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Artificial lights raise night sky luminance, creating the most visible eﬁmofiightpolluum—amﬁcnl skyglow. Despite
the increasing interest among in fields such as ecology fth and land-use planning, light
pollution lacks a current quantification of its itude on a global scale. Te this, we pr the world atlas
of artificial sky luminance, computed with our light pollution propagation software using new high-resclution satellite
data and new precision sky brightness measurements. This atlas shows that more than 80% of the world and more
than 99% of the U.S. and European populations live under light-polluted skies, The Milky Way is hidden from more
than one-third of humanity, including 60% of Europeans and nearly 80% of North Americans. Moreover, 23% of the
world's land surfaces between 75N and 60°S, 88% of Europe, and almaost half of the United States experience light-
polluted nights,

INTRODUCTION

Light pollution is the alteration of night natural lighting levels caused by
anthropogenic sources of light (1). Natural lighting levels are governed
by natural celestial sources, mainly the Moon, natural atmospheric
emission (airglow), the stars and the Milky Way, and zodiacal light.
During moonless nights, the luminance of the clear sky background

observed during the night hundreds of kilometres from its source in
landscapes that seem untouched by humans during the day (6), damaging
the nighttime landscapes even in protected areas, such as national parks
(for example, the light domes of Las Vegas and Los Angeles as seen from
Death Valley National Park), Notwithstanding its global presence, light

| Falchi ef al. Scii Adv. 2016;2:1600377 10 June 2016
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IDA (Internatlonal Dark-Sky Association)2| 2]
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EXAMPLES OF SOME
=z COMMON LIGHTING FIXTURES
el R

Area Flood Light with Hood
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Credit: NASA Earth Observ NOAA NGDC

ol & 25+ (2012)

Credit: NASA Earth Observatory/NOAA NGDC
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Credit: Science and Analysis Laboratory, NASA-Johnson Space Center, The Gateway to Astronaut Photography of Earth
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Credit: Science and Analysis Laboratory, NASA-Johnson Space Center, The Gateway to Astronaut Photography of Earth
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e} vi5t= 8+7| (Night Sky Brightness,NSB)

* Sky glow

* Scattering of artificial light by cloud, aerosol, and suspended
particulates in the atmosphere

° Spreading light pollution effects to greater distance

® Decreasing the brightness contrast of night sky
e NSB:

* Measured light intensity of the zenith sky at night

e Combination of the scattered light from artificial lighting sources

and natural emissions (airglow, zodiacal/star/ Galactic light, etc)

13l - FEd A uAF A
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5= 97| (NSB)

S

=
SXE.
* Follow routine pattern of operations nightly
® Vary according to land utilization, population, etc
® Scattered city light from cloud
o A=
* Moonlight: major natural light source
® Low in intensity: airglow (emissions from
atoms and molecules ionized by solar radiation), integrated
starlight, diffuse galactic light, extragalactic background light,
etc

ot 57| 3%

1. Astronomical photometry
*  Traditional way: telescope + CCD sensor
®  NSBis estimated by brightness of star-free regions on CCD
images
* Advantages:
Small photometric error (SX0.1 mag arcsec?)
Multiple bands measurement
Wide range of field-of-view
* Disadvantages:
Highest cost (personnel, equipment)

Low geographical (at the observatory) & temporal (relatively
few observations per nights) coverages

2017-01-10

24



— L —
Wols 571 &%
2. Night-time remote sensing data:
® Operational Linescan System, Defense Meteorological Satellite
System (OLD-DMSP)
¢ Day-Night Band, Visible Infrared Imaging Radiometer Suite (DNB-
VIIRS, Suomi National Polar-orbiting Partnership)
® International Space Station (ISS)
* Aerial photos by aircrafts
* Advantages:
Identify sources of light pollution
Large geographic coverage (from regional to global scale)
* Disadvantages:
Low temporal coverage

Challenging absolute/relative calibration over the large spatial coverage

and over time
International Workshop on Night Sky ' ‘ gﬁylc Globe at Night - Sky - o
HE OB“/QWE%V?"SU?S@EW % ‘P'/\]—F Brightness Monitoring @ e

3- Il JNERYNT L
orea Network

/

Woks 571 3%
3. Dedicated devices
® DigiLum luminance meter, Mark Light Meter, Sky Quality
Meter (SQM), etc
® Advantages:
Balance between accuracy (£0.1 mag arcsec?) and cost
(—USD 300 per unit)
Easy to use
High data sampling frequency (several seconds)
¢ Disadvantages:
Single band measurement

An average of the spatial variations of night sky

International Workshop on Night Sky " g_'SM": Globe at Night - Sky - o
tﬂiojaphmehgk)easuﬁrﬁenﬁ Zj‘ﬁ'/\]} T Brightness Monitoring @ maaa

g
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SQM-LEE 0| &%t NSBE A

Credit: Unihedron

® Sky Quality Meter — Lens Ethernet (SQM-LE)

® Gives NSB in the unit of mag arcsec

* Claimed accuracy of 0.1 mag arcsec 2

=
Measuring NSB by SQM-LE

SQM-LE points to zenith (within the housing)

SQM-LE (fixed to the cover)
weatherproof housing
(with reflective surface)

circular glass window

power timer
M switch

3G "' mountin g }
modem pole

ventilation
fans

ventilation
fans power inlet

3G router .
Custom-made housing
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Result highlights
- Night sky brightness depends on location

6 s Ll Ll 1 1 Il

not-classified

relative frequency (%)
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" Result highlights
- Night sky brightness depends on time
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Result highlights
- moonlight impacts on rural NSB observations
5

T T L | T | T T LA LA DL | T T T T T
- i0bs moonlight-affected
4 -sample: 332,003 moonlight-free

relative frequency (%)
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The Globe at Night - Sky Brightness
Monitoring Network (GaN-MN)

¢ Co-organizers: ( oy s

* Office of Astronomy Outreach, International ‘ ‘
Astronomy Union (IAU) ’
* National Astronomical Observatory of Japan ~ (%

® The University of Hong Kong

INTERNATIONAL
YEAR OF LIGHT
2015

® The Globe at Night project, National Optical
Astronomical Observatory (NOAO)

NAC)J

National Astronomical
Observatory of Japan

The Global at Night
- Sky Brightness Monitoring Network in Korea

SQM A X|

 LSQM AR EA
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otz 5171 378 7171 (SQM-LE) & o| 8%t BL|EF

SQM-LE
 ZH| : Sky Quality Meter — Lens Ethernet (SQM-LE)
o ALGE
- Ethernet 97 (LANS.E 9Z71s)
- ZMIM : TAOS TSL237 Light-to-Frequency Converter @
(320 ~ 700nm =HcHel Hl 7+2|)
- oM 5t ZE| : Hoya CM-500
-37]:36%x26x1.1in. (9.1 Xx6.6x2.8cm)
- 5-6V DC adapter AM2
- mag arcsec-2 H¢le| H5hs 87| 3%
- 23} +0.1 mag arcsec-22| A&Hd
- SOM-LEx= £7 THHhed(320~700nm) 2| g 72 [Sh=t|
i, E

SQM-L : $134.99US
SQM-LE : $249,99US, $289.94US, $349.94US

http://unihedron.com/
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Condition: Clear

Unknown

18} 7
Commercial lighting

raw NSB (mag arcsec”)
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Globe at Night E.1 Z[&

2015: Globe at Night Real-time Interactive Infographic

So far in 2015, Globe at Night has received

Observations Over Time
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2015: Globe at Night Real-time Interactive Infographic

In 2015, Globe at Night received

P, (] Observations 600 -
M Observations| @
500 | | Mobile
from 104‘ Countries

Observations Over Time
Selectarange of dates to zoom in, hover over data points for mare information
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Globe at Night 2.1 Z[&

9 7 5 .
Inner City sky Suburban/urban Suburban sky . Rural sky * - Excellent dark
transition o sky site
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it Night

Rasourcas

About Learn

Postcards

rve Report

Activity Guic

Globe at Night Downloadable Resources

Printable Magnitude Charts pp
arts for Globe atl Might provided by Jan Hollan, of the
Sciant
Dark Skies Rangers
The Dark Skies Rangers proqram provides. ways (o visualize + Erench
the problem of light pollution with simple, easy-to-grasp, and »
fun activities. Click on the link for more information!
Quality Lighting Teaching Kit
= Tha
The Quality Lighting Teaching Kil provides six activilies . Er‘l‘usﬂ
‘which use quality ghting 1o sohe realistic cases on how light
pollution affects wildiife, the night sky, our eyes, energy
consumplion, safely and bght trespass into buildings.
We would like to g y ge our 5! Globe at Night Websites from
* A Azadegan * B Garcia = J Vogal * 5 Hu Around the World
= A Costa = B. Haenel = K Czan * 5. Klett . G
= A Eklsf + C. Iparlucea * M Metaxa + 5 Ribas .
= A Grigora « G Pavicic * N Ochi * 8 You
* A Le Gue * H. Gue + 0. Onal * T. Likineerametn
+ A Nieminen | Ugarte » P Horalak « W, Bianchi
= A Pace = . Merc * K. Snoj = . Gngone
« A Risi = J. Pisala = 5 Bard = W _Kim
s AW k -d * 5 * Z Kollath
= A Yamani

Globe at Night &% =Y

Northern Constellations
2016

| Perseus
" | December 20-30, 2018

¥

4 Qrion
4 January 19.28, February 18-27, 2017

Leo
2| March 20-20, April 18-27, May 17-26, 2017

1
Hercules
June 16-25, July 15-24, August 14-23, 2017

Cygnus

/il

Southern Constellations

2016

Orion
December 20-30, 2016

1 Orion

January 19-28, Fabruary 18-27, 2017

-| Canis Major

March 20-28, 2047

Crux
Apnil 18:27, May 17-26, 2017

Scorpius
Jung 18-25, July 15-24, 2017

Sagittarius

August 14-23, September 12-21, 2017

Grus

| Getober 11-20, Novembes 10-18, December 8-18,
1| 2017
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