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HKU Light Pollution Photography Competitoin 2014, First runner up “Hong Kong under the 
Castle Peak” (Credit: Leung Hoi Kit)

What can we do to 
help him?



Outline
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• What is light pollution?
• Adverse effects of light pollution

– Light pollution and LED

• Ways to reduce light pollution
• A cultural, behavioural and regulation campaign 



What is light pollution?

4

"Light Pollution" is inappropriate use of artificial 
lighting without consideration of its environment, 
leading to environmental degradation.

Light pollution is excessive light shining 
unnecessarily to unintended places.

More importantly, light pollution is a problem 
that can easily fixed without much extra cost.



Credit: Document for Engaging Stakeholders and the Public (Task Force on External Lighting, Environment Bureau )

Sources of light pollution
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Light Trespass

Light trespass is the light entering people’s home through
windows.

Credit: Yu-Chen Chao, Feng 
Chia University
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Glare

Glare is caused by the direct glimpse of bright light causing
annoyance, distraction or discomfort.

Credit: Yu-Chen Chao, Feng 
Chia University



• Light either emitted directly upwards to the sky or reflected 
upwards (by the ground or by artificial sources) can be scattered
by aerosol (cloud, fog), or pollutants like suspended particulates 
in the atmosphere.

Skyglow

Scattering effects 
stronger in the blue 
than red, causing glare



Luojia-1 2019-02-17 15:57:23Chiang Mai
(Photographed from the outlook up the hill from Wat Sri So da on June 19, 2019; 8:15pm)

Chiang Mai University football stadium 
(light turned off at 10am ?) 

Chiang Mai University parking lot

Photo credit: Sze Leung Cheung, NARIT 



Luojia-1 2019-02-17 15:57:23

http://59.175.109.173:8888/app/single1.html?id=11817

10km

Chiang Mai
(Photographed from the Luojia-1 01 Satellite at 11:00 pm on February 17, 2019)

http://59.175.109.173:8888/app/single1.html?id=11817


Luojia-1 2019-02-17 15:57:23Chiang Mai
(Photographed from the Luojia-1 01 Satellite at 11:00 pm on February 17, 2019)

Top: Near Earth Observatory (NEO) 
Middle: Thai National Observatory (TNO)
Lower: Information Service and Training Center (ISTC)



http://59.175.109.173:8888/app/single1.html?id=11803

10km

Bangkok
(Photographed from the Luojia-1 01 Satellite at 10:45 pm on February 17, 2019)

http://59.175.109.173:8888/app/single1.html?id=11803


Bangkok
(Photographed from the Luojia-1 01 Satellite at 10:45 pm on February 17, 2019)



Image ID: ISS055-E-95111

Pearl River Delta (Hong Kong, Macau and Guangzhou), 2018.02.28, 4:35 am local time

10km

Hong Kong

Shenzhen

Guangzhou

Macau

Hong Kong-Zhuhai-Macau Bridge



Light pollution is a global issue

Ref: F Falchi, et.al. (2016), The new world atlas of artificial night sky 
brightness, Science Advances, 2, e1600377 

Over 80% of 
the world, 
and >99% of 
U.S. and 
European 
populations, 
live under 
light-polluted 
skies 



Adverse effects of light pollution
• Health:
• Environmental:
• Energy:
• Astronomical:

17



Adverse impact of light pollution: Health

• In the 2009 annual meeting of the American Medical 
Association (AMA), the entire 540 House of Delegates of the 
AMA voted unanimously in favor of the Resolution 516.

• Support efforts to control light pollution



Human’s Circadian Rhythm

19
Source: http://peterbristotte.weebly.com/blog/circadian-rhytm-the-hero-and-the-villain

Melatonin production low 
during the day, high at night

Hormones which regulate organ
functions in our bodies



Melatonin

• Melatonin production 
interfered by exposure to 
light at night

• Blue light more efficient in 
suppressing production 
(Melatonin Suppression 
Action Spectrum)



Credit: Kenneth Herdy/FLAP

• Disrupt natural day-night cycle of plants
• Change habits (reproduction and migration) of nocturnal species 
• Reducing total biomass and population size, changing relative 

composition of populations →  reduce biodiversity

Adverse impact of light pollution: 
environmental



Adverse impact of light pollution: energy
• Over 30% of outdoor lighting points to the sky in the US 
• US$ 1.5 billion of electricity and 6 million tons of coal wasted
• Generation of these wasted electricity involves burning of 

fossil fuel, generating green house gas, further damaging 
the environment.



Adverse impact of light pollution: astronomy
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Credit: Jeff Dai (TWAN)
Kaihua County, China
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Credit: Jeff Dai (TWAN)
Kaihua County, China
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Credit: Jeff Dai (TWAN)
Kaihua county, China

Light pollution reduces contrast in the night sky
– Reduce the number of stars visible 
– Reduce accuracy of astronomical measurements 
– Reduce interest of the night sky



Light pollution reduces contrast in the night sky
– Reduce the number of stars visible 
– Reduce accuracy of astronomical measurements 
– Reduce interest of the night sky



Adverse effects of light pollution
• Health: light trespass/nuisance affects sleep,  mental health
• Environmental: nocturnal species, unbalance ecological systems
• Energy: light not targeted for your eyes → wasted energy
• Astronomical:  skyglow from urban lighting
• Others: pedestrians, traffic, safety, agriculture, …
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Light Pollution and LED
• A large-scale conversion of lighting to LED is taking place 

around the world

R  IAU Light Pollution Brochure
https://www.iau.org/public/images/detail/light-pollution-brochure/

Switch over from sodium 
lamps (2010, left) to LEDs in 
(2015, right) in Calgary, 
Canada. (Credit: NASA)

https://www.iau.org/public/images/detail/light-pollution-brochure/


Light Pollution and LED

• LED widely used in large scale outdoor lighting

• LED more energy efficient than traditional lighting

• Negative impacts：

– Rebound effect: deployment of more and brighter lighting

– Scattering effect: spectra of LED has larger fraction of high 
frequency (blue) light



Rebound Effect: from 2012 to 2016
• Area being lit by artificial lighting increases by 2.2% annually
• Total brightness increases by 1.8% annually

Ref: CCM Kyba, et.al. (2017), Artificially lit surface of Earth at night increasing in radiance and extent,
Science Advances, 3, e1701528 



Scattering Effect: LED color temperature
• Why the blue color of LED is a problem?
 Blue light is more easily scattered, spreading impact of light 

pollution wider
 Blue light affects our body clock more by suppressing Melatonin

Ref:  Albert T. L. Lee, et. Al. (2016) , Precise Dimming and Color Control of LED Systems 
Based on Color Mixing, IEEE Transactions on Power Electronics, 31

Common LEDs have spectra 
with strong blue components.  



Dark Sky friendly lighting: 
Phosphor-Converted (PC) Amber LED is less blue than         

white-light LED (4000K) 



What can we do?
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To measure the extent of light 
pollution over large area



1. Measuring Light Up (↑ or ↓↑)
• Remote sensing (DMSP-OLS, VIIRS-DNB, ISS, EROS-B, Luojia-1, Jilin 1)

– Upward light emitted directly from the light sources and light reflected 
off the Earth’s surface.

– Challenging calibration issues but can be overcome
– Large spatial coverage (city → regional → global)
– Low temporal sampling (one overpass per day, e.g., VIIRS: 01:30)
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2. Measuring skyglow ↑↓
• Limiting magnitude (e.g. Globe at Night, since 2006)

– Citizen science project to report conditions of the night sky
– Large geographical (115 countries) & time coverages with low cost
– Uncertain quality of data received

36



2. Measuring skyglow ↑↓
• Measuring Night Sky Brightness (NSB)

– Dedicated measuring devices: e.g., Telescope Encoder and Sky Sensor 
(TESS-W), and Sky Quality Meter (SQM) 

– Can get accurate readings AND good time coverage 
– Reasonable cost (USD 300) and accurate (± 0.1 mag arcsec-2)
– Time coverage provides a direct linkage with light usage pattern 

37

peak @ 540nm

FWHM 
∼240nm

TESS-W SQM

SQM spectral 
response



38https://www.youtube.com/watch?v=mc7ipCExGsc



Measuring light pollution

Light meter
• Measure direct impact due to light 

pollution on your vision
• Unit：Lux (measure illuminance)

– Bigger numbers means brighter 
• Demo： http://goo.gl/LtRF84

Sky Quality Meter
• Measure indirect impact due to 

light pollution on the night sky
• Unit: magnitude per square arcsec 

(Night Sky Brightness, NSB)
– Bigger numbers means dimmer

• Demo：http://goo.gl/LtRF84



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

• One of the major Cosmic Light program during IYL 2015 
• One of the IAU100 Dark Sky for All program
• 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



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

• Standardized method to measure zenith night sky brightness 
(both for astronomical and non-astronomical sites to get full 
impact of light pollution)

• Highlight environmental impacts of abusive artificial lighting for 
the general public and policy makers (full sharing of data)

• Sustain light pollution public education and promote public 
engagement (full collaboration between partners)



Mongolia 1Germany 1
Hungary 2

China 1
Hong Kong 5

Japan 3
Korea 11
Macau 3
Taiwan 5

South Africa 1

Malaysia 1
Thailand 3

37 stations now 
operating in 13 
countries/regions 

Over 60 million data 
entries collected



Data sharing:
1. Live NSB reporting (embedded in Google map)
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http:// globeatnight-network.org/

 Location currently at night: instantaneous real-time data 
 Location currently during day-time: median value of NSB during previous night
 Full sharing of real-time data among participants

From N to S:
Near Earth Objects Observatory (NEO)
Thai National Observatory (TNO)
Information Service and Training Center (ISTC) 



Data sharing:
2. Archival database (accessed through Globe at Night page))

https://www.globeatnight.org/gan-mn.php
(Home page > Maps & Data)

44

• New archival data uploaded once per month 
• Welcome to download to conduct analyses!
• Limited data quality check.  Contact us for details
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• Huge range of NSB among 
stations

• Different latitudes of 
stations lead to different 
sampling time (astro dark 
durations)

• Each curve is unique: 
Depicts the outdoor 
lighting usage at that 
particular location

Average nightly variation 
of NSB for each station

Flyby time of 
night sky mapFlyby time of 

night sky map



What can we do?
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Optimizing the way we use 
lighting



Ways to reduce light pollution
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• Modify existing lighting (shielding, bulb, angle, etc)
• Reduce abuse of outdoor lighting (time of use, light 

intensity, location, flashing pattern)
• Design lightings to become more dark-sky friendly (e.g., 

PC Amber LED)





Examples of dark-sky friendly lighting

Credit: Yu-Chen Chao, Feng 
Chia University



Outdoor Lighting Directory

http://nightsky.physics.hku.hk/STEM/lightdir/



Reporting outdoor lighting which reduces 
or causes light pollution

1.
Identify lighting 
which reduces or 
causes light 
pollution

2.
Take a photograph

3.
Record position / 
time/ lighting-type

4. Submit through the Outdoor Lighting 
Directory

https://goo.gl/MNMSo7 



What can we do?

52

A cultural, behavioural and regulation 
campaign against light pollution



Communicating with the public on 
light pollution



• Distributed portable SQM to 
participants (high school 
students, amateur astronomy 
groups, camp-site managers, 
…) 

• Report NSB readings through a 
web interface

• Over 2000 measurements 
from 199 locations with 171 
participants

Communicating light pollution: 
citizen science

Student Briefing

5
5



• Organized workshops for secondary 
schools 

• Rundown of the workshop:
– Lecture;
– Measurement workshop;
– Portable-dome observation
– Exhibition
– Student research

• Invited students to study surrounding 
lighting in the community and 
conduct SQM measurement

Communicating light pollution: 
school workshops



• Allow secondary school students to participate in light pollution research
• Allow students to use innovative means to spread the message of light 

pollution reduction and dark sky preservation
• Students advocate for light pollution reduction in their own communities

Communicating light pollution: 
school competitions (research, photograph, video)
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HKU Light Pollution Photograph Competition 2014, Champion “Light Polluting home” 
(Credit: Kwok Man Tai)
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https://bit.ly/2XPI3qz

Light Pollution Video competition 
champion “To Cast a Bright Light” 
(Credit: Leung Yu Hang Crystal)
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Winning works of the student competitions were presented at 
a special public exhibition at the Hong Kong Space Museum



Star  Night  Hike light pollution field trip 
1. Light Pollution public lecture

2. Briefing of the competition

3. Experience effect of light pollution first-hand

 Started in City Center
 A short hike through Country Park to see 

fireflies
 Ended at Astronomy Park for stargazing

Communicating light pollution: 
school activities (teacher workshops, field trips)



• STEM:  S (Science) T (Technology) E (Engineering) M (Mathematics) 
• Dark-sky-friendly Light Fixture STEM Competition
• Expanding our presence and reach by co-organizing with lighting engineers 

at Department of Electrical Engineering

Communicating light pollution: 
school competitions (STEM)



• Allow secondary school students to use STEM knowledge to come up with 
innovative designs of lighting which can reduce light pollution

• Public exhibition of the winning entries to spread the Impact
• Student enjoyed the experience introducing their own work to the public

Communicating light pollution: 
school competitions (STEM)
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Communicating light pollution: 
Integrating into school curriculum

Liberal Studies textbook, 
Lower Secondary 1-3

HKU team interviewed and featured in 
an official Education Television segment 
on light pollution

75863 views



6
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Communicating light pollution: 
science roadshow: HK SciFest (annual)



Communicating light pollution: 
I Love the Night Sky  Stargazing is Fun



• Earth Hour is an annual global 
environmental activity (organized by 
World Wide Fund for nature, WWF) 

• Lights of buildings turn off for one 
hour as a symbol of commitment to 
the planet

• Turning off of light in landmark 
buildings across the globe provide a 
spectacular backdrop to explain 
impacts of light pollution

6
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Communicating light pollution: 
science roadshow: Earth Hour



• Organized a Science Roadshow at the 
Hong Kong Harbor front during Earth 
Hour 

• Allow participants to experience the dark 
sky when many city lights are out

• Contents of the Roadshow:
1. Real-time nights sky measurements;
2. Demonstrations;
3. Video presentations 

(https://youtu.be/mc7ipCExGsc );

4. Panel exhibitions

6
9

Communicating light pollution: 
science roadshow: Earth Hour

https://youtu.be/mc7ipCExGsc


http://nightsky.physics.hku.hk/KE/201718/
https://hk.news.appledaily.com/local/realtime/article/20171204/57538882

Communicating light pollution: 
Be a responsible stargazer • Enjoy the meteor shower

• Meteor shower is an astronomical event that attracts public attention 
• Use research data from light pollution study to calculate predicted 

number of observable meteors



http://nightsky.physics.hku.hk/KE/201718/
https://hk.news.appledaily.com/local/realtime/article/20171204/57538882

Communicating light pollution: 
Be a responsible stargazer • Enjoy the meteor shower

• Infographics to explain science of meteor showers
• Explain how number of meteors observable is related to light 

pollution, thus promoting light pollution reduction
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Communicating light pollution: 
Engaging the stakeholders

Hong Kong Green 
Building Council 

Almost 20 talks delivered at professional 
societies to introduce light pollution, its impacts 
and discuss possible solutions that benefit both 
parties 



• Light pollution was a new issue when we started in 2003
• 185 newspaper/webpage reports, 40 TV/radio appearances 

including CNN, Wall Street Journal, Financial Times, CCTV, …
• Usually sympathetic of our concerns and are willing to listen
• Fast-thinking and efficient in learning new ideas and concepts

November 2015
German-French ARTE Channel

“Loss of the Night”

May 2005
TVB Sunday Report
(星期日檔案)

Communicating light pollution: 
Engaging with the public media



Charter on External Lighting (Jan 2016)
Government invites outdoor lighting owners to voluntarily turn off 
decorating, promotional and advertising light that affects the 
environment at pre-set time

Platinum：11pm to 7am
Gold ：12am to 7am

Signatories
(up to May 2018)：
4,230 (Platinum)
1,058 (Gold)

ARegulation campaign against light pollution



Policy Address 2018

281. The Government has 
tasked the Working Group 
on External Lighting to 
review the effectiveness of 
the Charter on External 
Lighting and to study how 
to further regulate 
external lighting.

Mrs Carrie Lam
Chief Executive of Hong Kong SAR

Hope for more good news to come in the future



Jun 21, 2009 Before “Dim-it”

Credit: Sedonia Shu, Eimund Loo



Jun 21, 2009 After “Dim-it”

Credit: Sedonia Shu, Eimund Loo



It is never too late to fight against light pollution!

Thank you

Dr Jason Pun (jcspun@hku.hk)



Back up



• Manufacturer: Unihedron (Canada)
• Light sensor: TAOS TSL237 High-Sensitivity Light-

to-Frequency Converter
• Near-IR blocking filter: 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)
– Reasonable price (US$350)

80

Figure source: Unihedron

Sky Quality Meter – Lens Ethernet (SQM-LE)



Methodology
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Angular response function of 
SQM-LE

(Cinzano 2007)

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

(Cinzano 2005)

FWHM ∼20o

peak ∼540nm

FWHM 
∼240nm



• 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 offsets 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)
82

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-band

SQM-LE



GaN-MN Night Sky Brightness (NSB) 
database: data flow

83

Cloud-based 
databaseGaN-MN 

stations

Temporal variations of NSB 

Real time display of 
measured NSB (webpage 

managed by cloud)

data files in 
standard 
format
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