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Natural components of night 
time light

Approximately equal contributions from 

Starlight 

Zodiacal light (sunlight scattered by dust in our solar 
system) 

Dust comes from comets and asteroid collisions 

Airglow (high-altitude atmospheric emissions caused 
by solar radiation) 

Artificial light quickly overwhelms this delicate balance, 
and makes stars invisible



Dark sites are critically 
important for astronomy

Every 10% brighter the sky becomes from artificial light 
makes the telescope’s effective aperture 10% smaller 

Astronomers are severely affected by light pollution 

The methods used to protect astronomical sites can 
and should be applied everywhere 

Some endangered species (birds, turtles) are also 
affected by light at night, and these species have 
similar lighting needs to astronomers



Mauna Kea is on the island of Hawaii 
Haleakala is on the island of Maui 

Kauai has some of the best lighting in the world because 
of its bird population



Hawaii seen from space

DMSP image from 2009

Haleakala

Mauna Kea



Light travels enormous 
distances

Only the curvature of the Earth stops light pollution 
from distant sources 

Astronomical sites should be concerned about light 
pollution from towns and cities up to 300 km away



Local light sources dominate over distant sources
Honolulu is 300 km away







Population growth
Many of the world’s major observatories are located in 
areas of rapid population growth (usually they are in 
places where the weather is good, which makes them 
attractive) 

Growth regions include Arizona, the Canary Islands, 
Kona coast in Hawaii and the La Serena/Coquimbo 
region 

Population growth must be carefully considered when 
developing lighting requirements for areas close to 
observatories



Central 
Chile: 
1992/1998/2003 
Cerro Tololo, Cerro 
Pachon, La Silla, Las 
Campanas

Cerro Tololo/Pachon

La Serena 
Coquimbo

La Silla

Las Campanas

San Juan, 
Argentina



Canary 
Islands: 
1992–2003

La Palma

Tenerife
Gran Canaria

Los Llanos 11 km 20,000
Santa Cruz 14 km 18,000

Gomera 85–105 km 20,000
Hierro 100–120 km 10,000

Tenerife 105–170 km 853,000

Gran Canaria 220–260km 802,000



Engage all levels of 
government and the public

Unlike the Canary Islands and Chile, in the United 
States, lighting ordinances are typically at the county or 
occasionally state level 

In essence, there is a precedence of county < state < 
federal 

E.g., military installations aren’t required to follow 
county lighting ordinances



Engage all levels of 
government and the public

The public must also be involved and become proud of 
the dark night sky



ISS image of 
island of Hawaii: 
October 2003

Location Brightness Impact
Hilo Town Center 34,000 3

Hilo Mall Area 27,000 2.2
Kona Town 59,000 2.7
Waikoloa 22,000 3
Waimea 17,000 3.2

Hilo Airport 19,000 1.5
Hilo Harbor 19,000 1.5

Kona Airport 30,000 1.6
Pohakuloa 2,300 7.2
Lava flows 5,000 0.2

Lava flows

Hilo Airport
Hilo Harbor

Pohakuloa

Waimea

Waikoloa

Kona Airport

Kona

Mauna Kea



Shielding

Full shielding is the 
single most important 
way to protect the 
night sky 

Glare is much reduced, 
improving visibility and 
road safety 

Impact on astronomy is 
much reduced

Partially shielded

Fully shielded



Impact on 
light pollution

A: 0–70º ideal light distribution 

B: 70-90º contributes to skyglow at 
a distance via reflections, but 
obstructions may mitigate 

C: 90–100º critical emission zone 
that produces skyglow at many km 
distance 

D: 100–120º significant contributor 
to skyglow, unlikely to be obstructed 

E:  120–180º wasted energy that 
causes skyglow; more likely to leave 
atmosphere without producing 
skyglow than C and D



Amount of light

Tasks should be lit with the minimum recommended 
amount of light 

Exceeding the minimum wastes energy 

At lower lighting levels, the eye’s iris will open up 
allowing more light into the eye



Amount of light
The Illuminating Engineering Society of North America 
(IESNA) and International Commission on Illumination 
(CIE) set recommended lighting levels; CIE is typically 
brighter 

Mexico can use IESNA recommended levels 

Europe and Chile light their streets at brighter levels 
at night 

This is partly cultural, and may be difficult to 
change



Dimming and curfews
Most lighting systems are designed for the busiest time 
of night in the early evening 

Later at night, there are less (or no) pedestrians and 
less cars, so lights can be dimmed 

Dimming was almost impossible with high-intensity 
discharge lamps, but is simple with LEDs 

Dimming by a factor of 2 can be almost 
imperceptible, because the iris of the eye 
compensates



Dimming and curfews

Bright lights such as sports lighting can be limited to 
early evening by a curfew 

Curfews create the common misconception that we 
don’t turn on the telescopes until after the lights are 
turned off



Is lighting needed?
Freeways in California are not lit — only intersections 
are lit 

Many highways on Oahu in Hawaii are lit, but are not 
required to be lit 

There has been strong public opposition to adding 
lighting to rural highways that are not presently lit 

Some new neighborhoods on the island of Hawaii are 
asking for no street lights



Spectral energy distribution  
of the light

The single best light source for protecting astronomical 
sites is low-pressure sodium 

It is nearly monochromatic (589 nm, amber in color) 

It is rapidly being replaced by other light sources 

There is now only one manufacturer of bulbs 

Some sizes of bulbs (135 W) are no longer made 

Most lighting manufacturers no longer sell luminaries 
for LPS



Spectral energy distribution  
of the light

High pressure sodium is an acceptable alternative 

Induction lamps, metal halide lamps, mercury lamps 
and fluorescent lamps are very poor choices near 
observatories because of their high blue content 

Blue light scatters easily into telescopes and has high 
impact on dark adapted vision, so blue light should 
be minimized



Light Emitting Diodes (LEDs)

LEDs are rapidly replacing all other forms of lighting, 
and cannot be avoided 

White LEDs produce light from a blue LED and a 
phosphor that converts some of the blue light to other 
colors 

The spectral energy distribution of light from an LED is 
commonly described by its correlated color 
temperature; LED light looks nothing like a blackbody



Light Emitting Diodes (LEDs)
“Cool white” LEDs have CCT of 5000 K, similar to 
daylight, and are extremely damaging to our view of the 
night sky due to their high blue content 

Initially, these were the most energy efficient, and 
many early installations of LEDs use cool white 

“Warm white” LEDs have CCT of 2700–3000 K, similar 
to the color of an incandescent light 

Over the last year, the energy efficiency of 3000 K 
has dramatically improved, and these should always 
be chosen instead of 4000K and 5000 K



Light Emitting Diodes (LEDs)
The blue emission from LEDs is particularly damaging 
to astronomy and casual stargazing, and in any 
locations near to observatory sites, extra steps should 
be taken to suppress the blue light 

Use narrow-band AlInGaP amber LED (but these are 
less energy efficient) 

Use phosphor converted amber LEDs 

These will be used in the Canary Islands 

Use filtered LEDs that have no blue emission 

These are being used on the island of Hawaii



Minimizing the impact of 
LEDs on astronomy

A useful metric for impact on astronomy is photons 
detected at the telescope per lumen of emitted light

Light Source Photons/lumen
LPS 0.87

Filtered cool LED 1.09
PC amber LED 1.15

Filtered warm LED 1.18
2800 K warm LED 1.53

HPS 1.35
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Minimizing the impact of 
LEDs on astronomy

The tremendous advantage that LEDs offer over high 
intensity discharge lamps such as LPS and HPS is the 
ability to light an area with many less total lumens, 
because the light is directed only to where it is needed 

Adjacent yards and street verge is unlit 

For the Island of Hawaii, transition to LEDs also 
provides an opportunity to replace all of the partially 
shielded street lights with fully shielded lights 

Careful alignment and leveling of fully shielded fixtures 
is essential





Measurement

Lighting around observatory sites should be continually 
measured and monitored 

Imaging from space and aircraft is particularly helpful 
to show the major contributors to light pollution 

Long term monitoring from the observatory site is 
also wise, but natural variations in sky brightness can 
hide long term trends that may be difficult to reverse 
if detected too late



2012 ISS image of island of Hawaii



Enforcement

Problems with enforcement of lighting rules exist 
everywhere 

The only place in Hawaii where strong enforcement 
has occurred is Kauai 

Introduction of LEDs required measurement of spectral 
energy distribution, and this makes enforcement more 
technical



Night sky seen from Mauna Kea





Astronomy Picture of the day (April 5, 2012)
Miloslav Druckmüller and Shadia Habbal


