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on Night Sky Brightness Measurements

10:30 – 11:00 Registration

SessionⅠ : Night Sky Brightness General Chair: Chun-Hwey Kim (CBNU)

11:00 – 11:30 Jason PUN (Universtiy of Hong Kong, Hong Kong)

Project Background of the Globe at Night – Sky Brightness Monitoring Network

11:30 – 11:45 Jerzy M. Kreiner (Pedagogical University of Cracow, Poland)

Night Sky Condition of Mt. Suhora Observatory in Poland 

11:45 – 12:00 Bo Kyung Kwon (Kwangjin astronomical observatory, Korea)

Development of the Public Outreach Program concerning Night Sky Brightness

12:00 – 14:00 lunch

SessionⅡ : Measurements of the Night Sky Brightness Yonggi Kim (CBNU)

14:00 – 14:30 Jason PUN (University of Hong Kong, Hong Kong)

Performance and Results from the Globe at Night – Sky Brightness Monitoring Network

14:30 – 14:45  Hong-Kyu Moon (KASI, Korea)

The Heritage of IYA2009 Korean National Node: Nation-wide GaN Network

14:45 – 15:00 Seo-gu Lee (KASI, Korea)

Ten Years of KASI's Activities on Dark Skies Awareness

15:00 – 15:15 Yong Sun Lee (Daejeon Astronomical, Korea)

Measurement of the Korean Night Sky Brightness using SQM

15:15 – 15:30 Joh-Na Yoon (Chungbuk National University, Korea)

Accuracy analysis of SQM with SkyCCD data of CBNU observatory

15:30 – 15:40 Coffee break

SessionⅢ : SQM User Workshop Chair: Jason PUN (Universtiy of Hong Kong, Hong Kong)

15:40 – 16:10 Chu Wing SO (Universtiy of Hong Kong, Hong Kong)

Data collection concerns of the Globe at Night – Sky Brightness Monitoring Network

16:10 – 18:00 participants of the korean SQM users

free discussions about using SQM

18:00 – 21:30 Banquet

Date: 3 May 2016
Further Discussion for collaboration about Globe at Night-Monitoring Network 
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Dr Jason Pun

The University of Hong Kong

Project  Background of 

Chungbuk National University, Korea
2.5.2016

The Earth at Night:  the world illuminated
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The Earth at Night (2012)
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The Earth at Night – Korea (2014)
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The Earth at Night – Korea (2014)
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The Earth at Night – Seoul (2014)
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The Earth at Night – Seoul (Apr 2016)
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The Earth at Night – Busan (2012)
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The Earth at Night – Jeju (2011)

Wasteful light emitted upwards directly by or reflected 
from artificial sources being scattered by aerosol (cloud, 
fog), or pollutants like suspended particulates in the 
atmosphere.

Light Pollution
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Scattering of light pollution

12

Scattering of light pollution – light domes
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Light pollution
Light pollution:

Uses of outdoor lighting: safety, recreation, advertising, 
decorative, etc

Types of lighting:  incandescent lamp, uorescent (Hg), 
high/low pressure sodium (Na), metal halide, mercury vapor 
(Hg), LED, etc
Environmental degradation: improper uses and abuses of 
artificial outdoor lighting

13

Adverse effects of light pollution

Light Pollution: environmental degradation due to artificial lighting

Health: light trespass, light nuisance 

Environmental: nocturnal species, unbalance ecological systems

Astronomical:  skyglow / “overglow” from urban lighting

Energy: light not targeted at your eyes wasted energy

14

- 9 -



Adverse Effects of Light 
Pollution: Health and 
Environmental 

This light is making people crazy.

These business people are unethical.
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Light pollution and 
Night Sky Brightness (NSB)

Sky glow
Scattering of arti cial light by cloud, aerosol, and suspended 
particulates in the atmosphere
Spreading light pollution effects to greater distance
Decreasing the brightness contrast of night sky

NSB: 
Measured light intensity of the zenith sky at night
Combination of the scattered light from arti cial lighting sources 
and natural emissions (airglow, zodiacal/star/Galactic light, etc)

19

Night Sky Brightness (NSB)
Arti cial lighting:

Follow routine pattern of operations nightly
Vary according to land utilization, population, etc
Scattered city light from cloud

Natural emissions:
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

20
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Measuring NSB
1. Astronomical photometry

Traditional way: telescope + CCD sensor
NSB is estimated by brightness of star-free regions on CCD 
images
Advantages:

Small photometric error ( 0.1 mag arcsec-2)
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

21

(Patat 2003b

22

Patat, F. 2003a, Astronomy & Astrophysics, 400, 1183
Patat, F. 2003b, Astronomy & Astrophysics, 401, 797

Methodology
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Result highlights

23

Zenith-corrected dark time NSB 
measured at Paranal 

UBVRI NSB correlated with 
solar activity.

V, R, and I results show a 6-
month oscillation pattern

Measuring NSB
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

24
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Remote Sensing: A. Sánchez de Miguel et. al. 
(2014)

25

Data: OLD-DMSP

Scale: Spain

Sampled period & calibrations:  radiance calibrated (1996–
1997, 2006), non-calibrated (1992-2010)

Study theme:  relationship between the radiance received by 
the satellite and the energy consumption (official data from 
the government)

A. Sánchez de Miguel  et. al. 2014, Journal of Quantitative 
Spectroscopy & Radiative Transfer , 139, 109

Result highlights
Strong correlation between the 
radiance and energy consumption

Derived the electricity 
consumption for street lighting in 
Spain from 1992 to 2010 

doubled  in  the  last  18  years  in 
most provinces

26
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Data: mosaic image from 
aerial(3000 m) photography
Spatial resolution: 1 m
Coverage: Berlin, Germany
Sampled period: single flight during 
20:40 - 23:23 local time (UT+2) 11 
September 2010
Sensor: Finger Lakes Instruments 
camera (interline transfer CCD)
Lens: Sigma 24 mm F1.8 DG
Filters: Luminance, Red, Green, 
Blue

27

Remote Sensing: Kuechly et. al. (2012)
Kuechly, A. U. et. al. 2012, Remote Sensing of Environment, 126, 39

Result highlights

28
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Result highlights

29

Aerial mosaic
(1m resolution)

ISS 
(45m resolution)

Remote Sensing: Kyba 2015

30

Kyba, C. et. al. 2015, Remote Sensing, 7, 1

Data: OLD-DMSP, DNB-VIIRS, ISS, aerial 

Locations: 6 European cities, USA
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Result highlights
City light changes dynamically over the course of the evening

31 ISS images of Madrid at different times of night (resolution ~100m)

Result highlights
Difference patterns in light emission in different cities

32

Upwelling radiance of six European 
cities in the VIIRS two-month 
composite dataset ISS images of six European cities
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Measuring NSB
3. Dedicated devices

DigiLum luminance meter, Mark Light Meter, Sky Quality 
Meter (SQM), etc
Advantages:

Balance between accuracy ( 0.1 mag arcsec-2) 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

33

Dedicated device: Pun et. al. (2014)

The Hong Kong Night Sky Monitoring Network (NSN)

Coverage: 18 locations in Hong Kong (10 urban, 6 rural, 2 not-
classified)

Sensor: SQM-LE 

Period:  May 2010 – now

Data collection: every 1 to 5 minutes throughout the evening, 
4.6 million data points reported

Live data display: (1) project webpage 
http://nightsky.physics.hku.hk/; 2 (weather agency) 
http://www.hko.gov.hk/gts/astronomy/astro_portal.html

34

Pun C. S. J. et. al. 2014, Journal of Quantitative Spectroscopy & Radiative 
Transfer, 139, 90
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Measuring NSB by SQM-LE

35

Custom-made housing

Result highlights
- Night sky brightness depends on location

36
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Result highlights
- Night sky brightness depends on time

37

TST (urban)

WTS (urban)

TSW (urban)

GFS (not classified, airport)

iObs (rural)

AP (rural)

Result highlights
- moonlight impacts on rural NSB observations

38
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NSB database - data selection criteria
NSN operation: May 2010 – March 2013

Total number of stations: 18
Data collection frequency: 1 to 5 minutes

Basic principle: every single data point collected will be included 
in the database for analysis
Exception: Sunlight

Data taken within 70 minutes after sunset or before sunrise were 
excluded

Exception: “non-night-sky” events ( 5% of sunlight-free data)
Stargazing events (some are near stargazing or education hotspots)
On-site maintenance and servicing
Unphysical NSB readings e.g., <10 mag, >22 mag
Astronomical events (e.g., lunar eclipse)

39

40

Cross-checking satellite with ground-based measurements   
SO (2014, PhD thesis) 
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Methodology: comparison of SQM readings with 
the ISS night-time image 

41

Raw photo at 68 m resolution 
(taken in 2003)

Georeferencing

Dark frame subtraction
Compare to SQM readings 

(taken in 2010-2013) 

42

Result highlights

The correlation between remote sensing data (2003, y) and the 
ground-based measurements (2010-2013, x) was strong

potentials of space-based study of light pollution

Best fitted line with 
slope = 0.98
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Night Sky Brightness 
Measurements

Applicatio
n 

Geographic 
coverage

Temporal
coverage

Cost  Accuracy Major pro Major con

Traditional 
CCD 
photometry

Analyze night sky 
properties of a 
site in detail

High accuracy High cost 

Wide-field 
photometry

Analyze sources 
of light pollution

Directional
information

Calibration  
challenge

Remote 
sensing

Analyze light 
pollution 
conditions across 
cities

Large 
geographic 
coverage

Calibration  
challenge

Citizen science Analyze light 
pollution 
conditions across 
regions

Spread light 
pollution 
messages, cheap, 
large coverage

Low accuracy
for visual-only 
contributions

Dedicated
NSB devices

Analyze light 
pollution 
conditions within 
regions

Cheap and 
accurate

Single-band 
only, lack 
directional 
information

Night sky 
spectroscopy

Analyze sources 
of light pollution

Obtain spectral 
information

Calibration  
challenge

43

An expanded approach of the Hong Kong Monitoring 
Network:

Comprehensive and accurate measurements of the night 
sky brightness in different locations
A unified approach in data-taking and data-selection
Capture the dependence of NSB on a large number of 
natural and artificial factors
Light pollution as a local problem, with local 
data, and hopefully local solutions

44

Night Sky Brightness (NSB) 
Measurements
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The Globe at Night - Sky Brightness 
Monitoring Network (GaN-MN)

Co-organizers:
Office of Astronomy Outreach, International 
Astronomy Union (IAU)
National Astronomical Observatory of Japan
The University of Hong Kong
The Globe at Night project, National Optical 
Astronomical Observatory (NOAO)

45

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

Goal:  Establish a global night sky 
brightness monitoring network 

Endorsed by the IAU Executive 
Committee Working Group for the 
International Year of Light 2015 as a 
major Cosmic Light program in 
support of the IYL

“Suggestions were to “coordinate ... with 
others who are pursuing the 
educational aspect in other regions.”

46
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The Globe at Night - Sky Brightness 
Monitoring Network (GaN-MN)
First GaN-MN User 
Workshop on Jan 7-9, 2015 
at National Astronomical 
Observatory Japan

~25 participants from 7 
countries/regions

47

Measuring NSB by SQM-LE

Sky Quality Meter – Lens Ethernet (SQM-LE)

Gives NSB in the unit of mag arcsec-2

Claimed accuracy of 0.1 mag arcsec 2

48

Credit: Unihedron
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The Globe at Night - Sky Brightness 
Monitoring Network (GaN-MN)

GaN-MN currently has:

16 stations operating in 8 countries/regions in 3 
continents 
3 stations in Korea
Over eleven million individual measurements had 
been collected by May 2016. 

Red: current stations (16 as of Apr 2016) 
Blue: potential stations (3 as of Apr 2016)

50
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The Globe at Night - Sky Brightness 
Monitoring Network (GaN-MN)

Easy to join in the effort
All you need are:

A working SQM-LE with the standard protective 
housing by the manufacturer
Power supply and internet connection

Benefits:
Present your results real-time to the world
Gain access to light pollution measurements from 
around the world
Let’s fight light pollution together!

52
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Thank you!

For more information on the GaN-MN,

1) Visit: http://globeatnight-network.org/
2) Email us at: globeatnight.network@gmail.com or

gan-mn@qq.com

53
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Mount  Suhora 
Astronomical
Observatory

Jerzy M. KREINER
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Warszawa
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.
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Transportation
to the Observatory:

Chair-lift
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Seeing
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seeing

Filter
Mean extinction 

coefficient

U 0.539

B 0.292 

V 0.213 

R 0.120 

I 0.092
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The main telescope:
Cassegrain system

The diameter of the main mirror: 0.6 m
The focal length of the main mirror:2.4 m
The equivalent focal length                             
Cassegrain system:                          7.5 m
The diameter 
of the secondary mirror                 0.18 m

The weight of the telescope: 2760 kg
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Nightvision camera

CCD
Photometrics Star 1
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THE WHOLE EARTH TELESCOPE
WET

1991:  Mt. Suhora Observatory was included 
in the group of observatories 

( coordinated by Mc Donald Observatory, Texas, USA )
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The main goal of the WET:  to observe a given star for 24 hours 

Mc Donald Observatory, Texas
Kitt Peak National Observatory, Arizona
Mauna Kea Observatories, Hawaii
CFHT (Canada-France-Hawaii Telescope), Hawaii
Mt. John Observatory, New Zeland
Mt. Stromio & Siding Spring Observatories, Australia
Beijing Astronomical Observatory, China
Vainu Bappu Observatory, India
Moletai Astronomical Observatory, Lithuania
Wise Observatory, Israel
South African Astronomical Observatory, South Africa
Mt. Suhora Observatory, Poland
Ossevatorio di Bologna, Loiano Telescopes, Italy
Calar Alto Observatory, Spain
Observatoire du Pic du Midi, France
Observatoire de Haute-Provence, France
Observatorio del Teide, Tenerife, Spain
El Rogue de Los Muchachos Obsevatory, La Palma, Spain
Nordic Optical Telescope, La Palma, Canary Islands
Observatorio do Pico dos Dias, Brazil
Cerro Tololo Interamerican Observatory, Chile
European Southern Observatory, Chile
SARA, Arizona
Mt. Cuba Astronomical Observatory, USA
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An example of WET observations: Xcov23

Most targets:  pulsating stars

= 2, m=1 = 2, m=2 = 3, m=0

= 3, m=1 = 3, m=2 = 3, m=3
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GwangjinYouth Center

CONTENTS

Globe at Night

3-1 Globe at Night

3-2 Globe at Night

3-3 Dark Skies Rangers
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The Global at Night
- Sky Brightness Monitoring Network in Korea

NSB
Korea

SQM 

SQM 

NSB 
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Globe at Night(www.globeatnight.org ,USA)
: Globe at Night 

: Globe at Night Dark Skies Rangers

Dark skies
Awareness 10

‘ ’ 10

Globe at Night 5

10

Globe at 
Night 30

Dark Sky 15
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Globe at Night
3-1 Globe at Night

Globe at Night
3-1 Globe at Night
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Globe at Night
3-1 Globe at Night

Globe at Night
3-1 Globe at Night
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Globe at Night
3-2 Globe at Night

Steps to Observe
1. Note your latitude, longitude, 

date & time

2. Find the constellation Leo

; note sky conditions

3. Match night sky to a magnitude chart

4. Report your observations on-line

5. Compare your observation(s)

to thousands around the world
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Globe at Night
3-2 Globe at Night

Globe at Night
3-2 Globe at Night
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Globe at Night 

Thank You!
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Session Ⅱ : Measurements of the Night Sky Brightness Chair: Yonggi Kim (CBNU)

14:00 – 14:30 Jason PUN (Universtiy of Hong Kong, Hong Kong)
Performance and Results from the Globe at Night – Sky Brightness Monitoring Network

14:30 – 14:45 Hong-Kyu Moon (KASI, Korea)
The Heritage of IYA2009 Korean National Node: Nation-wide GaN Network

14:45 – 15:00 Seo-gu Lee (KASI, Korea)
Ten Years of KASI's Activities on Dark Skies Awareness

15:00 – 15:15 Je Hoon (Yeongyang Firefly Astronomical Observatory, Korea)
Measurement of the Korean Night Sky Brightness using SQM

15:15 – 15:30 Joh-Na Yoon (Chungbuk National University, Korea)
Accuracy analysis of SQM with SkyCCD data of CBNU observatory

 

 





Dr Jason Pun

The University of Hong Kong

Performance and Results from 

Chungbuk National University, Korea
2.5.2016

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

Co-organizers:
Office of Astronomy Outreach, International Astronomy Union 
(IAU)
National Astronomical Observatory of Japan
The University of Hong Kong
The Globe at Night project

2
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The Globe at Night - Sky Brightness 
Monitoring Network (GaN-MN)

Endorsed by the IAU Executive 
Committee Working Group for the 
International Year of Light 2015 as a 
major Cosmic Light program

Establish a worldwide night sky brightness 
monitoring network 

In the award letter, “Suggestions were to 
“coordinate ... with others who are pursuing the 
educational aspect in other regions.”

You are all welcomed to join!

3

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

Project aims:
Standardized night sky measurement method for 
worldwide research on light pollution

Highlight the negative environmental impacts 
of abusive artificial lighting for the general public and 
policy makers

Sustain light pollution public education and 
promote public engagement by live worldwide 
night sky brightness data and night sky measuring 
programs

4
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The Globe at Night - Sky Brightness 
Monitoring Network (GaN-MN)

Methodology and highlights:
Standardized observing method:

SQM-LE 
Reasonable cost and sturdy

Standard housing by manufacturer
Minimize inconsistency in optical 
window attenuation

30 seconds sampling interval
Standardized calibration scheme

5

Manufacturer: Unihedron (Canada)

Light sensor: TAOS TSL237 High-Sensitivity 
Light-to-Frequency Converter

Near-IR blocking lter: Hoya CM-500

Size 3.6 x 2.6 x 1.1 in.

Operates from 5-6V DC adapter 

Night sky brightness given in unit mag arcsec-2

Accuracy of 0.1 mag arcsec 2

Calibrated by the manufacturer before 
shipment

6

Figure source: Unihedron

Sky Quality Meter – Lens Ethernet 
(SQM-LE)
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Detector characteristics of SQM

7

Angular response function of 
SQM-LE

(Cinzano 2007)

Spectral response function of SQM-
LE (solid), quantum effiency (dashed), 
and lter transmittance (dotted)

(Cinzano 2005)

Compare photometric Johnson V-
band vs SQM-LE response:

FWHM: 
SQM-LE: 240 nm
V-band: 84 nm (Bessell 2005)

Peak: 
SQM-LE: 540 nm
V-band: 545 nm (Bessell 2005)

The o sets between V-band and 
SQM-band:

Depends on sky spectrum and cloud 
condition
0 - 0.25 mag arcsec 2 (Cinzano 2005) 
Up to 0.6 mag arcsec 2 when cloudy 
(Puschnig et. al. 2014)

8

Comparison of SQM-LE normalized spectral response (dotted 
curve) with the spectral curves of Johnson B-band, scotopic, Johnson 
V-band, and photopic (dashed curves from left to right) and the 
emission spectrum of a mercury vapor lamp (solid curve)                                                
(Cinzano 2005)

Measuring NSB by SQM-LE
V

- 76 -



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

Methodology and highlights:
Data

Live display of NSB on Google Maps
Full sharing of data among participating stations: 

Easy to join
Materials needed: SQM-LE, housing, internet connection  
(minimal configuration), power supply, mounting
Minimal maintenance except troubleshooting on power or 
network sometime

9

GaN-MN night sky brightness (NSB) 
database: data flow

10

database 
@ cloud

GaN-MN 
stations

Temporal variations of NSB 

Real time display of 
measured NSB

data files in
standard
format
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The Globe at Night - Sky Brightness 
Monitoring Network (GaN-MN)

GaN-MN status report:

Demonstrated that we can indeed establish a global 
network of night sky brightness data 
collection

Efficient network setup: less than one week between 
SQM being online and real-time data collection in 
most cases

Very few errors attributed to the GaN-MN data 
collection system. 

12

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

GaN-MN currently has:

16 stations operating in 8 countries/regions in 3 
continents 

3 stations in operation in Korea

Over eleven million individual measurements had 
been collected by May 2016. 
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The Globe at Night - Sky Brightness 
Monitoring Network (GaN-MN)

Current stations (more on next page):

13

Organization Country /region Operational
date

Taipei Astronomical Museum (TAM) Taipei,Taiwan 2014-11-19

National Astronomical Observatory of Japan (NAOJ) Tokyo, Japan 2014-12-19

The University of Hong Kong (HKU) Hong Kong 2014-12-26

National Tsing Hua University (NTHU) Taiwan 2014-12-30

Yeongyang Firefly Astronomical Observatory (YFAO) Yeongyang, 
Korea

2015-01-24

Chungbuk National University Observatory (CNUO) Cheongju, 
Korea

2015-01-27

Lulin Observatory (LUO) Taiwan 2015-03-27

Ho Koon Nature Education cum Astronomical Centre (HKn) Hong Kong 2015-04-18

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

Current stations (con’t):

14

Organization Country /region Operational
date

South African Astronomical Observatory, Cape Town (SAAO) South Africa 2015-07-28

Kuzuha Observatory (KuO) Japan 2015-08-01

National University of Mongolia (NUM) Ulan Bator, 
Mongolia

2015-08-05

Zselic Starry Sky Park (ZSSP) Hungary 2015-08-24

Hungarian Astronomical Association (Bar) Hungary 2015-09-11

Elsterland-Observatory (ELO) Germany 2015-09-25

Nagasaki Nishiyama Observatory (NNO) Japan 2016-03-19

Daejeon Astronomical Observatory (DAO) Daejeon, Korea 2016-03-20
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Red: current stations (16 as of Apr 2016) 
Blue: potential stations (3 as of Apr 2016)

15
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The GaN-MN night sky brightness 
database

All NSB data collected from GaN-MN stations fed to a 
MySQL database automatically and instantaneously

Full sharing of data among participating stations

Participants access data archive through a user-friendly 
web-based interface

17

Public Interface of GaN-MN
http://globeatnight-network.org/map.html

18

A light pollution map based on Google Map platform:
Real-time data displayed for locations currently at night time

Median value of NSB from the previous night for locations 
currently at day time
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Early performance of GaN-MN – nightly 
trends (preliminary analysis)

19

CNUO 
(cloudy)

GaN-MN:

Early performance of GaN-MN – nightly 
trends (preliminary analysis)

20

CNUO 
(cloudy)

GaN-MN:

Observations: 
The sky is generally darker in late night.
Urban stations are brighter than suburban and rural stations.
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Average NSB between 
22:00-24:00 = NSBearly

Average NSB between 
01:00-03:00 = NSBlate

NSBlate-early = NSBlate - NSBearly

Early performance of GaN-MN –
nightly trends (preliminary analysis)

22
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Early performance of GaN-MN –
nightly trends (preliminary results)

23

The size of the error bar represents the natural 
spread of data collected at each station
(Remark: NUM has a very small sample size)

Early performance of GaN-MN –
nightly trends (preliminary results)

24

NSB is generally bigger in urban versus 
suburban and rural settings  => Presence of 
more non-essential lighting in urban locations
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Early performance of GaN-MN –
nightly trends (preliminary results)

25

NSB can potentially be a powerful single 
indicator of light pollution in a particular 
location

Early performance of GaN-MN –
nightly trends (preliminary results)

26

YFAO has an unexpectedly large step. 
Specific lighting pattern at the site?
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The Globe at Night - Sky Brightness 
Monitoring Network (GaN-MN)

Project aims:
Standardized night sky measurement method for 
worldwide research on light pollution

Highlight the negative environmental impacts 
of abusive artificial lighting for the general public and 
policy makers

Sustain light pollution public education and 
promote public engagement by live worldwide 
night sky brightness data and night sky measuring 
programs

27

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

Project aims:
Standardized night sky measurement method for 
worldwide research on light pollution  

Highlight the negative environmental impacts 
of abusive artificial lighting for the general public and 
policy makers   

Sustain light pollution public education and 
promote public engagement by live worldwide 
night sky brightness data and night sky measuring 
programs

28

- 86 -



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

Easy to join in the effort

All you need are:
A working SQM-LE with the standard Housing from Unihedron
Power supply and internet connection

Benefits:
Present your results real-time to the world
Let’s fight light pollution together!

29

Thank you!

For more information on the GaN-MN,

1) Visit: http://globeatnight-network.org/
2) Email us at: globeatnight.network@gmail.com or

gan-mn@qq.com

30
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Korea Astronomy and Space Science Institute
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Korea Astronomy and Space Science Institute 
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(Turn OFF the Lights and 
Turn ON the STARs)
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15

SQM LE
SQM LE

: Sky Quality Meter – Lens Ethernet (SQM LE)

Ethernet (LAN )

: TAOS TSL237 Light to Frequency Converter

(320 ~ 700nm )

: Hoya CM 500

: 3.6 2.6 1.1 in. (9.1 6.6 2.8 cm)

5 6V DC adapter

20

mag arcsec^ 2

0.1 mag arcsec 2

30

22

SQM L : $134.99US

SQM LE : $249.99US, $289.94US, $349.94US

http://unihedron.com/
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SQM LE

- 122 -



•

(3/24~3/25) (4/5~4/6)

•

(3/24~3/25), ( 4/21~4/22), (4/22~4/23)

•

,

•

8 4/5~4/6

: , , Ho Koon Nature Education cum Astronomical Centre, Nagasaki Nishiyama Observatory,

: , Zselic Starry Sky Park, Lulin observatory
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Session Ⅲ : SQM User Workshop Chair:  Jason PUN (Universtiy of Hong Kong, Hong Kong)

15:40 – 16:10 Chu Wing SO (Universtiy of Hong Kong, Hong Kong)

Data collection concerns of the Globe at Night – Sky Brightness Monitoring Network

16:10 – 18:00 participants of the korean SQM users

free discussions about using SQM

 





Dr SO Chu-wing

The University of Hong Kong

Data collection concerns of 

Chungbuk National University, Korea
2.5.2016

Before data collection

2
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Selection of a good NSB monitoring 
location

3

Outdoor, open space

Without direct lighting nearby

Without direct lighting nearby

4
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Selection of a good NSB monitoring 
location

5

With mounting fixture(s)

With power and network 
outlets (can be indoor or 
outdoor with protections)

Selection of a good NSB monitoring location –
according to light pollution conditions

6

To study how human factors contribute to NSB, select a 
station in urban:
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Selection of a good NSB monitoring location –
according to light pollution conditions

7

To study natural variations of NSB, select a station in rural:

Selection of a good NSB monitoring location –
according to light pollution conditions

8

Special land usage:
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Examples of good NSB monitoring 
locations - rooftop

9

Examples of good NSB monitoring 
locations – wall corner

10
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Materials needed

11

A set of SQM-LE+H(+PoE)
SQM = Sky Quality Meter
L= Lensed: narrower angle of sensitivity
E = Ethernet: ethernet connectivity
H= Housing: protect SQM-LE
PoE = Power over Ethernet: transmit power and data using the same 
cable

For networking:
A Cat5+ ethernet cable long enough to run from network point 
indoor to installation location outdoor
Internet connection

At least keep online during nighttime
A free network port
Default port: 80

Materials needed

12

For powering
One power outlet (with power extension cord(s))
At least power-on during nighttime
Suggest to apply a timer to switch on the system before sunset and 
after sunrise

For mounting 
A metal pole or wooden pole or railing
A cable gland and/or electrical tape (prefer outdoor grade)
Several cable ties (prefer outdoor grade) and/or stainless steel hoses

Other tools
May require drilling works

- 150 -



13

14
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Operation of SQM-LE

15

Housing:
Weatherproof
Made in PVC
Length ~ 20 cm

Weight ~ 650 g

Power:
Powered by “Power-over-
Ethernet (PoE)”: 48V DC 
400mA to 5 V DC (SQM-LE)
Power consumption < 7 W

< 5.2kWh /month

Data transfer:
< 5 MB / month 

Sensing (SQM-LE):
Remote sensing

No light or radiation emit

Maintenance:
Minimal except 
troubleshooting on power or 
network sometime

After data collection

16
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What can you see (from raw data)?

17

Examples of NSN raw data

NSB data are taken 
every night
They are taken over 
various human 
lighting, 
meteorological, and 
astronomical, etc
conditions.

18
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Factors affected raw NSB data
Sunlight / twilight
Unphysical NSB readings 

e.g., <=10 mag, >= 23 mag 
Aging / light attenuation of optics

SQM-LE s filter
Window of housing

Non-routine lighting events
Stargazing events / private observations
Others: e.g., Earth Hour, holidays

Natural phenomena
Moonlight
Scattered city light from clouds

19

Sunlight / twilight
Sunlight saturates the sensor of SQM-LE
Twilight

Produced by sunlight scattering in the upper atmosphere.
The time between dawn and sunrise, or between sunset and 
dusk.

Expect darker and darker readings after sunset / brighter and 
brighter readings before sunrise
The sky is expected to be free from sunlight when the solar 
altitude is less than -18 degrees. 

Astronomical dark

20
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Sunlight / twilight
The example light curve below shows the contribution of sunlight. 

21

Unphysical NSB readings

22

The example light curve below records unphysical readings during a 
moonless evening.

- 155 -



Aging of optics – SQM-LE’s filter
In the past, the transparency of the filters covering the 
sensor of several units of SQM-LE were found to be 
reduced by up to 1 mag due to frosting.

tiny particulates in the air were carried to the filter glass by 
atmospheric moisture
anti-moisture coating was applied on newer models 

23

Light attenuation of glass window 
of Unihedron housing

The light attenuation of 
the glass is 

claimed to be around 
0.11 mag by 
Unihedron
measured to be around 
0.07 mag by HKU

The long term aging 
effect of the window is 
not known yet

One of the error 
sources

24
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Non-routine lighting events
The example red light curve below was affected by a stargrazing 
event in a rural location during a moonless evening.

25

Non-routine lighting events

26

The example light curves below describe the variations of NSB in 
different locations during the “Earth Hour” event* on 23 March 2013.

* Earth Hour is held annually by WWF which encourages individuals, communities, households and businesses to turn off their non-
essential lights during 20:30-21:30, as a symbol for their commitment to the planet.
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Non-routine lighting events

27

The example red light curve below describes the variation of NSB in 
a urban location during 2013-14 New Year's Eve . 

Moonlight 
The intensity of moonlight depends on lunar phase (F) and altitude

28

F 
F 

V 
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Moonlight 
The example light curve below shows the contribution of 
moonlight (up to about 6 mag arcsec-2) in a rural location when 
the Moon is near full and close to the zenith and the sky is clear.

29

Scattered city light from clouds
Depends on the optical properties of clouds, the scattered 
city light from clouds would contribute significantly to the 
NSB observed. 

The cloud amount is strongly depended on: 
observing location
observing time

30
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Scattered city light from clouds
The example light curve (dashed red: NSB) below shows the contribution of 
scattered light from clouds when clouds (solid blue) rolled in around mid-night.

Measured by the cloud sensor, Ts-a is the temperature difference between the 
ambient and the sky in IR

31

Non-night-sky events
The above factors that polluted the NSB light curves are 
known as “non-night-sky” events

Factors that do not truly reflect the general night sky (light 
pollution) conditions

“Non-night-sky” events
Have to be removed before conducting data analysis
Human events: 

Keep good record of their occurrences for each observing location

Natural phenomena:
Check their occurrences from astronomical almanac, weather data, etc

Details will be discussed in “Non-night-sky events” session.

32
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For additional details
Project website: http://nightsky.physics.hku.hk/
Publications:

Contributions of artificial lighting sources on light pollution in Hong 
Kong measured through a night sky brightness monitoring network
Authors: Chun Shing Jason Pun, Chu Wing So, Wai Yan Leung, Chung Fai Wong 
Journal of Quantitative Spectroscopy and Radiative Transfer 
May 2014, Volume 139, Pages 90-108, DOI: 10.1016/j.jqsrt.2013.12.014
http://www.sciencedirect.com/science/article/pii/S0022407313004950
Night-sky brightness monitoring in Hong Kong - A city-wide light 
pollution assessment
Authors: Pun, Chun-shing, Jason and So, Chu-wing
Environmental Monitoring and Assessment
April 2012, Volume 184, Issue 4, pp 2537-2557, DOI: 10.1007/s10661-011-2136-1
http://www.springerlink.com/content/08814311727512q4/

33
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Date: 3 May 2016
Further Discussion for collaboration about Globe at Night-Monitoring Network 





Dr Jason Chun-Shing Pun & Dr Chu Wing So

The University of Hong Kong

Education and outreach ideas on
Light Pollution

Chungbuk National University, Korea
3.5.2016

Outline
Our first SQM survey:  citizen science

Light pollution: How to measure it?

Knowledge Exchange Fund for Impact Project 2012

Communicating with the public on light pollution:
Secondary school teachers / students
Environmental community
Media
Government 
General public

Looking ahead: Sustaining the efforts

Light pollution: What is it? Why do we care?
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Measuring light pollution
Greensense ( ): Measure with 

a lux-meter, counting the number of 

signboards

Friends of Earth ( ): Invited 

the general public to report abusive 

lighting.

GLOBE @ night: counting of number of 

stars visible at the Orion constellation

3

Sky Quality Meter
portable meter for measuring sky 
brightness

precision ~ 10% 
~US$ 250
Results in units of magnitude per 
square arcsecond (mag/arcsec2)
A smaller reading means a 
brighter measurement

Measuring light pollution:  
night sky brightness

4
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A Survey of Light Pollution in Hong Kong  

5

Assisting organizations:
Hong Kong Space Museum

Ho Koon Nature Education cum 
Astronomical Centre

The Camping Association of Hong 
Kong, China, Ltd
The Sky Observers’ Association (Hong 
Kong)

Invited secondary school students to 
participate (148 students from 28 
schools)

Volunteers reported measurements 
through web-based interface

A Survey of Light Pollution in Hong 
Kong

Briefing session for 
participating students

6
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Press release: June 2009

Almost 2000 measurements taken at 199 locations 
from 171 volunteers

Night sky in urban areas on average 100 times 
brighter than the darkest rural reading. 

7

8
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Launched the Hong Kong Night Sky Brightness Monitoring 
Network (NSN) ( ) with the support of 
another ECF in June 2010

Co-organizers: Hong Kong Space Museum, Hong Kong Observatory, 
Hokoon Nature Education cum Astronomy Centre

Measuring light pollution:  
night sky brightness

9

Internet-ready version of the SQM installed in 18 locations for automatic 
and continuous measurements

Real-time release of results over to the Internet.

Five million individual night sky measurements collected.

Measuring light pollution:  
night sky brightness

10
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Measuring light pollution:  
night sky brightness

Press release March 2013

Night sky at Tsim ShaTsui is over 1000 times brighter on 
average than a pollution-less night sky

The average urban night sky is 15 times brighter than that 
in rural

11

Measuring light pollution:  
night sky brightness

12
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Community Light Pollution Reach-out 
Project (2012-13)

Objectives:

To promote the results from the Hong Kong light pollution study 
conducting in HKU to the public;

To educate school students and the general public the science and 
environmental impacts of light pollution;

To engage the community with light pollution research.

Two components:

1. Secondary school program

2. High impact signature event (Science Roadshow)

13

Community Light Pollution Reach-out: 
School program

Organized workshops for 4 
secondary schools 

Rundown of the workshop:
Lecture;

Measurement workshop;

Portable-dome observation

Exhibition

Student research

14
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Community Light Pollution Reach-out: 
Science Roadshow
Co-organized with the Faculty of 
Science Outreach Team

Science Roadshow at the Avenue of 
during Earth Hour 2013 organized by 
WWF

Contents of the Roadshow:

1. Real-time nights sky 
measurements;

2. Demonstrations;

3. Video presentations 
(https://youtu.be/mc7ipCExGsc );

4. Panel exhibitions
15

Community Light Pollution Reach-out: 
Science Roadshow

16
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Light Pollution Awareness Community 
Engagement Project (2013-14)

Objective: 
To engage the environmental community on the adverse impacts of light 
pollution

To engage secondary school students to conduct light pollution studies in 
their local surroundings
To promote measures to reduce the extent of light pollution in both 
ecologically sensitive rural areas and in urban communities

Hong Kong government consultation paper: Task Force on External 
Lighting Document for Engaging Stakeholders and the Public (Deadline Nov 
18) http://www.enb.gov.hk/external_lighting/

17

Promotion Light Pollution Awareness: 
Research & Photography Competitions (2013-14)

18
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Promotion Light Pollution Awareness: 
Research & Photography Competitions (2013-14)

20

Promotion Light Pollution Awareness: 
Research & Photography Competitions (2013-14)
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21

Promotion Light Pollution Awareness: 
Research & Photography Competitions (2013-14)

22

Promotion Light Pollution Awareness: 
Research & Video Competitions (2015-16)

Program rundown:
Introduction talks on 
light pollution
Briefing of competitions
Field trip to experience 
first-hand impacts of light 
pollution:

– Start from urban city 
center

– Country park firefly 
viewing

– Stargazing in astro-
park
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Promotion Light Pollution Awareness: 
Research & Video Competitions (2015-16)

Communicating with the public on 
light pollution

24
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Communicating with the public on light 
pollution (some personal thoughts)

Secondary School teachers and students:
Open to new ideas (particularly for students)
Teachers and students are extremely busy! 
Independent Enquiry Study of Liberal Studies curriculum

Engagement of teachers essential

Challenges:
Engaging students and teachers for an extended duration, and for deeper 
impact projects
Extending our “core outreach group” from astronomy teachers to liberal 
studies teachers

25

Communicating with the public on light 
pollution (some personal thoughts)

Environmental community:
Enthusiasm and dedication
Knowledge and experience with media 
Appreciative of scientific inputs

Generate synergy

Challenges:
Striking balance between objective 

scientific positions and advocacy

Press conference organized by 
Friends of Earth in 2009 on 

Lights-out campaign 

26
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Communicating with the public on light 
pollution (some personal thoughts)

Stakeholders in the community:
Delivered 1 to 1.5 hour lectures for professional bodies, e.g.

The Hong Kong Institute of Housing 
The Hong Kong Institute of Surveyors , …….

Continuing Professional Development (CPD) point-earning  
Practical concerns from professionals on the ground

Challenges:
Learn the roles of various professionals in the community

Learn the “language” of the different communities 

27

Communicating with the public on light 
pollution (some personal thoughts)

Media:
Light pollution a new issue when we started
80 newspaper/webpage reports, 20 TV/radio appearances
Usually sympathetic of our concerns and willing to listen

Fast-thinking and efficient in learning new ideas and concepts

August 2013
Weekend Weekly Magazine 

( )

28
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Communicating with the public on light 
pollution (some personal thoughts)

Challenges:

Explaining quantitative and logically complex arguments

It was a struggle to explain “The night sky in Tsim ShaTsui is 1000 times 
brighter than the dark standard.” 

Unique to us: A difficult unit to understand! (mag/arcsec2)

Schedule: newspaper reporters usually complete their articles after 6pm 
(prepare for phone calls)

Needs to be very careful with all information released.

29

Ress release phot released

30
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Light pollution of Hong Kong Space Museum over the limit 
by 1200 times.

Light pollution from Hong Kong Space Museum over the 
limit by 1000 times
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Light pollution at/from Wetland Park is severe and affect the 
local ecological environment

Communicating with the public on light 
pollution (some personal thoughts)

Government:
First two projects on light pollution ever funded by Environmental 
Protection Department (EPD).
Huge help from the co-organizers of the project: Hong Kong Space 
Museum and Hong Kong Observatory
Installed our equipment within government properties

Experience of working with officials really varied

Challenges:
Extending the core audience from EPD to other government agencies 
who had a stake in the issue

34
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Communicating with the public on light 
pollution (some personal thoughts)

General Public:
Talks, talks, and more talks… : Space Museum, community weather 
network,  private corporation
Our webpage provides the interface to communicate educational materials 
and research results to the public.
Google analytic provided a means to measure the effectiveness of the 
responses

Challenges:
Communicating with skeptical segments of the public 
Maintaining the momentum

35

How does Hong Kong government deal 
with light pollution?
200 complains on light nuisance and energy wastage each year in 

2009-2012
The Environment Bureau issued “Guidelines on Industry Best Practices 
for External Lighting Installations” in 2012

Provide a reference for the trade and relevant parties in planning external 
lighting projects and their daily operation
Only voluntary “guidelines”, not mandatory

The Bureau set up “Task Force on External Lighting” in 2011, 
conducted public consultation in 2013

Advise the government on the appropriate strategy and measures for 
tackling nuisance and energy wastage problems caused by external lighting
Problem of skyglow is irrelevant to the Task Force
Switch off lighting at either 23:00 or 00:00
The nightly profiles had shown that lighting are normally switched off at 
23:00
Light pollution condition will not be largely improved in short future36
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How does Hong Kong government 
deal with light pollution?

37

Guidelines on Industry Best Practices for External 
Lighting Installations (since January 2012)

38
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How does Hong Kong government 
deal with light pollution?

39

How does other countries with light 
pollution?

Legislative controls against external lighting
Sydney, London, Frankfurt, Shanghai 

assess light nuisance complaints on a case-by-case basis with regard to 
guidelines developed locally

New York City, Los Angeles
legislation relating to external lighting aims to prevent energy wastage of 
lighting installations

Cities with no legislative controls
Tokyo, Singapore, Hong Kong

40
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Hong Kong Night Sky Brightness Monitoring 
Network (NSN) : Mobile Site
Smart phone or tablet users can get real-time night sky brightness

http://nightsky.physics.hku.hk/m
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Registered Participants

Ahn, Woong-Young Jwagusan Observatory, Korea
Bae, Tae-Seok Center of Korea Observatory, Korea
Cha, Jong-Hyeok Chungju Goguryeo Observatory, Korea
Ka, Du-Yeon Hwacheon Choukyoungchol Astronomical Observatory, Korea
Kim, Chun-Hwey, Chungbuk National University, Korea
Kim, Kyum-Ju Jung Nam Jin Observatory, Korea
Kim, Min-Ji Junior Astronomy School, Korea
Kim, Sung-Jin Junior Astronomy School, Korea
Kim, Tae-woo National Youth Space Center, Korea
Kim, Yonggi Chungbuk National University, Korea
Kreiner, Jerzy M. Pedagogical University of Cracow, Poland
Kwon, Bo-Kyung Gwangjin Youth Center, Korea
Kwon, Kyung, Kwangjin Astronomical Observatory, Korea
Lee, Seo-gu Korea Astronomy and Space Science Institute, Korea
Lee, So-Jeong Seoul Observatory, Korea
Lee, Yong-Sun Daejeon Astronomical Observatory, Korea
Moon, Hong-Kyu Korea Astronomy and Space Science Institute, Korea
Park, Dae-Young Muju Firefly-star Astronomical Observatory, Korea
Park, Je-Hoon Yeongyang Firefly Astronomical Observatory, Korea
Park, Ji-won Chungbuk National University, Korea
Park, Ju-Yong Hwacheon Choukyoungchol Astronomical Observatory, Korea
Park, Sung-Un Jungmi Mountain Astronomical Observatory, Korea
Pun, Jason University of Hong Kong, Hong Kong
Shin, Jeong-min Daejeon Astronomical Observatory, Korea
So, Chu Wing University of Hong Kong, Hong Kong
Son, Hyung-Kwan Namwon Aircraft & Space Observatory, Korea
Suh, Kyung-Won Chungbuk National University, Korea
Yoon, Joh-Na Chungbuk National University, Korea
You, Ju-Sang Hwacheon Choukyoungchol Astronomical Observatory, Korea



Organizing Comittee: 

Chun Hwey Kim (CBNU, Korea)
Yonggi Kim (Chair, CBNU, Korea)
Jason Pun (HKU, Hong Kong)
Jerzy Kreiner (PUC, Poland)



International Workshop 
on Night Sky Brightness Measurements

This workshop has been organized by the Institute for Basic Science Research, Chungbuk National University, 
and conducted by the department of astronomy and space science and the university observatory, Chungbuk 
National University




