfer, 181, 24-32 (2016) 
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Abstract 

The paper presents an embedded system, dedicated to the measurements of the light 

pollution from the point of view of a driver. The literature relates many measurements 

based on CCD cameras and the field of luminance, but the authors search to obtain a 

global characterization of the light pollution, obtained from a vehicle. The visual stress of 

the driver and his response can be measured, but this system can also measure the quality 

of the street lighting, including the entire luminous environment, that is the most useful 

and important parameter. The measurement chain is based on a TCS34725 color sensor, 

which has RGB and clear light sensing elements. An IR blocking filter, integrated on-chip 

and localized to the color sensing photodiodes, minimizes the IR spectral component of 

the incoming light and allows color measurements to be made accurately. The sensor has 

an extended 3,800,000:1 dynamic range with adjustable integration time and gain so it is 

suited for use to measure glare but also dark spaces. Catalog data are available to make 

human eye sensitivity correction and scaling, but lab test was necessary to obtain reliable 

results. The sensor is connected with I2C serial bus to a Raspberry PI3 system, obtaining 

the mobility of the platform. A GPS receiver is also integrated, giving the possibility to 

locate the data on a map. Using this system in a public transportation vehicle, with a 

standard path, generates specific results, and it is possible to make some comparisons with 

other data set. Evolution in time of the street lighting could be also realized, if the 

measurements are done periodically, in time. With the Development of this measurements 

system, new information will be available about the lighting environment, including light 

pollution.  
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Abstract 

The advent of LED technology has brought a minor revolution to the lighting industry. 

The high efficacy of LEDs has led to programs around the world to replace existing street 

lighting infrastructure with LED to reduce operating costs from power consumption and 

crew maintenance to local governments. Such programs are promoted on the basis of cost 

savings, reduced energy consumption, lowered greenhouse gas emissions, and reduced 

sky glow.  

The nature of cities and towns is changing and advances in technology, such as the 

internet of things, can give city and town planners an improved understanding of the wide 

range of variables that impact the quality of living. In this regard, remote sensing 

technologies can provide valuable data. This presentation will show the results of a time 

series analysis of data from the Suomi/VIIRS satellite from several sites across southeast 

Australia where LED street lights have replaced mercury vapour lighting and a 

comparison of this data to similar sites where the original gas discharge street lighting 

remains. Through a selection of case studies, the use of simplified inventories of street 

lighting, the Suomi/DNB sensor, and the Illumina modelling package (designed by Prof. 

Martin Aube of Sherbrooke University, Quebec, Canada) will be discussed as estimators 

of light pollution. 
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Abstract 

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

project for long-term monitoring of night sky conditions around the world.  Established in 

January 2015, the GaN-MN consists of fixed monitoring stations each equipped with a 

Sky Quality Meter - Lensed Ethernet (SQM-LE), a specialized light sensor for night sky 

brightness (NSB) measurements.  NSB data are continuously collected at high sampling 

frequency throughout the night, and are instantly disseminated publicly to provide a real-

time snapshot of the global light pollution conditions.  A unified data collection 

methodology, including data sampling frequency, data selection criteria, device design 

and calibration, and schemes for data quality control, was adopted to ensure uniformity in 

the data collected.  The network has currently 23 stations operating in 9 countries/regions 

in Asia, Europe, and Africa.  Over 25 million individual NSB data entries had been 

collected up to January 2017.  This huge NSB database allows for studies of temporal and 

geographical variations of light pollution and their correlations with various natural and 

artificial factors.  Preliminary analysis of the data reveals that there exists huge variation 

in the night sky worldwide: urban night skies are significantly brighter than night skies in 

pristine national parks.  In general, urban night skies get progressively darker with time 

over the night due to reduction in light usage.  On the other hand, steady sky brightness is 

observed in rural locations throughout the night, reflecting minimal human influences.  

The data collected will provide the scientific backbone in our efforts to contribute to dark 

sky conservation through education to the general public and policy makers.   Project 

website:  http://globeatnight-network.org/ ; Archived data from the project also 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. 
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Abstract 

Poor quality lighting not only impedes astronomy research and our right to see a starry 

night sky, but creates safety issues, affects human circadian sensitivities, disrupts ecosys-

tems, and wastes billions of dollars/year in energy consumption. It also leads to excess 

carbon emissions. How do you change the mindset of society that is used to turning night 

into day?  You educate the next generation on quality lighting.  

Citizen-science is a rewardingly inclusive way to bring awareness to the public on the 

disappearance of the starry night sky, its cause and solutions. Globe at Night encourages 

citizen-scientists worldwide to record the brightness of the night sky. During ten-days per 

month of moonless evenings, children and adults match the appearance of a specified 

constellation with 7 star maps of progressively fainter stars found at 

www.globeatnight.org. They then submit their choice of star map in-situ with the 

“webapp” by smart device to add to a light pollution map worldwide. In the ten years of 

the program, 157,000 observations from 180 countries have been contributed to the cam-

paign.  

The GaN (open) database is a source of research projects, even with other disciplines. For 

example, students conducted research to understand the lesser long-nosed bats’ avoidance 

of city center at night. Fieldscope will be a conduit for GaN toward implementing other 

research projects. On-the-fly mapping enables citizen-scientists to see contributed obser-

vations immediately. The 12  campaigns per year offer 4 ways of taking measurements. 

The online app for data submission is in 26 languages. STEM activities for young chil-

dren and problem-based learning activities for older students were created to experience 

real-life scenarios: role-playing sea turtles hatching (misdirected by lights on shore) or 

analyzing an ISS image of Houston to estimate the wasted energy, cost and carbon foot-

print. In-situ and on-line workshops have been given on using GaN in all its capacities, as 

well as for the activities. Our Facebook page exists to encourage dialogue and bring cut-

ting edge news. To entice interest, we had monthly newsletters and serial podcasts star-

ring the Dark Skies Crusader.  GaN has been part of special campaigns like with the Na-

tional Park Service, the National Geographic BioBlitz and Tucson in 2011. We have built 

a community of practitioners in various ways worldwide and can also present metrics on 

behavioral changes. 

For 2015, Globe at Night was invited to be an official citizen-science program for the In-

ternational Year of Light. By the end of 2015, Globe at Night exceeded all records for the 

number of observations in a year, topping at over 23,000 observations from 104 countries 

and all 50 US states. The four ways of taking measurements include visually, with Sky 

Quality Meters, with the Dark Sky Meter (DSM) app and with the Loss of Night (LON) 

app. 56% of all of the observations were taken with mobile devices (smart phones and 

tablets) versus desktops; nearly three-quarters of the mobile device measurements were 

made by iOS devices versus Android devices; 3 out of 5 mobile device measurements 

were with the DSM app and 1 out of 5 mobile device measurements were with the LoN 

app. Nearly 9000 measurements included readings from the handheld Sky Quality Meters. 

Globe at Night will hopefully continue for another 10 years. 

http://www.globeatnight.org/
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Abstract 

The proliferation of stations that measure the darkness of the night in live mode is causing 

the birth of a new kind of observer: the graph observer. Through the SQM Network of the 

REECL (the Spanish Network of Studies about Light Pollution), prof. Jaime Zamorano et 

al. have distributed more than 40 SQMs over the Spanish geography. You can access 

those data live and check which of them are working properly and which are failing in 

their tasks. Some extra information can be obtained from them and also, many curiosities 

appear in front of you if you look at the graphs everyday. 
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Abstract 

Different models for predicting the night sky brightness have been proposed in recent 

years. In 2016 it has been published the latest version of the World Atlas of Artificial 

Night Sky Brightness. This map is based on data acquired with the Suomi-NPP satellite 

VIIRS instrument in the DNB band, and models of light scattering in the atmosphere. 

Evaluating the accuracy of the brightness predictions can be difficult on land, due to the 

multiplicity of light polluting sources. Measuring at the sea the sky brightness produced 

by an important source of light pollution, and evaluating its dependence on distance, can 

be a useful way of determining the validity of competing mathematical models. 

For a fixed location, the different atmospheric parameters that enter in the mathematical 

formulations can affect the final results in a more or less determinant form. 

In this paper we report the night sky brightness measurements obtained along several 

routes in the Mediterranean sea, from the coastline up to 16 nautical miles offshore, taking 

the Metropolitan Area of Barcelona as the light polluting source. The results will be 

contrasted with published models of atmospheric dispersion. 
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