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Background

“Light pollution is light that does not contribute to safety or
utility.” This is the formal definition of light pollution.

Light pollution is wasted light. It is light that sprays where it is
not wanted, such as up into to night sky or needlessly into peoples’
eyes. It is caused by badly designed or placed streetlights, billboard
lights and outdoor lighting.

An increasing amount of people are not longer able to enjoy the
beautiful night skies that people for generations have been able to
take pleasure in. Light pollution is as important as air and noise
pollution but not as well known.

By increasing awareness of this issue, we can save our
beautiful, starry skies for future generations.



Purpose

The purpose of my science fair project was to educate myself and
others on the issue of light pollution. | wanted to become more familiar with
the “good” and “bad” outdoor lighting fixtures that people are using both for
residentially and commercially.

| planned to observe the design of outdoor lighting and discover how
this affects the efficiency and effectiveness of the job which the lighting was
intended to do.

| wanted do a rough estimate of a star count to see how many star
are visible in each of the four areas Tobermory, Lion’s Head, Wiarton and
Owen Sound to see if the light pollution diminished the amount of stars |
was able to see.

| also wanted to study how astronomy is affected by light poliution in
my community and the three surrounding communities and to see if the
population of a city is directly connected to the amount of light pollution that
city emits.

| was interested to find which lens yields a higher amount of light
pollution, the old drop lens, high pressure sodium or the new retrofit, flat
lens high pressure sodium that | see in my town.

I will research a plan to help neighbours construct a light shield to
reduce unwanted light, as well as where to place an outdoor fixture (height
and distance from property line).

| was interested as well to discover how light poliution affects the
environment for humans and animals.



Hypothesis

| believe that outdoor light fixture will not do the appropriate job

that they are intended to do. | think this because the streetlights
‘outside my house shines very brightly, making it difficult to sleep. |
also noticed the lighting in many areas is extremely bright and glary.

| think the Owen Sound will have less visible stars than both
Tobermory and Lion’s Head. | think that Wiarton will have limited
stars visible as well. | think this because Owen Sound and Wiarton
have a larger population compared to both Tobermory and Lion’s
Head.

| believe that the amount of light pollution will be directly related
to the population of a given city, the higher the population, the vaster
the sky glow will be.

| also think that | will find that the new retrofit, flat lens
streetlight will cause less light pollution than the old sag lens
streetlights. 1 think this because | can tell without any light measuring
equipment that the retrofit lights are less invasive at night.

| feel | will be able to find a plan to help construct an
inexpensive light shield and a formula to determine where to properly
place a residential light so not to intrude on neighbours.

My hypothesis is that light pollution will be devastating to
animals and humans. | think this because I've heard of many cases
when birds are found dead at the bottom of brightly lit buildings. |
know that when the streetlight shines into my bedroom at night, |
can’t get enough sleep so | don't feel productive the next day.



Procedure

First | went onto the internet and found information about the
different types of outdoor lighting (streetlights, billboard lighting,
storefront lighting, etc) and information regarding how light pollution
affects humans and animals.

I purchased a copy of SkyNews, night sky, and Astronomy
(all March/April 2005) for references for the seasonal star chart and
general information.

| conducted 6 experiments:

Experiment #1: The study of “good” and “bad” outdoor lighting

1.

2,

Decide which four towns to conduct this experiment upon.
Find distance of each town from home base (Tobermory).
Travel around Tobermory photographing streetlight,
billboard lights, and globe lights in both the daylight and
night.

Travel 50 kilometers to Lion’s Head, 77 kilometers to
Wiarton, and 110 kilometers to Owen Sound.
Photographing different outdoor light fixtures and
billboards in daylight and waiting until the sun goes down
and taking photos of same lights after dark.

Take digital camera to Wal-Mart and have pictures
developed.

Classify pictures, pairing up the day and night photos of

lights and billboards. Match the photos taken with the
examples of excellent, fair, and bad lighting from the
internet and brochures.

Experiment #2: Star count of the four chosen towns

1.

Make a star box for counting the stars in the towns. Use
a piece of card stock for the frame. Cut a square 20 cm
by 20 cm, then measure 3 cm all the way around and cut
out the middie leaving a 3cm border. Cut a piece of string
40 cm long and tape one end of the string to the corner of
the frame.

Decide on an evening using a twilight table. The evening
should be when the sun is low enough below the Western



Horizon that twilight doesn'’t interfere. This is after a time
called “Astronomical Twilight” (when the sun is 18
degrees below the western horizon.) Do the count before
moonrise, specifically 1 hour and 12 minutes prior to
moon rise, so any “moon astronomical twilight” doesn’t
reduce the star count. Count needs to be done within 2
1/2 hours due to the errors associated with the Earth’s
rotation.

Use a star chart to determine where the star
constellations are. Start with Polaris, as it is in a location
in the sky that will not vary much with the time it takes to
travel to all four towns. Tape the string that is attached to
the star box to shoulder and hold frame in front so the
string is fully extended.

Look through the frame at Ursa Minor with Polaris in the
center of the star box. Count the stars visible in the box
and record. Move to the end of the bow! (closest to
Polaris in the Big Dipper). Move to the bowl of Ursa
Minor and next count the stars in the handle of Ursa
Major. Finally put your star box on Corona Borealis and
count the stars.

Repeat this for all four towns in a location of similar
elevation. Find the average of all samples for each town
and multiply by 40 to find an estimate of stars visible in
the night sky. 40 is the amount of star boxes it would take
to cover the entire sky.

Compile results determining how much light pollution
each town has and the estimate of stars each town has
visible to them.

Experiment #3: Observe Sky Glow in each of the four towns

1.

Pown

Contact a photographer (Ethan Melag) to help take
photographs of Tobermory, Lion’s Head, Wiarton and
Owen Sound’s sky glow.

Research population of the four towns.

Locate a map showing the four towns.

Travel to a location 1 kilometer from the main town and
photograph pictures of night sky.



5. Use Walker's Law to determine the sky glow for each
town. The formula for Walker's Law | = 0.01Pd?® where
| = increase in sky glow level above the natural
background and P is the population of the city
and d is the distance to the centre of the city in km.

Experiment #4: \Which lens design yields a larger amount
of light poliution.

1. Take photograph of both old dropped lens high
pressure sodium lights and the new retrofit flat lens
high pressure sodium light.

2. Record the wattage of the lights. Newer retrofit lamps
have a yellow sticker on the fixture stating wattage (eg,
10=100 or 15=150). Older lights have the wattage on
the lamp.

3. Take a reading with a light intensity (lux) meter of all

- the samples of lights. Begin with the first reading
directly under the lamp. Next, take a reading at 0
degrees, 45, 90, 135, and 180 degrees. Record all
results. This is measured in Electron Volts (eV).

4. Lux is the measurement of light intensity. Electron
Volts can be converted using this formula:

Lux=2.5x10eV

Where eV represents the energy value of the street

~lamps found from the light intensity meter.

5. The value of other light that would occur naturally is 1.1
lux. Subtract this from Lux to get the Final lux.

6. Follow this procedure for all the samples and record
results.

Experiment # 5: Making a shield.

1. Measure the outside diameter of the light housing
where the plastic lens attaches.
2. To find the circumference around that diameter use
the following formuia: D = diameter
R = radius = D/2
C = circumference



n=3.1416

. The formula to find circumference is C = 2 tR.

Add 1or 2 inches or 2.5 to 5 centimeters to this

number before you cut.

5. Cut the flashing the predetermined measurement
(the extra allows for overlap).

6. Connect two hose clamps together and secure
around the housing unit.

7. Attach to the light by placing the shield between the
light and the clamps.

8. Total cost of this is less than $10.00 and now all the
light remains on the property.

AW

Experiment # 6: Suggestions for proper outdoor fixture
placement.

1. Use the formula H = 3ft + D/3 or
metric ( H=.91m + D/3)
H = Height of fixture
D = Distance to fixture from the property line,
to determine fixture placement and height.




Results

Experiment #1

Location Kind of Type of Glare Mounted Good or
Light Lamp Scale 1-5 Bad
Owen Sag lens HPS 4 Own pole Bad
Sound
Staples
Owen Spotlight MVL 3 Own pole Fair
Sound
Grey
Motors
Owen White MVL 4 Own pole Bad
Sound globe
Street light
Owen Wall MVL 1 On side of Good
Sound mounted building
Home flood lights
Depot 1
Owen Cluster MVL 4 Own pole Bad
Sound Reflector in a group
Home
Depot 2
Wiarton Globe light MVL 5 Own pole Bad
Post Office
Wiarton | Typical wall MVL 4 Mounted Bad
Tim pack on side of
Hortons 1 building
Wiarton Shoe box MVL 5 Post top Bad
Tim with a sag
Hortons 2 lens
Wiarton Drop lens HPS 5 Cobra Bad
Street Cobra Head Post
lights Head
Wiarton Full cut off HPS 1 Board Excellent
Rankin (down) attached to
River sign on
Trading Co. building
Lion’s Typical HPS 4 Mounted Bad
Head Wall Pack on side of
B.P.D.S. 1 building
Lion’s Post top MVL 1 Own Pole Fair
Head with top with shield
B.P.D.S. 2 shield on top




Tobermory | Drop lens HPS Mounted to Bad
Maple Golf Cobra hydro pole
Crescent Head
Tobermory | Spotlight MVL Mounted Bad
Ferry Dock on pole in
Parking pairs
Lot1
Tobermory | Globe light MVL Own pole Bad
Ferry Dock ‘ ona
Parking Lot horizontal
2 pole
Owen Spotlight MVL Mounted to Bad
Sound illuminating bottom of
Billboard | from below billboard
Tobermory No light none 0 Excellent
Billboard used.
Reflective
lettering
Definitions
Kind of light

Sag light- A portion of the light goes uselessly sideways and upward,
creating a glare, adding to light trespass and sky glow.

Spotlight- Light is not directed completely on the target spilling light
sideways. Also referred to as a “prison yard” look and should not be

iean

tiIseda:

White globe- They look good in daytime but are very wasteful at
night, because most of the light goes sideways and up into the sky
because they are open on the top.

Wall mounted flood lights- They direct light just to the desired place
on the wall. They have a top and side shield controlling the escaping
light.

Cluster reflectors- A group of lights that scatter light both horizontally
and downward. They contribute to light pollution.

Typical wall pack- These lights produce enormous glare and uplight.



Shoebox with sag light- Light is a shoebox shape (usually throwing
light forward) but with a sag light it sprays light in all directions.

Drop lens cobra head- Designed for a wide road coverage but it still
emits glary sidelight that dazzles motorists or sleepers.

Full cutoff (down)- This light directs light ONLY to the desired
location, and not to the side or upwards. It has a large brim which
controls light pollution.

Post top with light shield- If the post is too tall the light cannot be

directed to the ground and will mostly shine wastefully elsewhere.

The top shield controls the light from shinning upwards, however
most light shines sideways and is not directed down.

Spotlight illuminating for below- These lights are for lighting up
billboards or storefronts. They lose light skyward, wasting energy
and adding to sky glow.

Reflective lettering-Although not a light, this is the most effective way
to light up a billboard without causing sky glow and saving energy.

Types of lamp

HPS-High pressure sodium lamps are pinkish or amber in colour. Its
main usage is outdoors, for street lighting, and other such
applications. It is generally more energy efficient than metal halide
and is a good choice when true colour is not critical. It is very
common.

MVL- Mercury vapour lamps are commonly used for a number of
outdoor applications, such as “security lighting” as well as indoor for
some applications. It has a long life. Light is produced when an
electric current passes through the mercury vapour.



Glare

Glare-Estimate the amount of glare on a scale of 1 to 5, when 1 is “no
glare at all” and 5 is “very glary”.

Mounted

Mounted This describes what and how a light is attached. It may be
on a pole of its own or attached to another pole.

Good or Bad

Fair- This indicates that the light is not too glary and does not
contribute to light pollution too much.

Good- This indicates that the light is not doing a large amount of
damage to the environment and that a large number of stars can still
be observed.

Excellent- Excellent would be used when the lighting was not
interfering at all or very little with someone enjoying the dark sky or
sleep or does not affect the animal kingdom.

Bad- These lights cause bad light pollution and damage to the

environment as well as humans and animals.
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Lion’s ~ Typical Mounted
Head Wall Pack on side of
B.P.D.S. 1 , v building
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Tobermory | Spotlight MVL Mounted Bad
Ferry Dock on pole in
Parking pairs

Lot1




Tobermory | Globe light MVL 5 Own pole Bad
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View From Hillcrest Public School




Downtown Owen Sound, Ontario
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Example of Good and Bad Lighting

useful light

! useful light

*

As a security light, this dusk-to-dawn fixture leaves much to be desired. It has a great deal of glare,
blinding observers. The light output is harsh, and there are strong shadows. With the glare and shadows,
it is most difficult to see, and it is easy for any criminal to hide. They don't mind this kind of light at all.
The only "plus” factor is the feeling of security that the light generates in the unaware. Real security is
lacking. Glare and brightness don't insure security. What to use instead, for a real security light? Three
suggestions:

a. Use a low wattage (18, or 35, or 55 watt) low pressure sodium fixture, as a wall pack or with
other mounting. There is lots of light, litie or no glare (especially with a full cutoff or sharp cutoff
fixture), and no sharp or deep shadows. One is not blinded, one can see. Visibility is the goal.
These fixtures offer excellent visibility.

b. Use an infra-red sensor spotlight fixture. The spotlights only come on when the sensor senses
movement. Any intruder will be scared off by the sudden turm-on of the spots. You are alerted.
Energy use is minimal. What could be better? This type of fixiure is a great security lighting
system: effective, cost effective, quality lighting.

c. Use one or more low-wattage compact fluorescent lamps in well-shielded fixtures. The light
level is adequate, and you save a great deal of energy.




Figure 1

What is a True Full Cutoff Outdoor Lighting Fixture?

Flat glass lens, eliminates or minimizes direct glare, no upward throw of light. The housing for
these fixtures are available in many styles.

Same fixture as above mounted incorrectly — defeating the horizontal mounting design. The fixture
now produces direct glare. and can also nroduce uplight at steeper mounting aneles.

Known as just "Cutoff" Center "drop” or "sag" lens with or without exposed bulb, produces direct glare.

Hailey Zoning Ordinance 8 October 2003
Atrticle 8B — Outdoor Lighting



FIGURE 2
85" Full Cut-Of Fixture
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FIGURE 3
Partially Shielded
(translucent stding - bulb not vigible)

FIGURE 5
Unshielded with Opaque Top
(less than 375 lumens)

FIGURE 7
Diraslienal Flocd Light

October 2003



Examples of Acceptable / Unacceptable Lighting Fixtures

Unacceptable / Discouraged Acceptable
Fixtures that produce glare and light trespass Fixiures that shield the light source to minimize glare and light trespass
and to facilitate better vision at night

BDE | 2 =
,.!351

shield too small
s ineffective

fiat lens Full Cutoff Fixtures \‘

Unshielded Floodiights
or Poorly-shielded Floodlights

Fully Shielded
Wallpack & Wall
Mount Fixtures

Unshielded Wallpacks &

Unshielded or Poorly-shielded axposed
Wall Mount Fixtures o7 oneld | fjposhed

o

Drop-Lens & Sag-Lens Fixtures
w/ exposed bulb / refractor lens

Fully Shielded Fixtures

Unshielded Streetlight

@ Unshielded
‘Period’ Style

Fully Shielded
‘Period’ Style
Fixtures Fixtures
— bulb shislded
in opaque top
Unshislded g\g Fully Shielded
Security Light Security Light
Unshielded PAR Drop-Lens Canopy Shielded / Properly-aimed Flush Mounted Canopy
Floodlights Fixtures ¢ Fixtures

\Q

BC 10/02



- | Good Neighbor [[iipll:3Neine

PRESENTED BY THE NEW ENGLAND LIGHT POLLUTION ADVISORY GROUP (NELPAG) AND SKY PUBLISHING CORP.

What is good lighting? Some Good and Bad Light Fixtures

i
i

Good outdoor lights improve visibility, safety, and a
sense of security, while minimizing energy use, oper-
ating costs, and ugly, dazzling glare.

Why should we be concerned?

Many outdoor lights are poorly designed or improp-
erly aimed. Such lights are costly, wasteful, and dis-
tractingly glary. They harm the nighttime environ-
ment and neighbors’ property values.

KB Here's the basic rule of thumb: If you can see
the bright bulb from a distance, it’s a bad light. With
a good Jight, you see lit ground instead of the daz-
zling bulb. “Glare” is light that beams directly from a
bulb into your eye. It hampers the vision of pedestri-
ans, cyclists, and drivers.

BRGNS ER Poor outdoor lighting shines onto

neighbors’ properties and into bedroom windows,
reducing privacy, hindering sleep, and giving the area
an unattractive, trashy look.

ELSEVANERTE Many outdoor lights waste energy by
spilling much of their light where it is not needed,

Typical "Wall Pack”

Typical “Shoe Box™
(forward throw)

BAD

GOOD

Typical “Yard Light”

Qpaque Reflector
(lamp Inside)

such as up into the sky. This waste results in high
operating costs. We waste over a billion dollars a
year in the United States needlessly lighting the
night sky.

ISR Rays that beam uselessly above the hori-
zon create murky skyglow — the “light pollution” that
washes out our view of the stars.

How do 1 switch to good lighting?

Provide only enough light for the task at hand; don't
over-light, and don't spill light off your property.
Specifying enough light for a job is sometimes hard
to do on paper. Remember that a full Moon can
make an area quite bright. Some lighting systems
illuminate areas 100 times more brightly than the

Area Flood Light

Area Flood Light
with Hood




full Moon! More importantly, by choosing properly  what You Can Do To Modify Existing Fixtures
shielded lights, you can meet your needs without

bothering neighbors or polluting the sky.

) Aim lights down. Choose “full-cutoff shielded” fix-
tures that keep light from going uselessly up or side-
ways. Such fixtures produce minimum glare. They
create a pleasant-looking environment. They
increase safety because you see illuminated people,
cars, and terrain, not dazzling buibs.

Install fixtures carefully to maximize their effective-
ness on the targeted area and minimize their impact
elsewhere. Proper aiming of fixtures is crucial. Most
are aimed too high. Try to install them at night,
when you can see where all the rays actually go.

Properly aimed and shielded lights may cost more Change this . .. to this
initially, but they save you far more in the long run. (install vison
They can illuminate your target with a low-wattage
bulb just as brightly as a wasteful light does with a
high-wattage bulb.

3 Choose energy-efficient low-pressure sodium (LPS)
or high-pressure sodium (HPS) lamps wherever yel-
fowish light will do the job. Use less efficient white
lights only where ideal color rendition is important.

Where feasible, put lights on timers to turn them off
each night after they are no longer needed. Put home
security lights on a motion-
detector swjtch' which turns Change this . .. tothis. .. or this
them on only when someone
enters the area; this provides a

- -great deterrent effect!

Changethis... to this
{aim downward)

Replace bad lights with good lights.
You'll save energy and money.

You'll be a good neighbor. And

you'll help preserve our view 7
of the stars. YARD LIGHT OPAQUE REFLECTOR "~ SHOE BOX

Presented by the

New England Light Poliution Advisory Group (NELPAG)
{http://cfa-www.harvard.edu/cfa/ps/nelpag.htmly and

Sky Publishing Corp. (http://www.skypub.com/).

NELPAG and Sky Publishing Corp, support the
International Dark-Sky Association (IDA) (http.//www.darksky.org/).

& TELESCOPE |8

We urge all individuals and groups interested in the problems of light sky Publishing Corp.
pollution and obtrusive lighting to support the IDA and subscribe to its 49 Bay State Road
newsletter. IDA membership costs $30 per year; send your check to IDA, cambridge, MA 02138

3225 N. First Avenue, Tucson, AZ 85719, USA. www.skypub.com



Information Sheet 122 (May 1997)
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Internationaf Dark-Sky Assoclation ~ Information Sheet 122

Examples of Good and Bad Lighting Fixtures

O Even post-top oramental
fixtures, like this Salem Cutoff from
GE Lighting, can be cutoff with
clear panels and lamp/reflector
located above.

GOUD Flat-lens cobra head
fixtures, like this American Electric
Series 125 Roadway Cutoff
luminaire, provide excellent
roadway lighting with greatly
reduced glare and no uplight.

GO0 Many existing dusk-to-
dawn security lights and residential
streetlights can be retrofitted with
the Hubbell Skycap.

{20038 The Yorktown, another
ornamental from Emery Fixtures,
also has clear panels and bulb
located above for maximum glare
and spill light control.

GOOD This new generation of
flat-lens cobra head fixture from
American Electric, call the
DuraStar 2000, provides superior
lighting uniformity at standard

mounting heights and spacings. -

GCOD The Hubbell Skycap turns
any standard Barn Light into a
full-cutoff light with wide area
coverage.

http://www.darksky.org/infoshts/is122. html

BAD Non-cutoff fixtures like this
"acomn” ornamental cause light
pollution.

BAD The ubiquitous drop-lens cobra
head luminaire produces a level of
glare and uplight that is both
unacceptable and unnecessary.

BAD Barn Light style fixtures are
very inefficient, sending about 20%
of the light upward and another 20%
korizontally outwaid, creating glare.

3/22/2005
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HHoImauon SicCt 1.4 (May 13757)

GOOD Flat-lens shoebox fixtures
come in many forms; square,
rectangular, circular, etc. All
control the light with internal
reflectors. Glare and light trespass
are minimized; no uplight is
produced.

GOOD Full-cutoff wall packs such
as this mcPhilben 101 Wall Sconce
make excellent entryway and
building perimeter lights, and there
is enough forward throw that
adequate lighting is provided for
near-building parking.

<o0p If floodlights must be used,
they should always have top and
side shielding, and be pointed at
least 45 © below the horizontal,

GO0D Post-top flat-lens shoebox
fixtures like this one provide
good area illumination without
light pollution.

GOOD Recessed canister lights
built into the eaves or canopy of a
house, garage, or other building is
the first choice for lighting
building exteriors.

Page2 ot 2

BAD (sometimes) The telltale sag
lens gives this luminaire away as a
possible problem. If the lens is clear
and very shallow, and the bulb
wattage is not too high, this type of
light can cover a wider area without
too much glare or uplight, but
beware!

BAD Wall packs like this should
never be used. They produce
enormous glare and uplight.

GOOD Even sports lighting can
be done well, if one uses cutoff
light fixtures such as these from
Soft Lighting Systems.

BAD Unshielded floodlights provide
a trashy "prison yard" look and
should not be used.

© IDA In¢., 3225 N. First Ave., Tucson, AZ 85719-2103 USA
Telephone: 1-520-203-3198 Fax: 520-293-3192 E-mail: ida@darksky.org Web: www.darksky.org

http://www.darksky .org/infoshts/is122. html

3/22/2005



KLwXprage

Shielding Petroleum Retailer Canopy Ligh

UNSHIELDED

, GLARE 7 . GLARE ;.

USEABLE 4
| ILLUMINATION

EHINES GLARING LIGHT EVERYWHERE
CREATES LIGHT TRESPASS

REDUCES PUBLIC SAFETY

GLARE REDUCES VISION

SHIELDED

4-SIDE
o SHIEL
T MATO

< USEABLE >
ILLUMINATION

SHINES LIGHT ONLY WHERE NEEDED
CONTROLS LIGHT TRESPASS
IMPROVES PUBLIC BAFETY
REDUCES VISIBLE GLARE
INEXFENSIVE REMEDY
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Glossary of Light Pollution-Related Terms

full cutoff

Describes a light fixture designed to emit no light at or above the horizontal (90
degrees). Such lights are desirable for their efficiency and lack of glare.

glare _
Glare is light that draws attention to the light source itself, rather than what the

fixture should be illuminating. The points of light seen in city- and streetscapes
are the result of glare. Fully shielded lights produce no glare. Glare is known to
have serious effects on the vision of motorists at night.

high-pressure sodium
This light source uses slightly more electricity than low-pressure sodium, but less
than metal-halide or mercury-vapor. It has a yellow color like LPS, but unlike

LPS, the light fades some with age.
light trespass |

Light which shines into neighboring properties or is of an undesirable or obtrusive
nature. Floodlights and yard lights which spill over into neighbor's yards and
windows are common examples of light trespass.

low-pressure sodium
The most energy-efficient and least pollutive light source. It emits all of its light
into a narrow range of wavelengths, which can be filtered out easily by
astronomers. LPS produces a deep yellow light which does not render colors well,
but has excellent visibility and is well-suited to security and utility lighting.
Fixtures using LPS do not suffer from fading over the years. In commercial
situations where a truer color is desired, such as car lots, metal-halide light can be
interspersed with LPS to restore colors.

- mercury-vapor--- - - - - T U,
This light source is one of the least energy-efficient and its use is highly
discouraged. It emits a portion of its light at wavelengths which are useless for
illumination purposes, but which interfere with astronomy and are difficult to
filter out. Mercury vapor's blue-green light is subject to severe dimming with age.

metal halide
A light source similar to mercury-vapor, but with a whiter color.

uplight
Artificial light that is cast upward toward the sky or into the horizontal plane.
Obviously, uplight is a major cause of energy waste and light pollution.
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s Light Pollution Fact Sheet

Our goal is to encourage quality lighting! We are NOT against night lighting.
The 100 inch diameter telescope at Mt. Wilson Observatory, which overlooks

Manthly Pragrams the Los Angelas basin, is only 11% as effective as when it was built. This

Contact Us telescope is severely limited in its research capabilities because of light
pollution. 1 billion dollars ($1,000,000,000) is wasted each year in the United

NSP States by lighting up the sky. This wasted light serves no purpose for safety,

Hyde Gbservatory security or utility......it is simply wasted energy! We want to start NOW to
preserve as best as we can the sky above Holmes Park and Hyde
Observatory.

Components of light pollution include:

1. Light trespass - Spill light coming from another property.

2. Glare - From seeing the bright filament of an unshielded light,
troublesome and dangerous.

3. Clutter - Excessive grouping of lights, causes confusion as well.

4. Energy waste - Costing us over One Billion Dollars a year in the U.S.A.
alone.

5. Urban sky glow - Domes of light over cities. Blocks out faint objects such
as the Milky Way, Nebula and distant galaxies. Only a few bright stars
can be seen from the city.

SOME TYPES OF LAMPS:

Low Pressure Sodium (LPS) fixture produces a yellow tint.

High Pressure Sodium (HPS) fixture produces a pink tint.

Mercury Vapor fixture produces a blue/white tint.
_Incandescent light (bulbs) produces a yellow/white tint.

The first three types are a gas discharge source. The light is produced when
the electric current passes through a container of gas, causing the energized
gas to give off characteristic bands of color.

In an incandescent source a thin wire is heated to a high temperature by an
electric current. This filament begins to glow and gives off light of many colors.
A large amount of energy is given off as heat making the incandescent source
not as efficient as the discharge source.

55 watt LPS = 100 watt HPS = 175 watt Mercury Vapor = 400 watt
incandescent

For less energy a 55 watt LPS fixture can produce the same amount of lumens
(light output) as the 100 watt HPS, the 175 watt Mercury Vapor and the 400
watt incandescent.

For more information, see the IDA page "Good Lighting Fixtures and Where to
Get Them."
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LIGHT TRESPASS:

Light from an unshielded fixture that is suppose to be illuminating the ground is
also casting light upward. This is wasted light and wasted money. Some
fixtures spill light onto other properties. This can be prevented by taking care in
the placement and alignment of the light.

GLARE:

Generally speaking, if you can see a lights filament or source from a
reasonable distance then the light is not well shielded.

The glare from an unshieded fixture can compromise visibility and increases
the chance for accidents. Bright glare can also produce high contrast shadows.
These shadows actually become cooridors of darkness that can become hiding
places for potential criminals.

CLUTTER:

Excessive glare can make driving difficult and light clutter can cause
distraction. For safety reasons every effort should be made to establish quality
lighting on and near heavily traveled roads. Billboards and outdoor signs are
designed to attract our attention. Often these are lit up with bright flashing
lights. These light sources add considerably to the overall light pollution.

ENERGY WASTE:

A night time aerial view of a city reveals how much energy we waste by using
unshielded lights. Any direct light sources that can be seen from above are
contributing to a waste of energy and the precious resources that produce that
energy.

Lincoln is fortunate to have some of the lowest electrical rates in the country.
Summer rates are 6.5 cents per kilowatt-hour and winter rates are 5 cents. A

~national average is 8 cents. By reducing the-amount of upward (wasted) light

we can help to extend our overall energy pool. Since Lincoln is growing rapidly,
this makes good economic sense.

URBAN SKY GLOW:

This is the bane of astronomers world-wide. The combined output of all the
lights in a city cause the sky to be washed out. Faint deep sky objects such as
galaxies and nebula become impossible to see.

Sky glow is rapidly becoming worse. We must start now to encourage quality
lighting. Reducing the upward shining light will help eliminate these light
domes. Our children need to be able to see the stars. They are the ones with
the eager questions and imaginations that will shape our future!

SOME EASY SOLUTIONS:

1. Use the right amount of light, not overkill.
2. Shield the light so that is goes down, not up or sideways.
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3. Use light timer controls whenever possible.
4. Use LPS fixtures whenever possible because it is the most energy
efficient and because its light can be filtered out with telescope filters.
5. Avoid using round globe lights unless they are properly shielded.
8. Be aware of quality lighting. Let people know when you see some good
and attractive lighting arrangements.
7. Educate other people about the adverse effects of inappropriate lighting.
Hyde Observatory Steering Committee
Erik Hubl
Supervisor

624 South 51st
Lincoln, NE 68510
(402) 488-1698

Prairie Astronomy Club
David Knisely

P. O. Box 5585

Lincoin, NE 68505-5585

International Dark Sky Association
Dr. David L. Crawford

IDA's Executive Director

3545 N. Stewart

Tucson, AZ 85716

(602) 327-9331
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Light Pollution Abatement Site
Calgary Centre

Royal Astronomical Society of Canada

DEFINITIONS
TYPES OF LIGHT "BULBS" OR LAMPS
See also the Light and Greenhouse Gases section of this website for more detailed look at different types of lighting and their efficiencies.

Incandescent - is Thomas A. Edison's light bulb, except the carbon filament has been replaced by tungsten wire. This is your ordinary light
bulb, like the one in your refrigerator. Light is emitted by the filament when it is heated to a high temperature by electric current. About
half of the energy is used to produce infrared light, or heat, so this is not a very efficient light source. As a point source, shielding
incandescent light bulbs to prevent glare is easy, but for some reason, shielding is not often done by manufacturers.

An incandescent light bulb.

Mercury Vapour - the familiar bluish white light of these old streetlights rendered many colours a sort of unfamiliar bluish purple hue.
Because much of the light emitted is in the ultraviolet part of the spectrum, these lamps are not efficient at turning electricity into visible
light. Being a point source, it is possible to design light fixtures that prevent glare, but most of these light bulbs were used in drop-lens
semi-cutofT light fixtures (see below). It pays for itself to replace these lights with efficient High-Pressure Sodium bulbs.

Fluorescent - common in stores and many businesses where their energy efficiency makes them a better choice than incandescent. Mercury
vapour in the tubes gives off ultraviolet light, which is converted by powdered materials coating the inside of the tube into visible light
through fluorescence (hah!, and you thought they just gave these lights a weird name. It's because of the weird process that occurs in
them!). Now-a-days, manufacturers have created different coatings that fluoresce in different colours, so no longer must you suffer from
ghoulish green skin tones. Fluorescent lamps are quite efficient - most of the initial radiation is ultraviolet with a minimum of infrared
(heat) and as long as the coatings are intact, most (but not all) of the ultraviolet light is converted into visible light (another efticient
process). So-called black lights are simply fluorescent tubes without the fluorescent material - they emit straight ultraviolet.

Because fluorescent lamps are much more efficient than incandescent lamps, it is tempting to think that they can be left on all the time
without worrying about wasting electricity. This is the wrong attitude. Wasted energy is still wasted energy and the issue is that poorly
installed fluorescent lamps can create just as much glare and other visibility problems as the incandescent lamps they replace. Cutside of
commercial use, it is a very rare situation indeed that requires a light on for extended periods.
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Common fluorescent tube designs. The upper lamp is designed to directly replace incandescent bulbs, while the lower is the more familiar
straight tube design.

Halogen - relatively efficient pure white light makes it a good choice for outdoor lighting where correct colour rendition is important. As a
point source, they are easily shielded and focussed to produce a shaped beam pattern and for this reason are the prime choice for most
automobile’s headlights, replacing the older incandescent light bulbs used prior to the 1980's. They do get hot, indicating some
inefticiencies in creating visible light from electricity; in fact, there are halogen heating elements for stoves. Modern indoor halogen
“torchiere" light fixtures are required to have a metal safety grating on them because too many drapery fires were started by the hot bulbs.

An example of a halogen outdoor lamp sold as a security light.

Metal Halide - the new kid on the block. A very bright bluish white light commonly seen coming from the headlights of newer expensive
imported automobiles. Metal halide is an energy efficient point source lamp.

Low-Pressure Sodium (LPS) - a discharge lamp where the light is produced by radiation from sodium vapour at a relatively low partial
pressure. LPS is a "tube source", making it somewhat difficult, but not impossible, to shield it to prevent glare. It is monochromatic light,
roughly orange yellow in colour. Because all of the emitted energy is in the visible part of the spectrum, this is a very efficient lamp.
However, everything looks various shades of orange yellow; there is no colour rendition. Under a Low-Pressure Sodium lamp, a green car
can look the same as a blue one, or a red one.
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Low pressure sodium light fixtures at the Calgary Science Centre. Note that the tubes’ elongated shape must be accommodated.

The characteristic golden yellow colovr of low pressure sodium. This fixture is shielded to put most of the light onto the ground.

High-Pressure Sodium (HPS) - lamp where radiation is produced from sodium vapour at relatively high partial pressures. HPS is essentially
a "point source", meaning it can be shielded and focussed efficiently if the manufacturer wishes to. Not as energy-efficient as the Low-
Pressure Sodium tube, the HPS lamp's distinctive pinkish-orange colour has just enough blue tones in it to allow you to correctly guess the
colour of any car you see at night.

i NV ¥ S Y - T 2 Y L I



Light Poliution Abatement Site Page 4 of 11

High pressure sodium wall-mounted lamp. Note the colour difference between the HPS light and the background sunlight.

LIGHT FIXTURE TERMINOLOGY

Fixture - the assembly that holds the lamp in a lighting system. It includes the elements designed to give light output control, such as a
reflector {mirror) or refractor (lens), the ballast, housing, and the attachment parts.

Luminaire - a fixture with its lamp.
Light Standard - the pole to which the fixture is attached.

Cut off angle, of a luminaire - the angle, measured up from the nadir (i.e. straight down), between the vertical axis and the first line of sight
at which the bare source (the bulb or lamp) is not visible.

Full-cutoff fixture - a fixture that allows no emission above a horizontal plane through the fixture.
Sharp Cut-off - the optical design that restricts the distribution of light from the fixture. These restrictions include:

« no light is emitted above a horizontal plane passing through the bottom of the fixture
——» —lessthan-10% of the-emitted-tightshines withinH0-degrees-betow the horizomntat plane passing through the bottont of the fixture

Semi-cutoft fixture - a fixture that provides some cutoff, but less than a full-cutoff fixture. The light source in a semi cut-off luminaire can
be seen directly when viewed from the side. Most of the light is placed on the ground, but much is at such low angles that it contributes
more to glare than to visibility. Such fixtures are used to cheaply throw light a long ways from the light standard, allowing fewer light
fixtures per street. However, good engineering principles commonly indicate that additional full cut-off light fixtures should be used
instead. The overly large distance sometimes seen between semi cut-off light fixtures on Calgary streets can lead to problematic situations
when retrofitted with full cut-off fixtures when the compromises and shortcuts of the initial streetlight installation become obvious.

L i e v o
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This modern light fixture designed to resemble an old time light is a semi-cutoff light fixture.

Lens or Refractor: - controlling light output by means of refraction (lens). More common in older light fixiures, but still used in some good
modern designs.

This photograph shows the dispersion of light caused by the sets of angled ribs on both sides of this glass refractor Sfrom a semi cut-off light
[fixture.

Mirror or Reflector - controlling light output by means of reflection (mirror). More and more common in newer designs.
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Note the system of angles in the metal reflector of this shoe-box full cut-off light fixture. These separate segments of the metal mirror are
used to shape the light beam pattern.

TYPES OF STREETLIGHT FIXTURES
Luminaire - the complete lighting unit, including the lamp, the fixture, and other parts,

Post Top Fixture - any of a number of decorative lighting units where the lamp is directly on top of the vertical post that supports it.
Typically, these fixtures have a poor distribution of light beneath the lamp and create glare by shining light sideways. Common examples
of post top lights are globe, acorn-style and lantern-style fixtures.

Unusual post-top fixture where the lamp at the top of the metal post shines upward and the light is redirected to the ground by a convex
mirror held in place by the transparent box. The light distribution on the ground is low-glare, but since some light bypasses the mirror
completely, there is a strong component of uplight, and a brighter bulb than necessary must be used to maintain light levels on the ground.

Globe-Style Light Fixture - a post-top light with a "modern” rounded glass ball enclosing the lamp. Can be fitted with internal louvres or
shielded bulbs to reduce glare, but this is commonly not done, so globes are usually glary light fixtures.
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Globe-style light fixtures in Calgary. Apart from minor details, these are identical fixtures. Note that the one on the right is not only a post-
top design, there are additional lights arrayed along the side of the post.

Close-up of globe-stvle light fixture showing the small metal shields used to direct the light. In this case, the shields are installed up-side-
down, directing the light upwards. away from the street! This increases the contrast between the bright streetlight and the poorly-
illuminated street and sidewalk, creating a hazardous situation.

Acorn-Style Light Fixture - a post-top streetlight design with a decorative glass globe that resembles an acorn. These glary light fixtures

were initially used with low-output incandescent light bulbs in the first half of the 1900s, Modern examples are typically used with very
bright high-pressure sodium or halogen light bulbs and generally render much more glare than other light fixtures.
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dcorn-style light fixtures. Such lamp posts evoke simpler times with good reason; they are outdated designs ill suited to modern high output
lamps and city-dwellers’ 24-hour day.

Lantern-Style Light Fixture - a post-top streetlight or home or yard light designed to resemble an old-time kerosene lantern. Usually used in
areas to promote a historic look or charm. While attractive in the daytime, lantern-style luminaires are typically one of the worst designs for
nighttime lighting due to their glary nature. Shielded bulbs or internal louvres help immensely.

Lantern-style house light, lantern-style yard light and lantern style streetlight.

Cobrahead Light Fixture - an informal term for the curved-arm oblong-headed fixtures that are mainstay of roadway lighting in Calgary.
These are semi cut-off light fixtures in that the refractor distributes most of the light onto the ground, but a significant fraction shines
sideways (creating glare) and some shines upwards, never hitting the ground (and thereby causing sky glow).
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Cobrahead light fixture that characterises much of suburban Calgary. Note the bulbous refractor that resembles a glass salad bowl.

- Closeup of part-of cobrahead fixtmre showing the glass refractorThe 20 denores thar this Jfixture carried a 200W Tamp™ "

Shoe-Box Light Fixture - an informal term for a rectangular full-cutoft light fixture with a flat glass lens. All of these fixtures are low-glare
full cut-off designs.
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Shoe-box light fixtures are manufactured by a number of companies. All have a similar compact rectangular shape. a flat glass plate
instead of a shaped lens or refractor, and a mirror system inside to shape the beam pattern.

OTHER TYPES OF NIGHTTIME LIGHTING

Security Lighting - this is a broad term used to cover off a number of light fixture types and purposes whose overall stated goal is to
improve security and reduce crime. A number of studies now question the effectiveness of light as an inhibitor of crime:; lighting with
nobody around to view the criminals means that the criminals don't need to remember to bring a flashlight if it is night. Studies show that
most home break-ins occur during the day - when people are away at work, Proper lighting can enhance surveillance, but it is unlikely to
scare criminals away. Much more information is available in our Light and Crime section of this website.

Task Lighting - this term has been introduced to describe certain types of indoor lighting. Adding lights with a specific job or purpose in
mind usually means that the correct light fixture is chosen. For instance, under-cabinet light in kitchens using relatively efficient halogen
spotlights or fluorescent tube fixtures means that bright, glare-free lighting is available for food preparation without resorting to overly-
bright ceiling fixtures which may just cast shadows under the cabinet overhangs anyway. A proper desk light is another instance of using
the task lighting philosophy: think of the job you want done, then find the right light fixture to do it. Outdoors, where the stakes (personal
safety, traffic safety) are higher. this type of thinking is needed too.

Wallpack - a light fixture that mounts on the wall and shines light outward and sideways. These are the most commonly used "security
light" on commercial premises. Most of these lamps produce a lot of glare because of the mistaken belief that proper outdoor lighting can
be achieved by throwing light "over there" from "over here”. Wallpacks are commonly a "band-aid" solution, when putting in a light fixture
on a pole is thought to be too expensive or too much work.
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Three wallpack light fixtures. Note how they are designed to allow light to shine outwards and sideways along the building.

Motion Sensor Lights - use an infrared detector to turns lights on. Used as part of a system to reduce the potential for crime, motion sensor
lights are used for two purposes, to draw attention to activity in a normally dark area, and to illuminate the area to allow surveillance by
potential witnesses. Motion sensor lights do not fool criminals into thinking that someone just turned on the light - criminals see these
lights in the stores, too, so they know what's going on. In better fixtures, the detector can be aimed so that only movement in the selected
area causes the lights to illuminate; this reduces false alarms. Some motion sensor lights resemble lantern fixtures. While better than regular
lantern fixtures which must remain on all the time, compared to other designs, lantern-style motion detector lights typically produce a lot of
glare unless fitted with a special light bulb that is itself shielded to reduce stray light. Look for motion sensor lights with metal shields for
the bulbs and fit them with 25 to 60 watt bulbs. Unshielded two-bulb fixtures are typically sold with 75 W or brighter flood lamps. Too
much light, like these lamps or halogen fixtures typically produce, only means that nearby unlit areas appear much darker by contrast.
Lower wattage regular light bulbs in these fixtures spray glare everywhere and are not a good solution. Unshielded two-bulb fixtures fitted
with director bulbs can put light where it is needed without creating glare. See additional discussion in Light and Crime section of this
website.

Flood Lights - light bulbs or fixtures designed to direct light evenly over a large area.

Spot Lights - light bulbs (such as director bulbs) or fixtures designed to concentrate light on a specific object. Some manufacturers produce
director bulbs with a specific beam divergence (60 degrees, for example), that allows good matching of light source to needs.

Accent Lights - decorative lights used to draw attention to particular features of objects as diverse as plants, trees, or fountains, or

“buildings. Sucly lightsmay be aimied as to accentuate”shadows on a textured wall or siiply to highlight a particular object at might. Tt 1s Key
to remember that such decorative lights can impact safety and security if they mask steps or ledges or if the light's glare means that a
neighbour or homeowner cannot see properly, reducing their ability to keep the property under surveillance for the purposes of reducing
crime.

Marker Lights - commonly used on radio transmission towers or along airport runways. Also seen at some shopping malls (Chinook Mall)
or on home driveways or sidewalks (low-voltage lighting). Lights should be low brightness and low glare. Many garden lights are too glary
to be properly used for this purpose.
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Results
Experiment # 2
Star Count
(Should be between 1500 and 2500)

Tobermory

Sample #1 10 stars

Sample # 2 26 stars

Sample #3 25 stars

Sample #4 29 stars

Sample #5 32 stars

24.4 (average) x 40 = 976 stars in the night sky.

Lion’s Head
Sample#1 14 stars
Sample #2 24 stars
Sample #3 31 stars
Sample #4 30 stars
Sample #5 28 stars
25.4 (average) x 40 = 1016 stars in the night sky.

Wiarton
Sample #1 11 stars
Sample #2 10 stars
Sample #3 22 stars
Sample #4 19 stars
Sample#5 24 stars
19.2 (average) x 40 = 768 stars in the night sky.

Owen Sound
Sample#1 11 stars
Sample #2 19 stars
Sample # 3 20 stars
Sample #4 20 stars
Sample #5 15 stars
17 (average) x 40 = 680 stars in the night sky.




*****STAR COU NT*****
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* When | counted the stars | tried to be as consistent as possible with

the location and elevation. | found the place | felt was the very light
polluted and did my count there.

Tobermory (Highway 6) - Under streetlights.

Lion’'s Head (Main Street) - Under streetlights.

Wiarton (Highway 6, Top of the Hill) - Under streetlights.
Owen Sound (Wal-Mart Parking Lot) - Under streetlights.



Town Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 | Average | Total
(Average
x 40)

Tobermory | 10 26 25 29 32 244 | 976

Lion’s 14 24 31 30 28 254 1016

Head

Wiarton 11 10 22 19 24 19.2 768

Owen 11 19 20 20 15 17 680

Sound




Results

Experiment #3

Bruce Peninsul T
‘ o i National Park
Tobermory / ,

e 0
.

¢——50 Kilometres— ) - dEee

The population of the four towns surveyed is as follows:
Tobermory - 1 000

Lion’s Head - 600

Wiarton - 2 000

Owen Sound - 22 000
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Walker's Law

| = 0.01Pd??
Where | is the increase of sky glow above the natural background
and P is the population of the city '
and d is the distance to the centre of the city in kilometers

Place Population (p) Distance from Center (d) Increase in Sky
Standard km Glow (I)
45 degrees up

Tobermory 1 000 10 km 32 %
Lion's Head 600 10 km 1.9 %
Wiarton 2 000 10 km 6.3 %

Owen Sound 22 000 10 km 69.5 %

s e el

:

i

"Eiﬁ
.

.

e ,,»:tw'%\yﬁgg

=

.

.

o
.

.

o

.

. - - e Gee o
e S ca e - o o . S
S s Lt S ¢ - R s e

-

.

-




Tobermory, Ontario

Population — 1 000
Sky glow at 10 km-3.2 %




Lion’s Head, Ontario

Population — 600
Sky glow at 10 km — 1.9 %




Wiarton, Ontario

Population — 2 000
Sky glow at 10 km - 6.3 %




Owen Sound, Ontario

Population — 22 000
Sky glow at 10 km — 69.5%
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¢« URBAN SKY GLOW

Urban sky glow is the result of stray light being scattered in the atmosphere brightening the natural sky
background level. This effect is extremely detrimental to astronomers as well as annoying to many
people in the general public. It is sometimes difficult to comprehend the effect of sky glow and the
sensitivity of astronomical instruments. Human eyes can barely discern a star of the 6th magnitude
which is about 15 million times brighter than a 24th magnitude star that astronomers observe. A candle
flame (luminous intensity of approximately one candela) observed at a distance of about one kilometer
is as bright as a 1st magnitude star and easily seen by the naked eye. This candle is about 1.5 billion
times brighter than the limits of astronomical instruments.

Street lighting has been blamed for up to 50% of the urban sky glow due to 95% of the light directed
down toward the pavement being reflected upward at reflectance rates ranging from 6% for asphalt to
25% for concrete (Ref 1). Urban sky glow has been reported to be increasing around 30% annually in
some American cities (Ref 5).

An empirical formula has been developed in California by Merle Walker known as Walker's Law (Ref.
5) which is used to estimate the sky glow at an observing site, looking at a zenith angle of 45 degrees
toward an urban source r kilometers away.

[=0.01 xPxr?3

where:

I'= the increase in sky glow level above the ambient background
P = the population of the urban center

r = distance in kilometers from the urban center

For a city with a population of 300,000 (Greater Victoria) and an observing site 25 km away (Sannich
Observatory):

I=0.01 x 300,000 x 2525 = 0.96
The increase in sky brightness, at a 45 degree angle, over the natural background is approximately 96%,
half of which may be caused by roadway lighting.

Another source of sky glow, possibly of greater consequence (although studies to date are scarce), is the
direct luminance from the luminaires above the horizontal plane. Many of the poor non-cutoff
luminaires emit up to 10% of their light above the vertical angle of 90 degrees, with up to 30% of their
light above a vertical angle of 80 degrees. Full-cutoff luminaires on the other hand emit no light above
90 degrees and considerably reduce the contribution to sky glow.

Other problems related to sky glow comes from the radiation outside the visual spectrum emitted by
roadway luminaires. The traffic engineering profession has been mostly concerned with visible light,
however astronomers observe the sky in many wavelengths. Some "full spectrum"” lights, such as
mercury vapor, emit a lot of ultraviolet radiation. High pressure sodium lights emit more of a
monochromatic light and low pressure sodium lights emit essentially only monochromatic light, which
can be easily filiered out by astronomical equipment. -



Although urban sky glow has been difficult to quantify, some jurisdictions, particularly those around
observatories such as Tucson, Arizona, have enacted ordinances requiring the use of full-cutoff
luminaires and glare shields for roadway lighting.

Some of the more minor aspects of light pollution involve confusion, clutter, energy waste, and general
annoyance.



About Ethan...

I

pho ofnp iments of Lily Shuster (aka Mom!

Ethan Meleg is a professional naturalist and photographer, specializing in birds and landscapes. His
dramatic images convey the awe-inspiring beauty and diversity of the natural world.

Ethan grew up near world-famous birding location Point Pelee National Park - the place that inspired
his passion for nature. He's been leading bird and nature tours for over a decade and is a member
of the champion Kowa 'Canadian’ Birding Team. In addition, Ethan is primary author of 'A Guide to
Exploring Pelee Island Wildlife'.

Ethan is a self-taught photographer. His photos have been published all over the world in books,
calendars, brochures, magazines and corporate ads. Credits include: Ranger Rick books, Forbes
Magazine, Canadian Geographic, Wyman Calendars, Birder's World, Birding, Birdwatch, Wildbird,
Living Bird Quarterly, Birder's Journal, National Wildlife, Nature Canada, ON Nature, Canoe &
Kayak and many more. At only 31 years of age, Ethan is already established as one of Canada's
leading nature photographers.

Ethan lives by the shore of Georgian Bay, in the spectacular rugged setting of Ontario's Bruce
Peninsula. His great passion in life is exploring the natural world with his camera, whether on distant
travels or in his own backyard.
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Tobermory
Currently 5 Day Forecast from ¥l Environment Canada
Observed at: Cyprus Lake Monday night Tuesday Wednesday
18 Apl'l' 2005 10:00 PM EDT LOW 7 oC ngh 23 °C H'gh 14 oC
Temperature |8 °C ST Low 9 °C
Humidity 91 % i
Dewpoint 7°C
Windp SSE 9 Cloudy Sunny with : Showers
km/h periods cloudy
periods
Yesterday Thursday Friday
Max Temp. [19.6 °C . High ¢ °C 4  Hght1°C
Min Temp. 0.7 °C \”’”ﬂ -, Low-1°C . 7 Lowo0°C
Precip Total 0.0 mm B b
. A mix of . A mix of
Regional Noromals sun and sun and
Max Temp. |12 °C cloud cloud
Min Temp. |1°C
Record Values These icons are a summary. See complete text below
Today
Sunrise 6:35
Sunset 20:17
Moonrise 15:13
Moonset — [4:54 Text Forecast from ¥l Environment Canada

Tobermory: Issued 3.30 PM EDT Monday 18 April 2005

Tonight A few clouds. Fog patches overnight. Low 7.

Tuesday Sunny with cloudy periods. Wind becoming southwest 30
km/h gusting to 50 in the afternoon. High 23. UV index 6 or
high.

Wednesday Showers. Low 9. High 14.

Thursday A mix of sun and cloud. Low minus 1. High plus 9.

Friday A mix of sun and cloud. Low zero. High 11.
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Not reported

** Breaks in the graphs denote periods for which no observations are reported.
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Wiarton
Currently 5 Day Forecast from Il Environment Canada
Observed at: Wiarton Airport Monday night Tuesday Wednesday
18 Aprll 2005 10:00 PM EDT LOW 7 oC - ngh 23 oC ngh 14 oC
- - o # Low 9 °C
) rtrg s i o
Cloudy Sunny with Showers
Mainly Clear periods oy
periods
Temperature |8 °C Thursday Friday
?;ZZUJS/ 101.8 ~ Higho°c ~ High11°C
Y |kPal L Low-1°C 7, Lowo°C
Visibility 24 km T e
Humidity 73 % A mix of A mix of
Dewpoint |5 °C sun and sun and
Wind ESE 8 cloud cloud
km/h
Yesterday These icons are a summary. See complete text below
Max Temp. [18.0 °C
Min Temp. |3.6 °C
Precip Total {0.0 mm
Regional Normals
Max%-emp. 13 °C Text Forecast from I¥l Environment Canada
Min Temp. 1°C Wiarton: Issued 3.30 PM EDT Monday 18 April 2005
Record Values Tonight A few clouds. Fog patches overnight. Low 7.
“ Tuesday Sunny with cloudy periods. Wind becoming southwest 30
Toda km/h gusting to 50 in the afternoon. High 23. UV index 6 or
y .
Sunrise __[6:34 high. B
Sunset 20:14 Wednesday Showers. Low 9. High 14.
Moonrise 1512 Thursday A mix of sun and cloud. Low minus 1. High plus 9.
Moonset 4:50 Friday A mix of sun and cloud. Low zero. High 11.
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Past 24 Hour Trends Graph
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** Breaks in the graphs denote periods for which no observations are reported.
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Owen Sound

Currently 5 Day Forecast from I¥l Environment Canada
Observed at: Wiarton Airport Monday night Tuesday Wednesday
18 April 2005 10:00 PM EDT Low 7 °C High 23 °C High 14 °C
G Low 9 °C
) . i v
T Cloudy Sunny with Showers
. eriods cloud
Mainly Clear P periodys
Temperature |8 °C Thursday Friday
Pressure/ 101.8 High 9 °C High 11 °C
Tendency kPal ’ SR i Low -1 °C - g 5 Low 0 °C
Visibility 24 km R .
Humidif‘.y 79 % A mix of A mix of
Dgwpomt 5°C sun and sun and
Wind ESE 8 cloud cloud
km/h
Yesterday These icons are a summary. See complete text below

Max Temp. |18.0 °C
Min Temp. 3.6 °C

Precip Total [0.0 mm

Regional Normals
Max Temp. {12°C
Min Temp. 1°C

Text Forecast from I+l Environment Canada
Owen Sound: Issued 3.30 PM EDT Monday 18 April 2005

Record Values Tonight A few clouds. Fog patches overnight. Low 7.
T Tuesday Sunny with cloudy periods. Wind becoming southwest 30
Today km/h gusting to 50 in the afternoon. High 23. UV index 6 or
Sunrise  16:33 S— _high.
Sunset 20:13 Wednesday Showers. Low 9. High 14.
Moonrise 1511 Thursday A mix of sun and cloud. Low minus 1. High plus 9.
Moonset 4:49 Friday A mix of sun and cloud. Low zero. High 11.
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danshel

From: quetican [quetican@amtelecom.net]
Sent:  Wednesday, April 27, 2005 10:06 PM
To: danshel

Subject: Re: Thanks and another question

Hi Shelby,

You are right about the meaning of zenith .. it is simply the point directly above an observer's
head ! ...and a zenith angle of 45 degrees is a line of 45 degrees measured from the zenith along a line of
sight toward the town or city whose light pollution you are measuring.
Keep up the good work. In little more than two weeks you will be headed to Vancouver ... you will have
aball !
Doug Cunningham

[P ———

From: "danshel" <danshel@amtelecom.net>
To: "'quetican™ <quetican@amtelecom.net>
Subject: Thanks and another question

Date: Tue, Apr 26, 2005, 11:32 PM

Hello Mr. Cunningham,

Thanks so much for your help with the sky glow. It really helped. | have another question.
Tonight at the Science Fair meeting, Mr. Lacey (one of the organizers) said | need to really
understand what zenith means. | have been online searching and what | see is Zenith is the point
straight up from the observer head. Walkers Law said a zenith angle of 45 degrees. Does this

mean not straight up but sort of half way down towards the horizon? Thank you for everything.

Shelby

5/14/2005
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Feature Story
by April
Cunningham

The Dark Skies
of the Bruce Peninsula

Click on the pictures below for
a larger image

The Quetican Observatory,
privately owned by Doug

Cunningham

Doug Cunningham

o experience the rugged and tranquil beauty on the Bruce Penins
through the daytime is one thing, but when the night falls, astronon
and star gazers alike look up to the heavens and see the Peninsul;
‘dark skies' emerge.

With a much smaller population than many other Great Lake regiol
there are fewer lights to contribute to the growing problem of light
pollution, and when the clouds are few, the Bruce Peninsula provic
some of the best star-gazing in Southern Ontario.

Guy Nason, president of the Toronto branch of the Royall
Astronomical Society, knows of the Bruce Peninsula's clear skies.
"Several years ago, a friend of mine had a cottage at Red Bay whit
we used for astronomical observing," he says. "Sky conditions ther
were very good."

He pointed out that if someone is far enough from Owen Sound to
avoid its light pollution, the skies above the Bruce Peninsula would
the best for stargazing in the entire Great Lakes Region.

Because of the ‘lake effect' from the surrounding Georgian Bay an
Lake Huron, the Bruce Peninsula's skies may be dark, but thick cic
prevents Peninsula astronomers from observing some evenings frc
late November until early in February

"'l would say that within a 100 kilometre radius of Wiarton, we have

- lhighest concentration of amateur observatories inCanada," says

Doug Cunningham, a retired science teacher from Bruce Peninsul:
District School. The area seems to attract many professional and
amateur astronomers like himself.

At his home on the cliffs of Lion's Head he has a private, four-year-
‘Quetican Observatory' where he enjoys the dark skies of the Bruc
Peninsula.

Cunningham believes that astronomy is indeed a science, but it's =
in a sense, an art. "An amateur astronomer sees with his eye, but |
also sees with his mind. When they're seeing with their eyes their
minds are engaged and they want to know more about the stars
they're observing," he says.

And then the ‘addiction’ begins.

Cunningham's love for astronomy began when he was 22. He and



Doug Cunningham looking into the
telescope

Doug Cunningham looking into the
telescope

wife Paula were motorbiking to their cottage at West Cove one nig|
when it struck him. "l was quite amazed by the Milky Way and |
wanted to learn more about the star clouds | saw," he said. Later tt
weekend he picked up a book in a variety store, "The New Handbc
of the Heavens", that explained a lot of the aspects of space he we
curious about. But the extent of what there is to know is endless ar
he was tempted to learn more. "From then on, | was hooked. | bou
my first telescope that fall."

The distinctive rings and cosmic beauty of Saturn, Cunningham's fi
breathtaking observation, helped him decide what to name his
observatory. "Quetican’, translated from Ojibway means ‘spirit of
beautiful places," he says.

So now, several years later, Cunningham is enjoying his first year |
retirement, mainly focused on this hobby of astronomy at what bett
place but the Bruce Peninsula. This summer he and his wife Paula
made a trip to Zambia, Africa to witness a total solar eclipse that he
said was nothing short of astounding. He has also been to Mexico
see an eclipse and even took two of his eager students along with
him.

He has developed a fondness for our area over the years. "What
makes this place so special is its natural history, the Niagara
Escarpment, the fact that we have the best sea kayaking south of
Lake Superior and we have the darkest skies in Ontario," says
Cunningham. "The skies in Cypress Lake at Bruce Peninsula Natic
Park are 50 times darker than the skies in Hamilton."

He also feels a particular responsibility, as an amateur astronomer
the Bruce, to do his part to keep the skies here unpoliuted by light.

This past April, Cunningham presented some ideas to the municip:

of Northern Bruce Peninsula. "Even though we live in an area whe
there's very little light pollution," he says, "the lighting practices we
employ are the same practices that have caused the light pollution
the south. There's so few of us up here, it's not a problem yet."

He recommended that when people are lighting their properties, th
keep the light only on their property. When the municipality is insta
new lights, he advised them to use full cut-off lighting that stops the
light from going places not intended to be lit. These lights should u
high pressure or low pressure sodium and not the traditional merct

"We can do this intelligently, more efficiently with less expense anc
still preserve the night sky,” Cunningham says.

Cunningham is not the only person concerned with maintaining the
dark skies. The International Dark Skies Association has centres ir




countries and has over 10,000 members world-wide. Their mission
to spread the word about the Dark Skies Concept and gradually m:
more skies free of light pollution.

Back to Feature Stories
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Experiment # 4

Comparison of three streetlights

Py

W

&
~#-200 DL

150 FL

ODL - old drop lens (250 Watt) streetlight
DL — drop lens (200 Watt) streetlight
FL — new retrofit flat lens (150 Watt)

These results indicate that the new retrofit streetlight does a

much better job of lighting a designated area. The light under and
around the retrofit light, measures lower on the light intensity meter.

Comparison of three streetlights

250 ODL
m200 DL
0150 FL

Lamp Lamp Lamp




150 Watt new retro flat lens.

200 Watt drop lens.



250 Watt old drop lens.



The lux is used to measure how brightly lit an area is, that is how much
light it receives. One lux means that the area of one square meter
receives the luminous flux of one lumen. One lux is therefore defined
as one lumen per square meter (11x = 11m / m2).

The lumen takes the sensitivity of the human eye into account, lux and
lumen are therefore a true measure of how much light a human sees.

Lux does not measure how bright a surface or an object appears — it
just measures how much light is received by the surface or the object.
If a white sheet of paper and a black sheet of paper receive the same
amount of light, the white sheet will appear brighter, because it reflects
more light. The measure for brightness, which takes this property of
objects to reflect or to absorb light into account, is candela per square
meter (cd / m2).

Lux is frequently used in laws and standards that define the minimum
brightness for certain places like offices, schools, etc. Factors like the
ability to see (naturally, humans cannot see in the dark), the ability to
see colours, and even concentration depends on the illuminance or
brightness of a room or workspace.

Studies have shown that by increasing the illuminance from 9o to 500
lux, the memory of humans improves by 16 %, logical thinking by 9 %
and the speed and accuracy of manual calculations by 5 %.

Reference points for lux (most commonly used as lux)

Moon light on a clear night outside 0.1 Ix
Dimly lit hallway | 20 Ix
Room, no reading required 300 Ix
Hluminance required in an office 500 Ix
Well lit workspace 1 000 Ix
Illuminance required in a clockmaker’s workshop 1 500 Ix
Cloudy day outside . 10 000 Ix
Sunny day outside 100 000 Ix

Back to top of document. — Back to tables of metric units. — Back to
metre.info homepage.




Results

Experiment #5

Light Shield constructed of flashing and hose clamps. Total cost of
this shield is less than $10.00.




”

__ oG eSSl repork

Home Lighting for
Amateur Astronomers
You aonv’t_ have to search to the ends of - ) -

the Earth to find exterior residential -

lighting that’s dark-sky
friendly. | By Dennis
di Cicco and J. Kelly Beatty

HE LATE SPEAKER OF THE
United States House of Rep-
résentatives Thomas P. “Tip”
O’Neill provided a memorable
entry for the lexicon of modern phrases
when he ‘opined, “All politics is local”
The legendary Massachusetts .politician
was reflecting on the tendency of lawmak-
ers to be most influenced by their local
constituency even when voting on mat-
ters of national or global importance.
With a bit of paraphrasing, his state-
ment applies equally well to light pollu-
tion. As amateur astronomers we are con-
cerned with the “big picture” issues of

light pollution and how they affect the -
- public’s- awarenessand. appreciation .of
the night sky. But when it comes to back-

yard observing, our concerns lie much
closer to home. All annoying light poliu-
tion is local. '
Here’s a case in point. We both live on
the. outskirts of metropolitan Boston.
While the city’s rampant light pollution
affects our entire sky, for me (di Cicco) it
is worse toward the east in the direction

" of the city. But my sky is almost as bright

to the south because of a cluster of back-
to-back shopping centers straddling a
mile or so of roadway only a fifth as far
away as downtown Boston. When I'm at
the eyepiece of a telescope, however, the
lights that really annoy me are those illu-
minating porches and yards of nearby
houses. Indeed, I occasionally suspend
my observing when any of these with a
direct line of sight are turned on as

50  April 2002 | Sky & Telescope ;

neighborhood dogs go out to answer na-

" ture’s final call of the night.

As explained in the article beginnihg
on page 40, there are many approaches
that today’s_homeowners can take to

providing safe and effective residential

lighting. We "tested some of the most
commonly chosen options as well as a

few that seem particularly “astronomy

friendly” Some of the things we discov-
ered surprised us.

All Lights Are Not Created Equal

When it comes to lighting yards and

driveways, it’s probably a safe bet that the
outdoor floodlight fixture is king. These

typically hold one or two unshielded

bulbs in sockets that-can be swiveled to
adjust the aim of the lights. Considering
their popularity, it's not surprising that
store shelves are stocked with bulbs for
these fixtures from a variety of manufac-
turers. :

Apart from the cbvious differences in
wattage and brightness output, some of

Today’s homeowners have many op-
tions for outdoor light fixtures. In our
search for ones that are friendly to back-
yard observers we found that, when it comes
to those fitted with floodlights similiar to the
two shown here, there is little difference apart
from the greater light output of higher-
wattage lights. Sky & Telescope photographs
by Craig Michael Utter and Dennis di Cicco.




Philips 90-watt floodlight

Philips 90-watt spotlight

While the illumination pattern falling on the ground appears different {and that really is
the spotlight on the right!), the 90-watt flood- and spotlights manufactured by Philips have a
similar brightness level at the outer edge of their respective light cones. Neither one offers a
significant advantage over the other for controlling light spiil away from the beam’s centerline,

\

these bulbs are called ‘ﬂoodlights, while

others are listed as spotlights. Any thoughts
we had that the two térms were simply
used interchangeably were dismissed when.
. we found a pair of 90-watt halogen bulbs
manufactured by Philips, one labeled
“spot,” the other “flood.” Outwardly the
only difference between them is the tex-
tured surface on the inside of the bulb’s

face. We assumed that the spotlight
would have a tighter beamn and thus be
of interest to people trying to control the
outward spill from these lights.

While our tests did reveal that the
spotlight has a slightly more concentrat-
ed overall illumination pattern, the cone
of light emerging from the bulb, meds-
ured at diameters of equal brightness, is
only 12 percent smaller than that of the
floodlight. More surprising is that at the
center of the beam, the spotlight is actu-
ally 40 percent dimmer. Unless these
bulbs are mounted side by side, however,
it’s unlikely that a homeowner will visu-
ally note much difference between them,
especially when it comes to preventing
light spill at large radii from the center of
~ the beam.” »
~ Although some of the bulbs we tested

projected interesting rings and spikes of
light on the ground, the most noteworthy
trend involved the level of illumination at
. increasing distances from the center of the
beam. As common sense suggests, the
greater an incandescent bulb’s wattage,
the greater its light output, and the broad-

er its cone of illumination at a given level
of brightness. In our test setup we meas-
ured the diameter of each bulb’s cone of
light at a fixed progression of intensities
out to a minimum of 0.5 foot-candle. At
this level of brightness, which is sufficient
to illuminate a yard area adequately in

most situations, a 50-watt Sylvania halo- -

gen floodlight 7 feet (2.1 meters) above

the ground produced a cone of light sub-

tending a 104° angle; a 100-watt General
Electric floodlight, 116°% and a 150-watt
Westinghouse floodlight, 126°.

Shields

‘As mentioned above, while the illumin,.

tion coming from a nearby light fixture

" is of concern to backyard observers, a di-

rect line of sight to the face of an offend-
ing bulb can be far more annoying, In

‘such cases a simple shield can dramati- -

cally improve the situation for the ob-

server without significantly affecting the

performance of a floodlight for the
homeowner. We tried the two shields
shown below.

When correctly oriented, both are very
effective at restricting -a ‘direct line of
sight to a floodlight’s front surface, espe-
cially when the observer is at a large
angle to the beam’s centerline. This is
often the case for lights'in neighboring
yards, Cliff Haas’s simple sheet-metal

shield provided a substantial reduction

in the light spreading outward from one
side of a floodlight, and this asymmetric
pattern gives some control to the home-
owner illuminating an area close to the
fixture. The clip-on shield créated by
Susan Harder offered a more uniform re-
duction of the floodlight’s angular cover-
age. At the 0.5-foot-candle level, it re-
duced the light cone from the General
Electric 100-watt halogen floodlight
from 116° to roughly 70°. .

It’s not unusual to find porches, espe-
cially on older homes, illuminated by

.conventional incandescent bulbs fitted to

simple, nonrecessed ceiling sockets, Un-
like floodlights, the illumination from
these bulbs is not aimed in a particular
direction, and as such, any direct line of

The best way we found to control light sbill from floodlights is with a shield such as the ones seen
here by Cliff Haas (left) and Susan Harder (right). More information about shields, as well as contact
information for Haas and Hardet, is available at http://members.aol.com/ctstarwchr/shielding.htm.
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Results

Experiment #6

Below is an example of proper outdoor light placement;

Example of useful light and light pollution from a typical pole-mounted
outdoor light fixture.

JUpward reflactad light
K [ luseful light

f.-' Area to be lit

Light poliution is often caused by the way light is emitted fram lighting equipment. Choosing proper
equipmant and carefully mounting and aiming it can make a significant differanca.

Using the formula, H=".91m + D/3, we can determine the proper
placement for an outdoor lighting fixture, that can stop light from
being directed where it is not wanted or needed.



Below is an example of proper outdoor light placement:

Example of useful light and light pollution from a typical pole-mounted
outdoor light fixture.
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Using the formula, H= .91m + D/3, we can determine the proper
placement for an outdoor lighting fixture, that can stop light from
“being directed where it is not wanted or needed.

MOUNTING HEIGHT/LAMP OUTPUT RECOMMENDATIONS

MOUNTING HEIGHT (FEET) | MAX LUMENS
6 1,000

8 600 to 1,600

10 1,000 to 2,000
12 1,600 to 2,400
16 2,400 to 6,000
20 4,000 to 8,000
24 6,000 to 9,000
28 8,000 to 12,000
32 9,000 to 24,000
36 12,000 to 28,000
40 16,000 to 32,000
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~allows you to-see more of “everything —

Shielded
floodfight

Neighbor's |
property

A ppbﬂy directed, overly bright light (left) can spill light far from its intended targef - ohto your neighbor’s house or up into the sky. Shielded

lights (right), especially those with “full-cutoff” designs, minimize glare and make your neighborhood safer and easier on the eyes at night.

electricity, costing you $82 (at $0.10 per kilowatt-hour) in the
process. However, the same light, activated by a motion sensor
a few times each night, will shine for no more than about a half
hour during darkness and use less than $4 in electricity annu-
ally. These remarkable savings recover the $20 cost of a stan-
dard motion sensor in the first three months.

Beyond this needless expense, however, poor hghtmg may ac-
tually increase the chance of crime against your home and fami-
ly. In its Recommended Practice Guideline 33 (issued in 1999), the
Illuminating Engineering Society of North America states: “Too
often people associate more light or brighter light with safer sur-
rounds. It can be easily dermonstrated that too much light, or
poorly directed light, causes a loss of visibility” When you look
toward a glaring, poorly shielded fixture, the pupils of your eyes
constrict in response to the bright light — despite being in oth-
erwise dark surroundings. As even novice skywatchers know,
your eyes then require several minutes to readapt before they can
again see properly in the dark. Such glare can temporarily inca-
pacitate your vision, making it uncomfortable (if not impossi-
ble) to view anything near its bright source. Worse, overly bright
lights cast harsh shadows in which intruders can hide from view.

A shielded fixture with a lower- :
wattage bulb, on the other hand, dis-
rupts your dark adaptation less and

around you. Arranging your home’s
lights for evenly distributed illumina-
tion will minimize harsh shadows.
And, of course, your eyes will adapt to
the dark faster as you leave the prox-
imity of your house.

Let’s face it: for most homeowners,
an ‘outdoor-lighting “makeover” is
long overdue. With this in mind, we
researched more than 20 manufactur-
ers of residential lighting, tatked to
lighting contractors, and visited ma- .
jor U.S. retailers to create a consumer
guide to purchasing dark-sky-friendly
light fixtures.

Preliminary Considerations
Before heading to the hardware store,
consider what you are trying to illu-
minate and why. Is your lighting for
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security, increased visibility, or aesthetics? Do you really need
to cover your entire yard, or just specific areas next to yoiir
house? The intended usé of the light affects how bright it needs
to be. Usually low-wattage fixtures suffice for an entryway or
for decorative illumination, while something stronger might be
warranted to light up a patio or parking area. As explained in
“Bulb Basics” on the facing page, some sources creaté light

“more efficiently — or have longer lifetimes — than others.

The intended purpose also determines how long a fixture
should remain on each night. For example, you may have deco-
rative lighting to accent your home’s exterior or landscaping. If
so, consider installing a timer so it operates only. whlle mem-
bers of your household are awake.

With few exceptions, no security light needs to be on from
dusk to dawn. Unless you're in the habit of looking. out your
bedroom window all night long, such continuous operation
merely -provides the means for a criminal to survey. your
home’s exterior from afar or, worse, to show where to break in.
If you're concerned about safety, choose a motion-sensing fix-
ture, because by turning on it alerts you and your neighbors
that someone (or something) is moving around outside. Most

A classic case of light trespass. Strong, harsh light from poorly designed fixtures is streaming onto

three neighboring buildings.

SOURCE: INTERNATIONAL DARK:SKY

J. KELLY BEATTY
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Some Ilght bulbs are moré efficient than others, and each renders color slightly dlfferently For example, compact-fluorescent bylbg

emit near-white light, have long hfetlmes, and are very energy efficient, whereas everyday incandescent (tungsten-filament) bulbs

create a warm cast, burn out.much more frequently, and use lots of electricity for the amount of light they produce. When choosing a

bulb, first determine how much light you need for your application, then find the most appropriate bulb for that need. Look for the

lumen rating — not just the wattage — on the packaging. Bear in mind that some types, like incandescent and mercury-vapor bulbs,

may have low initial cosf but use a great deal of electricity. In fact, as the table below shows, in dusk-to-dawn appllcatlons a two-bulb

outdoor nghtmg fixture can cost more than $100 per year to operate!

models have manual override switches to keep them turned on
" (or off) continuously. '

Ideally, everyone would choose to install full-cutoff fixtures,
which emit no light above horizontal. Let’s be realistic, however.
Most homeowners are unlikely to put up poles in the middle of
their yards just so they can illuminate the surrounding areas
with full-cutoff lighting. Instead, you're going to attach a fixture
to the side of your house, then point it to shine the light out-
ward. So if illuminating your entire yard is important, at least try
to minimize the damage: aim the fixture and use glare shields
to fine-tune exactly where the light shines, and place it high on
your house so that it can be aimed down as much as possible
‘and still illuminate the yard. Attach the light to a motion sen-
sor, and always use the lowest light output that you need.

among the “lesser of evils” that you find at local retailers, here
are some basic guidelines: '

¢ Ask for “glare-free” or “neighbor-friendly” lights — many
retailers and manufacturers were confused when we men-
tioned “dark-sky-friendly” or “full-cutoff” fixtures.

o Look for fixtures that direct the light where you want it —
down, toward the ground. These will have an opaque cover
that hides the bulb itself from view to the side, or they may
have glare shields.

* Buy lights with motion sensors, if possible, or buy one that
allows. you to attach a motion sensor yourself. '

& Be wary of a fixture that merely claimsbto be dark-sky friend-

Sometimes the offending light isn’t yours but a neighbor’s. ”

Obviously, such situations need to be approached diplomatical-
ly. Offering a little guided tour of the night sky through your
telescope can be used to bring up the subject, or you can always
take a more direct — but friendly — approach. (Don’t forget
to emphasize the possible cost savings.) If your neighbor agrees
that some modification is in order, you could try to shield the
existing light. Unfortunately, shields are almost never available
for residential outdoor lighting — you will probably need to
fashion one yourself (see page 47). If it’s worth it to you to
have glare-free nights, just consider buying your neighbor a
new fixture!

Roaming the Aisles

Three categories of exterior lighting await you at your neigh-
borhood home-improvement store: “security,” decorative, and
path. Unfortunately, many outdoor-lighting offerings control
their output poorly and waste energy needlessly, so learn to
discern the good from the bad by asking questions and exam-
ining various fixtures carefully. But if you must choose from

Y

ly. Determine for yourself whether it will create glare, or is
simply too bright for your intended purpose. (Note that “En-
ergy Star” fixtures contain energy-efficient bulbs, but they
still may shine much of their light toward the sky.)

¢ Remember that fixtures are frequently marked with the highest-
wattage bulb that they accept — but choose instead the low-
est wattage that you need.

You may have some luck finding a dark-sky-friendly security
or area light, as a few good ones have been introduced recently.
In any case, look for the lowest-wattage floodlights possible (as

"‘mentioned earlier, an excessively strong source can do more

harm than good), and if you have to angle the floodlight slight-
ly upward, attach a shield so that the light goes only where
needed.

If youre determined to have a light stay on all night, consider
dual-brightness fixtures with motion sensors; these shine at partial
brightness until activated by someone walking by, at which point
they temporarily switch to full intensity. Expect to spend $35 to
$50 for a good area light and $10 to $90 for a motion sensor with

Sky & Telescope | April 2002
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floodlights attached. You can also buy motion sensors alone ($10
to $60) that can be screwed or wired into your existing fixtures.

Good decorative fixtures are much harder to come by. De-
signed to look nice in daylight, almost all have glass sides that
expose the glaring bulb to direct view and spill light in all di-
rections at night. So if you must have these outside your
home, base your purchase on performance, rather than good
looks alone, and use Tow-output bulbs. Hampton Bay (Heath
Zenith), Regent, and Surveillance brands all offer $30-to-$50
decorative fixtures equipped with motion sensors, or you can
attach a sensor to your existing light.

Path lighting is 1east problematic from the dark-sky standpomt
Closely spaced and low to the ground, these lights use low-output
bulbs and tend to be well shielded. Individual fixtures run
from $6 to $70, and many are solar powered. But displayed
along with these you'll often find landscape lighting, which is
used to illuminate trees and buildings from the ground up.
They send most of their light skyward — hardly dark-sky
friendly — though many models use low-wattage :
bulbs. If you use landscaping lighting, whenev-
er possible place the fixtures well above
ground level (look for tree mounts) so that
the light shines down, and place the lights on
a timer so that they are on only when people
are around to admire them.

You may not find a specific fixture on the
store’s shelves. However, both Lowe’s and
Home Depot allow you to special order

44 April 2002 | Sky & Telescope

any product that their manufacturers offer; Lowe’s even has
catalogs in the aisle for your perusal. Sears Hardware maintains
a “buy list” from which you can order. You can also head online
to search for fixtures that are truly dark-sky friendly.

Recommended letures

As you might expect, visits to retail stores across the U.s.
turned up a wide variety of outdoor- -lighting offerings. The
largest retail chains — Home Depot, Lowe’s, Wal-Mart, and
Sears Hardware (Orchard Supply Hardware in California) —
tend to carry well-established product lines, though the items in

stock vary from region to region. In most cases the ones de-
scribed below are only examples; there exist many acceptable
variations on these themes. (Beginning on page 50,
" this issue’s -S&T Test Report explores a few of the
best ones in more detail.) - .

Floodlights and area lights. The Heath Zenith
Decorative Halogen Motion Sensing Security
Light (SL-5597; $40 at Home Depot) is one of
the few shielded motion-sensor lights we found.
It has a 240° detection zone, adjustable 15- to
100-foot range, manual override, and 10-year
warranty. Thanks to its innovative “Dual Brite”

if you want to keep your existing fixture, consid-
er wiring it fo a motion sensor or timer, These
inexpénsive accessories can save you hundreds
of dollars in electricity costs.




feature, you-can choose to have the light turn on at dusk at a
low level. It will momentarily brighten whenever someone
walks by, triggered by a motion sensor. Then, three or six hours
later (once everyone is in bed), its mouon -sensing electronics
revert to all-or-nothing operation.

Online option: RAB sells the Stealth Sensor with two floods
for $90 on enghts.com. Shields cost $8 each. _ _

Many motion sensors can be purchased separately to install
with an existing fixture. One example is the Regent 180° Mo-
tion Sensor (MS180; $20 at Lowe’s). It has a broad detection
zone, a range of up to 70 feet, manual override, and S¥year

warranty. Regent also makes a 240°, 10-year-warranty version
for $25;. RAB sells sensors with a few more features on
eLights.com for $39 to $60; Heath Zenith makes a line of motion-
sensing adapters for both flood and decorative fixtures.

1If motion-sensor lighting won’t work in your situation, try

© using a timer, Unfortunately, there are few outdoor timers from
which to choose. (In fact, some models we saw had been on the
shelf so long, their batteries had corroded.) The Intermatic
Heavy-Duty 24-Hour Outdoor Timer (HB31R; $18 at Home
Depot) permits two on-off cycles per day and comes with an
override switch.

Other options: Outdoor Lighting Associates sells DPN Photo-

control for $50. This. creative alternative to dusk-to-dawn light-

ing will keep your lights turned on for exactly half the night.

A recent entry in the home-lighting market is the Glare-
Buster (GB-1000, about $60), manufactured by Lighting by
Branford. Light-pollution activist Bob Crelin teamed with his

longtime friend, lighting engineer Perry Maresca, and Peter
D’Engenis to create a true full-cutoff fixture that homeowners
can easily install themselves. The GlareBuster accepts various
standard bulbs, comes with an adapter for mounting on siding
(eave mount available), and can be outfitted with a motion
sensor. Unfortunately, the GlareBuster is not yet available in
any retail chain, though it is available through a growing num-
ber of independent dealers,

‘Other options: Regent makes two area lights with full- cutoff
designs. The sleek RSM100 ($35 at Lowe’s) comes with a 100-
watt mercury-vapor bulb, while the dome-shaped LP175 ($49

at some Lowe’s stores) has a 175-watt rnercury~vapor bulb.
However, these high-output bulbs will be too strong for many
homeowner applications.

Shields. If replacing your existing fixture (or your neighbor’s)
is not an option, it may be possible to buy or make a shield for
it. One common light, sold by many retailers, is a dusk-to-dawn
fixture in a quasi-cylindrical enclosure with a mercury-vapor
bulb of 100 to 175 watts. These are legendary for the amount of
glare and waste they produce — one manufacturer even calls its
model the “Yard Blaster” If you have one of these, or must en-
dure one installed by your neighbor, help is now available.

Since 1994 Hubbell Lighting has produced a hemispherical
shield known as the SkyCap (NPU-BI). This all-metal attach-
ment turns this style of security light into a full-cutoff fixture.
Unfortunately, Hubbell sells its products almost exclusively
through commercial distributors. But a version of the SkyCap
is available (NH1204; $35 plus $10 shipping) from Outdoor
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The addmon of a Hubbell SkyCap to an existing mercury—vapor fixture can dramatncally reduce the amount of glare and hght trespass.

L1ght1ng Associates.” David Oesper, OLA’s owner, has added a
centering ring to ease installation, provide proper alignment,
and make it more durable in adverse weather. Hubbell also in-
corporates the SkyCap in its series of complete Nite-to-Lite fix-
tures (NPU; $120 from Outdoor Lighting Associates).
Decorative exterior lighting. After despairing that no decora-
tive full-cutoff lights were available in major retail stores, we
found one that comes close. The Heath Zenith Security Wall
Light (SL-5630; $50 at Home Depot) uses a combination of
shielding, internal reflectors, and Fresnel lensing to control the

output from its 100-watt halogen bulb. A few other good fix-
tures were found through online searches. Plow & Hearth of-
fers the Old Brooke Light ($30 to $100) in three sizes, which al-
lows for placement from next to your front door to above the
garage. The same company also sells a full-cutoff Country
Lamp ($125 to $200). Restoration Hardware sells the full-cutoff
Galvanized Barn Light ($75).

Path and landscape lighting. One commonly available offer-
ing is the Malibu Solar-Powered Accent Light (LZ1D; $10 at
Home Depot, Lowe’s, Wal-Mart, and Sears Hardware). Its energy-
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efficient LED emits only a few lumens, throwing a soft glow
onto its 1mmechate surroundings. The installation is easy (just
plug in the batteries and stick it in the ground), though you
may have concerns about the durability of these plastic fixtures.

. Another product is the Twilight Low Voltage Tuscan Path
nght (TTG-104; $17 at Lowe’s). The Tuscan is a full-cutoff,
low-voltage fixture that connects to your house for electricity
(as do ‘most path-lighting systems). Such low-voltage applica-
tions are safer than household current; also, they are not regu-
lated by local building codes and do not require a spec1a1 un-

" derground conduit. But you do have to purchase a transformer
($33 and up) separately.

Nightscaping sells and installs products through profession-
als that use minimal lighting to achieve your desired effect. We
were impressed by the Deckliter, a little unit that hides under
your eaves and illuminates a deck or patio as would the full
Moon, and the versatile Turtle, which can sit on the ground as
a path light or be a full-cutoff sconce on the side of your
house. However, these quality fixtures come at a price: basic
multiple-unit installations run from $1;500 to $5,000.




A Less-Bright Futuré? .
Residential outdoor lighting has far to go. We would all like to
see retail shelves stocked with full-cutoff, energy-efficient light-

ing fixtures. But this change must come on all fronts — from

manufacturers, retailers, and cc')n'sqm'ers alike.

Sadly, some manufacturers still have little appreciation for the -

}many benefits of dark-sky-friendly fixtutes. When contacted by

Sky & Telescope about “full-cutoff” or “glare-free” lighting, many

company representatives had no idea what we were referring to
— some even believed that we wanted their potent dusk-to-
dawn lights. Home lighting, it seems, is rarely designed to the
exacting photometric specifications ‘that are the standard for
comuiercial lighting; most residential fixtures just hold a bulb.
~ There are exceptions, of course. The Regent brand (now
owned by Cooper Lighting) now includes a few “neighbor-
friendly” and “dark-sky lighting” products. Heath Zenith was
the most helpful manufacturer in tracking down which dark-
sky options they did offer. And resourceful amateur astrono-
mers like Bob Crelin and David Oesper have come forward to
fill an obvious need. o
- The key with retailers, it seems, is to make your preferences
known. On the floor of one Home Depot store, a sales associate
noted that frequent demands for a certain product can con-
vince the regional buyer to purchase and stock the requested
items. Retailers are willing to change, and residential lighting
will improve if consumers insist on low-glare lights. Only then
will both the retailers and the manufacturers respond.
Fortunately, the consumer-lighting industry is beginning to
get the message. “We're trying to focus more atfention on dark-
sky issues,” notes Rebecca Rainer, a marketing manager at
Cooper Lighting who works on o
new-product development. (Coop-
jer’s Regent and Lumark lines are
sold extensively at major home-
improvement stores.) She says re-

Cliff Haas, a Connecticut light-pollu-

tion activist, has devised an economi-

cal way to shield standard “PAR”

floodlights. First cut a sheet of alu-
_minum flashing to the shape shown

in the template below (one square -
equals 1 inch), then attach it to the

bulb’s raised outer lip using a large

“hose clamp.

tailers are now pushing for a product line that includes full-
cutoff fixtures — especially in areas of the U.S. where light pol-
lution has become a topic of discussion and legislation. Ac-

-cording to Blake Aldridge, marketing manager® for DESA

International’s Heath Zenith products, motion-sensor fixtures
now dominate the sales of security lighting for homeowner
use. “It’s a more intelligent choice,” Aldridge says.

But reversing the tide will be a slow process. Consumers are
still drawn to the lowest cost, which all too often translates into
strong, glary lights with little or no shielding. Now that com-

pact-fluorescent bulbs are gaining widespread acceptance as an

energy-efficient alternative to incandescent sources, they are
beginning to see use in outdoor fixtures. Unfortunately, these
bulbs do not handle rough weather or cold temperatures well,
Rainer says that a new lighting product, once approved, can
take anywhere from one to two years to design, produce, and
distribute. That said, both Cooper and Heath Zenith plan to
introduce new low-glare fixtures for homes this year. Watch for
them at a store near you! @

RacueL THESSIN (fthessin@cultech.edu) never imagined she would
learn so much about the lighting industry while serving as an editorial
intern at Sky & Telescope. Davip L. CRawFORD ( crawford@darksky
:0rg), a former professional astronomer, founded the International
Dark-Sky Association in 1988.

Eurther Information
Manufacturers 4 )
Heath Zenith (www.desa.com/Heath/index.shtml)
Malibu/Intermatic (www.intermatic.com)
Nightscaping (www.nightscaping.com)
RAB (www.rabweb.com) '
Regent (www.regentlighting.com)

Retailers (asterisks denote online-only sources)
eLights* (www.elights.com)
Home Depot (www.homedepot.com)
Lighting by Branford (www.theglarebuster.com)
Louie Lighting* {www.louielighting.com) -
Lowe’s (wwi.lowes.com) 7.
~ Orchard Supply Hardware (www.osh.com)
Outdoor Lighting Associates*
(members.aol.com/outdoorltg/o!a.html)
Plow & Hearth* (www.plowhearth.com) ,
Restoration Hardware (www.restorationhardware.com)
Sears Hardware (www.sears.com)
Wal-Mart (www.walmart.com)

Online sources for lighting help

International Dark-Sky Association (www.darksky.org/ida/
fixtures/res.html), which wants details of any good lighting
fixtures or situations you encounter, ’

Light Pollution Awareness Webs_ite (members.aol.com/ctstarwchr/).
“Mr. Cutoff” Lighting Tree (www.skykeepefs.org/examtrez.htm),
which describes how to convert dusk-to-dawn fixtures.
Good-Neighbor Outdoor Lighting (SkyandTelescope.com/
resources/darksky/article_85_1.asp), a two-page guide
prepared by Sky & Telescope and the New England Light-
Pollution Advisory Group. ‘ ;

.
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Dissecting Light Pollution

By Arthur R. Upgren

everyone's view of the universe to a greater or lesser degree. In the last two generations, light pollution
has spread from a problem in cities to a major astronomical disruption almost everywhere.

But some aspects of light pollution are not widely appreciated by amateur astronomers. Knowledge is
power; here are facts that may help you avoid some of the problem and combat the rest more effectively.

upper atmosphere (a permanent, low-grade aurora), sunlight reflected off interplanetary dust (zodiacal
light), starlight scattered in the atmosphere, and background light from faint, unresolved stars and
galaxies. Airglow peaks around the maximum of the 11-year sunspot cycle; the other sources vary with
the hour of night and the seasons. But their combined average is well known.

A typical suburban sky today is about 5 t0 10 times brighter at the zenith than the natural sky. In city
centers the zenith may be 25 or 50 times brighter than the natural background. = , .

Full-cutoff shielding in light fixtures is the essential remedy for both glare and skyglow. A lamp
should send all its light more or less down where the light is intended to be used, not upward or
sideways. "Full cutoff" is usually taken to mean that no light rays from the fixture 8o above the horizon,
and that at least 9o percent of the light is blocked in the near-sideways range from 0° to 20° below the
horizontal plane.

Light that shines in this near-sideways range contributes nothing to most lighting needs. It is merely a
dazzling annoyance in the eyes of people nearby and dissipates uselessly into the distance. Light spilling
upward, of course, is wasted totally. Tremendous above-the-horizon waste is tolerated because it goes
unseen; people who install lights don't normally check them at night from high in the air! The electricity
cost of this wasted light has been put at $1 billion to $2 billion annually in the United States.

Near-horizontal light is especially destructive. A light ray aimed straight up is usually not the
worst kind. It escapes into space quickly, passing through what astronomers call one "air mass." A ray
aimed 10° above the horizon, on the other hand, passes through 5.6 times as much atmosphere -- 5.6 air
masses -- polluting all the way. A ray that skims the horizon pollutes up to 10 air masses, though not
much of the light is left by the time it goes through the last few of them.



The situation is comparable to atmospheric extinction of starlight arriving in the opposite direction.
When a light ray travels straight up through clear air from sea level, only 20 to 30 percent of it is
absorbed or scattered by the atmosphere. The rest escapes harmlessly into space. When the same ray is
aimed 5° above the horizon, about 9o percent of it is absorbed or scattered. Thus it causes three or four
times as much pollution, when all the damage is summed up over an area many miles across. (That,
anyway, is the situation in clear air. Aerosols can complicate the picture.)

suffered the worst degradation in the last 20 years. Right inside a city, rays at higher angles (and
reflected from the ground) are the primary problem.

Some skyglow is surprisingly loecal. You can often see more stars 15 miles from a big city than a
quarter mile from even one bad rural shopping center.

I've made extensive sky-brightness measurements of the zenith at two sites in Middletown, Connecticut:
at the Van Vleck Observatory on the Wesleyan University campus, and at my home two miles away in
wooded, semirural suburbia. The campus had, until recently, a night sky more than 20 times brighter
than the natural sky background. The sky over my house is only four to five times brighter than the
natural level. The change in two miles was remarkable -- from a nearly invisible Milky Way to views of
the Sagittarius and Scutum starclouds on good nights.

In 1994 the university agreed to replace most of its walkway lights within a block of the observatory with
properly shielded fixtures. The sky brightness at the zenith dropped by almost half — a dramatic
improvement of 0.6 or 0.7 magnitude.

Such observations point up the importance of dealing with local lights. You don't have to convert an
entire city to see results. Hartford, Connecticut, a metropolitan area of a million people, is only 15 miles
north of the Wesleyan campus. Its lights obtrude only marginally. Those of New York City about 90
miles southwest interfere not at all.

Another example appears on the light-pollution map of the Washington, D.C., region made bythe — - -
Northern Virginia Astronomy Chub and published in the June 1996 Sky & Telescope, page 82. The club
members found surprising holes of relatively dark sky in a region around Washington that looks solid
white in nighttime spacecraft photographs.

Watch the color of the daytime sky, especially near the horizon. The bluer the sky, the darker the
night will probably be. Whiteness in a daytime sky is due to sunlight scattered by tiny particles. They do
just as good a job of scatte ing artificial light at night. A deep blue sky in the afternoon should mean a
transparent sky after dark.

Dry air is another good sign. Even if the upper atmosphere is fairly free of haze, high humidity is liable
to bring haze (or fog) lower down. Watch for forecasts of low humidity.

Air pollution matters. The white haze in a blue sky consists of microscopic water droplets that have
condensed on tiny solid particles, primarily sulfate dust from distant factories and power plants. These
particles are the precursors of acid rain. Sulfur emissions in the United States peaked in 197¢ and have
since been reduced by about 30 percent. Whether these reductions will continue or backslide is an open
question. But the Clean Air Act of 1970 has meant darker skies in the 1990s than we otherwise would
have had.



A windy cold front sweeping through a city can clear out local pollution, leaving the night marvelously
dark. The windiest city and suburban nights are often the darkest. A passing rainstorm or blizzard can

also leave an unusually dark night in its wake.

A case based on money, energy, and good-looking surroundings will get you farther than one
based only on astronomy when appealing for light-pollution control. Light sent into the sky wastes
money. It adds to noxious power-plant emissions, dependence on foreign oil, and all the other problems
created by energy profligacy. It creates an annoying, garish nighttime environment. Those are the
points that will carry the most influence with the public and elected officials.

Full-cutoff fixtures that illuminate the ground efficiently with a smaller bulb can save electricity so fast
that the cost of retrofitting is typically recovered in three years. After that the savings are free and clear.
The city of San Diego, for example, is now saving about $3 million a year in this manner.

Full-cutoff lighting looks more pleasant. By reducing glare it improves nighttime visibility, so that
motorists, for instance, can see pedestrians and objects more clearly. Many full-cutoff fixtures are
becoming available in various styles. The best ones rely entirely on reflection above the bulb rather than
refraction by a plastic cover hanging below it. They provide not only less waste and glare but smoother,
more uniform illumination. When people see what well-designed lighting looks like at night, they want
it for their own area.

When light pollution is reduced, everybody wins. This conceptual breakthrough was what led David
Crawford of Kitt Peak National Observatory and his amateur colleague Tim Hunter to found the
International Dark Sky Association (IDA) in 1988. Kitt Peak's successful efforts against light pollution
from neighboring Tucson, Arizona, convinced Crawford and Hunter that astronomers have common
cause with everyone else. Before then, most astronomers had assumed that "good lighting” was exactly
what they didn't want, and that they faced a hopeless battle against the rest of the world.

Join the IDA. The IDA produces useful fact sheets and educational materials (including sources for
good lighting fixtures), lobbies the lighting industry, and has worked for state, local, and international
light-pollution control initiatives. As of February 2002 it was supported by 8,803 dues-paying
members, nearly five times as many as Just six years ago. "I can assure you that we in the IDA office are
--working under intense overload all the time," writes Crawford:"We get over a hundred emails a day,
most with requests for help, plus mail and phone requests and ordinary mail." Dues from members are
essential to pay for staff to handle this work and carry out the IDA's numerous programs.

Supporting the IDA financially is the most effective thing you can do to turn the light-pollution tide.
Basic membership starts at $30 a year; the address is 3225 N. First Ave., Tucson, AZ 85719, U.S.A. The
IDA maintains a Web site, which includes its fact sheets and newsletters, at www.darksky.org. Every
amateur astronomer should be eager to help.

Art Upgren is an astronomer at Wesleyan and Yale Universities and a charter member of the IDA. He
has long been active in night-sky brightness research.

Related Articles:

= Astronomers and Light Pollution
= Good Neighbor Qutdoor Lighting



1. How does light pollution affect people?

A: In three main ways:

Health & Quality of Life: Recent landmark studies by University of
Connecticut epidemiologist Dr. Richard Stevens have discovered that
bright lights at night can nearly double the risk of cancer by disrupting
the hormonal and immune systems of the body. These disruptions also
cause insomnia, depression, and other physical and mental diseases.

See:
http://abcnews.go.com/sections/living/DailyNews/darkness wnt010517.
htmi

http://www.fhcre.org/news/science/2001/10/16/graveyard cancer.html
http://www.bcaction.org/Pages/SearchablePages/2000Newsletters/New

sletterO61A.html

Safety, Security and Crime: These are the problems nighttime
outdoor lights are advertised to eliminate. Unfortunately, many lights
today like Acorn streetlights, unshielded forward-firing Floodlights, Drop-
Lens Roadlights and Dusk-to-Dawn Yardlights waste 30-60% of their
light, sending blinding glare into people's eyes and polluting the night
sky. Because this type of lighting doesn't enhance visibility, safety and
security are not increased but rather are in many cases decreased.

According to the U.S. Department of Justice Report to Congress on the
effectiveness of lighting, http:/home.att.net/~icole/crime ref guide.htm!
"We can have very little confidence that improved lighting prevents
crime, particularly since we do not know if offenders use lighting to their
advantage. In the absence of better theories about when and where
lighting can be effective, and rigorous evaluations of plausible lighting
interventions, we cannot make any scientific assertions regarding the
effectiveness of lighting. In short, the effectiveness of lighting is
unknown."

In closing, after decades of aggressive lighting programs, the results
speak for themselves! Crime rates in America are higher today than in
any previous time in recorded history. Security is diligently sought for
but never achieved. Personal safety is at an all-time low.



All this with an annual pricetag of more than $20,000,000,000
worldwide!

Uncontrolled Outdoor Lighting, like crime, never pays!

Astronomy:

Personal: This is the part of light pollution that you are probably most
familiar with. After all, a dome of skyglow over cities and the resulting
lack of stars have become far too familiar of a sight for most
Americans.

In spite of the record low prices and wide selection of powerful
Astronomical telescopes, starting at $150 from dealers like
www.telescope.com, light poliution is fast blocking our view of the night

sky and ending personal Astronomy as we know it.

We need to take action today to save the Universe! We can change the
world, one light at a time! See http://www.darksky.org/

Professional: The pace of Astronomical discoveries today is truly
remarkable, especially with space telescopes like the Hubble, Chandra,
WMAP, and Mars Rover missions!

But the workhorses of Astronomy, Ground-Based Observatories, which
direct the space telescopes towards targets of interest, are under fire
from light pollution. Although lighting regulations have been enacted to
protect several observatories, we need to guarantee that every
observatory is protected!

2. How does light pollution affect animals?

A.  Although light pollution affects all animals negatively, some
species are killed by the millions worldwide, like birds and sea turtles.



See:
http://news.nationalgeographic.com/news/2003/04/0417 030417 tvlight

pollution.html

3. How does the affect of light pollution differ in the city rather
than rural and suburban areas?

A.  Light Pollution becomes much more intense, to the point where
only the brightest stars can be seen and the night sky glows brightly.
Nearby light pollution sources can also blind the observer, resulting in a
sky that appears black but is completely devoid of stars. This
destruction of dark-adaptation can be even worse than skyglow itself.

4. In what way can light pollution be prevented?

A.  With the combination of two technologies; Smart Lighting &
Full Impact Lighting:

Full-impact Lighting: Lighting that aims all of its light toward the
ground where its needed, not into the night sky where its wasted. None
of the bulb should be visible at night when you're standing at the same
level as the fixture. Most of these fixture can be-identified-by-their flat;
horizontal lenses. Examples: Flat-Lens Roadway Lighting, Flat-Lens
Parking Lot Lighting, the Hubble SkyCap and the residential
Glarebuster.

Smart Lighting: Using high-tech motion sensors and timers to
provide true safety, security and savings. Motion sensor lighting works
like a security system, turning on only when an intruder is in the yard,
scaring them away and alerting you by a sudden blast of light. Both
timers and motion-sensors save lots of energy and save you lots of
money on your power bill!

Best example: Heath-Zenith SL-5597 Full-impact Motion-Sensor

Floodlight
$30.00 at Home Depot
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Jennifer Barlow: Dark-sky Devotee

By Monica Bobra

When someone on an Internet message board suggested that a
night be set aside each year to dim outdoor lights so that people
could enjoy the heavens, a high-school student from
Midlothian, Virginia, decided to take action. Passionate about
astronomy and strong-willed, 15-year-old Jennifer Barlow
parlayed her idea into a widespread movement to have
everyone "step back for a moment and realize the wonder that
our universe holds." While maintaining her busy high-school
schedule, she single-handedly coordinated the effort and set up
a Web site to spread the word.

More than a year later, Barlow's hard work has paid off: her
National Dark Sky Week, first observed throughout the United
States on April 1—8, 2003, has been endorsed by the American
Astronomical Society, Astronomical League, International
Dark-Sky Association, and Sky & Telescope.

High-schaot sophomore Jennifer Barlow shows

off her first telescope — a gift that has fueled . ' ~
her passion for astronomy and for preserving S&Tf What:s the number-one reason peop le should
dark night skies. Courtesy Elizabeth Barlow. participate in NDSW?

Barlow: To be reconnected with the night sky. Most of us have forgotten the legacy of the night sky as
it seems to fade away behind the blanket of light pollution. The universe is an important part of our
history that should not be forgotten. S -

S&T: How are you encouraging your community to participate in NDSW? Are you having any
difficulties?

Barlow: I've distributed fliers in my neighborhood and encouraged almost everyone that I meet to
turn out their lights to preserve our night skies. The major difficulty that I have is lack of participation
by people who do not seem to recognize light pollution as a problem. In order for this to work, we need
more participation.

S&T: Have you encountered any opposition?

Barlow: I've encountered a few people who think that NDSW is a waste of time. Some say, "Aren't
other things more important?” A great many of them are, but I think there is little recognition for light
pollution. We have laws passed for the contamination of our water and air. What about our starry skies?

S&T: Do you feel people are educated on the light-pollution issue?

Barlow: Some people see that light pollution is a problem, but others do not know anything about it.
I've noticed that some people are 100 percent for NDSW — but, again, some have never heard of it or

&u&
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don't want to participate.

S&T: Have you talked to local politicians about your idea?

Barlow: Not yet, but I plan to do so for the years following.

S&T: How did you begin collaborating with the International Dark-Sky Association?

Barlow: In the summer of 2002 I sent an e-mail to the IDA asking for their support. I got a reply from
Robert Gent, who wanted to help me with my efforts.

S&T: What's the coolest deep-sky object light-polluted cities are missing out on?

Barlow: The first and foremost greatest thing to me that cannot be seen under light-polluted skies is
the Sagittarius Arm of our Milky Way galaxy. The Pleiades and the Orion Nebula are also among the
most beautiful features of the universe.

S&T: Do you have bigger and bolder plans for next year?

Barlow: T haven't thought too much about next year's NDSW yet, but definitely over the next few
years, I would like to see National Dark Sky Week become International Dark Sky Week. It would be
even better to get the whole world involved!

S&T: Have any interesting people contacted you?

Barlow: I have been contacted by people from radio shows, magazines, newspapers, and astronomical
societies. It's been wonderful getting to hear from all of them.

S&T: You've gone from a small-town schoolgirl to a national news figure. What's that like?

Barlow: Being recognized hasn't made me any different — just a little busier! I'm still a normal
teenager, worrying about tomorrow's algebra test! Again, it has been good to be able to spread the
wonder of the skies in their full beauty — without light pollution. - ,

©2005 Sky Publishing Corp. close veindow
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National Dark-Sky Week 2005 occurs from April
8-16

What is NDSW?
® A week during which everyone turns out outdoor lighting
to temporarily reduce light pollution
* An event that promotes better lighting and the study of the
universe

How do I participate?

* Most importantly, turn off the lights!

e Spread the word about National Dark-Sky Week. The only
way that there can be success is if people are aware and
participate

* Go to a safe, dark area with a group of people to observe
the beauty of the night sky. Carry a red-tinted flashlight
with you to maintain your night vision

| Séfety note:ﬁ Do not turn out any lights that are necessary for
safety purposes, i.e., busy walkways and parking lots

For more information, contact Jennifer Barlow, the founder of
National Dark-Sky Week at ndsw(@comcast net
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danshel

From: Jennifer Barlow [astronomer107 @comcast.net]
Sent:  Sunday, April 03, 2005 10:17 PM

To: danshel

Subject: Re: RE: dark sky

1elby,

angratulations on winning the science fair!! | attached the NDSW flier if you want to distribute them around your
wn and at the next science fair. Thank you so much for your help and good luck at the regional science fairl

ear Skies,
nnifer

~—- Original Message -----

From: danshel

lFo: 'Jennifer Barlow'

Sent: Sunday, April 03, 2005 9:45 PM
Subject: [Norton AntiSpam] RE: dark sky

hanks so much for your email. | actually won at our school level and now | go on to the regional science fair. |

vould love anything you could send me. Are you planning another dark sky? | read you had one a few years
1go. My next science fair is on Wednesday, April 6.

shelby

rom: Jennifer Barlow [mailto:astronomerlO?@comcast.net]
'ent: Friday, April 01, 2005 11:38 PM

o: danshel

ubject: Re: dark sky

i Shelby!
n sorry that | didn't get this until after the science fair; I've been away for a week in Florida, | think it was a

reat idea to do light pollution for a science fair because SO many people are unaware of the harmful effects of
jht pollution. Do you still want fliers? Let me know! Keep your interest in science and keep looking up!

lear (and dark) skies,
annifer

----- Original Message -----

From: danshe|

To: Astronomer107 @comcast.net

Sent: Saturday, March 26, 2005 10:57 AM
Subject: [Norton AntiSpam] dark sky

Hello Jennifer,

My name is Shelby Mielhausen and | am in grade 8. | am doing my science fair project on light poliution and
Saw you name and read about the work you have done. Congratulations on your hard work.. So far | have
taken pictures of our little town and 2 larger surrounding towns lighting. [ took them both at night and during
the day(of light fixtures, street lights, billboards etc) and plan to demonstrate the light pollution and which
ights are less invasive. | real that you could send me a flier attactment so maybe | could hand out the fliers at
he fair or If you could help | would make my own. Anyway the bad news is science fair is Tuesday, so if you

sould reply quickly | would apprieciate it. Thanks so much. Even if you receive the email to late | would still
ove to hear from you and maybe help anyway.

2005
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Thank you,
Shelby Mielhausen danshel@amtelecom.com

4/2005
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s Handbook discusses issues relative to «outdoor lighting codes, their ffectiveness, implementation, and

orcement. A "pattern code" is included, Both'as a stdrting point for comminities Who Wish to consider a .
hting code and as a way of discussing many of the issues that arise. This pattern code is not to be considered
a-model code to be implemented as-is. Each community will have different needs and different priorities.

2 Handbook is written mainly for communities in the USA, but many of the issues are the same for other
olications, such as state codes or codes outside the USA. Appendices include forms useful for administering a
le, descriptions of several recently adopted lighting codes, and other information. The Handbook is intended
e a dynamic document, and it will be revised regularly as new-information is developed in the effective
lication of lighting codes, and the science and art of outdoor lighting.
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ough comprehensive outdoor lighting codes originated with the pioneering efforts of western American communities
th significant astronomical research facilities, the issues are much broader than the darkness of the ni ght sky and the
- ~tiveness of astronomical research, making lighting codes relevant for all communities. All of us live under the sky
/non-astronomers), and all of us need quality outdoor lighting (even astronomers). Careless use of outdoor
hting damages the night time environment in many ways for everyone, often decreasing security and safety or even
ating hazards through glare and distraction where none would exist without the lighting. But the loss of the naturally
k star-filled sky is a tragic consequence for the environment and the human soul, akin fo the loss of our forested
dscapes or even the loss of fresh air to breathe. The night sky has been a canvas of our hopes and inspirations since

1ave been aware enough to raise our eyes from the ground. But our children are more and more growing up never
ing the stars, robbed of this inspiration of the ages.

ieced not happen.

reful and considered use of lighting at night, using light only when it
eally needed, where it is needed, and as much as is needed and no
re, would unblanket the stars i all but the largest cities. Compared to
ical outdoor lighting practices, such "quality lighting" on average puts
s than half the light into the sky, in some cases even less than

-tenth as much. Imagine it - in a city of 100,000 residents, effective
iting could bring back the starry skies of a town of 10,000. The town
10,000 might see the endless skyways of a village of 1,000. The
verse above could return to our towns and homes, to inspire the

ning generations as it inspired the creators of Orion the Hunter with
Golden Fleece of stars tightly in his grip.

ality lighting brings other substantial benefits as well. Lack of glare
 excessive contrast brings improved visibility, especially to the aging
- Elimination of wasted light saves money, energy and resources,

}in turn reduces air pollution, water pollution and carbon dioxide
ssions caused by energy production and resource extraction. Good
ting returns a sense of balance to the night, and gives a quality
earance to our towns and cities when the sun goes down.

poor lighting practice is rampant. Careless and excessive use of

ting in our outdoor environments causes extensive damage to the
hetics of the night, at the same time that it compromises safety and
ty, the very uses for which it is usually installed. Bad lighting hurts —
ryone. It starts a cascade of negative consequences - beginning with
loss of our views of the heavens, continuing through falling levels of I

;ty and utility, irritation of neighbors and Wildﬁfe, disturbance of the s e e ey e e 3 0 ok e et ot 2 e
hms of day and night that are vital to many natural systems, damage to the aesthetic appearance of our
imunities, wasted monetary and natural resources used to produce wasted light, and increased air pollution and
on dioxide levels from wasted fossil fuels. There is nothing good that comes from bad li ghting.

st bad lighting can be blamed on the fact that the user is unaware of the issues of visibility and utility, how they are
anced by good lighting and compromised by bad. Much is known about how lightin g affects our ability to see, to
afe, and to use the nighttime environment. Much remains to be learned. Though the science of li ghting has made
iendous strides in the understanding of quality lighting and visual perception, our communities will not benefit

1 this knowledge until we raise our awareness and expectations, and demand both quality lighting and dark skies.

chting code is the vehicle for a community to express its expectation for quality lighting and dark skies. If it is well
ten, implemented and enforced, the amount of improvement that can be achieved for most communities is nothing
t of phenomenal, both in reduction of sky glow and improvement in visibility on the ground. Effective shielding
J?rds, as recommended in this Handbook, will reduce the amount of light escaping into the sky by fifty percent or

compared to typical unregulated lighting practice. In the majority of cases, these shielding standards will also
ally eliminate glare. In applications where overlighting has become a common practice, such as in service station
py and much convenience store lighting, the overall lighting limits recommended in the USA Pattern Lighting



de, expressed as lumens per acre caps, will reduce unnecessary lighting, glare and stray light by even greater
portions. And, unlike other forms of pollution, the elimination of light pollution in all its forms actually saves

ney. Quality lighting costs less than bad lighting, in the long term and even usually in the short term. Everyone wins
M)lighting is done right.

e IDA Lighting Code Handbook is a response to the many requests for information on li ghting codes and assistance
~omposing lighting codes from the increasing numbers of communities interested in addressing these issues in
door lighting. Many issues related to outdoor lighting use and the means of decreasing obtrusive side effects of its

- through effective regulation are discussed. The Handbook is not a guide to other related issues or subjects such as
cient energy use, lighting system construction, design standards in general, or interior li ghting. It is intended as an
to communities that are recognizing the value and beauty of dark skies and the effectiveness of quality outdoor
iting, that are seeking to take control of their outdoor lighting, to "take back the night" that is being lost

ecessarily to careless and excessive use of outdoor lighting.

ructure of the Handbook

> next section (How to Use the Handbook and USA Pattern Lighting Code ) is a general overview of how the
ndbook can be used as an aid in the process of drafting an outdoor lighting code. Followin g this is a section

pics in Qutdoor Lighting and Lighting Codes ) with discussions of several general issues related to lighting and
iting codes, and the approaches that are most effective and why. There are no perfect lighting code solutions to all
iting problems, and several problem areas are discussed in Practical Issues and Problem Areas for Liohti

des . After adoption of a lighting code, the issues of ongoing enforcement and adaptation must be addressed, and

section on Ongoing Education in Qutdoor Lighting describes an effective way to keep the community involved.

<t is the USA Pattern Lighting Code , a generic code embodying the principles of light pollution control described

he Handbook. All section titles within the Pattern Code are linked to Section Qverviews , where general issues
ted to the section are described.

1 each section are links to Notes that follow the USA Pattern Lighting Code, each addressing specific issues
ted to the code text, such as alternative versions, issues that should be considered if the text is modified, and
mples of codes that use similar text or from which the pattern text has been borrowed. Different communities will
e different goals and priorities, and alternatives may be offered where a different emphasis or approach can be
n. Sometimes the implications of alternative approaches or modifications may not be obvious, and the notes will
cribe some of these. Examples are used to show what has worked, where, and why.

such links are indicated by the usual hyperlink color and underline convention using this color (if not yet

ited") and this color (if already "visited"), and also by italics, so that they may be evident in black and white
lcopies. : : :

owing the Notes are short sections covering a few technical definitions used in the Handbook but not included
e Pattern Code Definitions - if you come across a term you don't understand in the Handbook, check for it here

in Section 16 ; a brief description of the primary reference sources and organizations serving as background for

Handbook; and an example Lighting Advisory Committee Proposal .
t are Appendices. Appendix A: Administrative Forms includes forms that can be used in the process of

inistering a lighting code based on the Pattern Code. Appendix B Example Applications of Section 4
marizes how the shielding and lumens per acre standards of Section 4 apply to residential and commercial land
in the various Lighting Zones. Appendix C: Example Lighting Codes includes brief descriptions and links to
ral real in-place lighting codes. Some have been written using this Handbook, or an earlier version; some have

| other guides. These examples illustrate on-the-ground solutions to outdoor li ghting problems in communities with
ring size, location, history, composition, and goals.

"W to Use the Handbook and USA Pattern Lighting Code

IDA Lighting Code Handbook does not intend to offer a single solution appropriate for all communities or



ations. It offers instead a comprehensive guide describing issues relevant to the control of the obtrusive aspects of
door lighting, and a list of effective regulatory approaches to mitigate these aspects. The Handbook is intended for
by any community of any size or locale in the USA seeking to produce a new or update an existing lighting code. It
~1s0 be a valuable guide for communities outside the USA, though IDA intends to supplement this Handbook with
) codes and discussions more directly applicable to other countries as time and resources permit.

begin the process of getting a lighting code for your community, you must first seek to establish a consensus that
re is a problem and that something needs to be done (see also What Makes a Lighting Code Effective ). Educate
rself about the issues, using this Handbook and the materials on the IDA website . Especially valuable are the

\ Information Sheets IS #6: Advice on Working with Community Leaders, Officials and Others , and IS #96:
w to Get an Outdoor Lighting Ordinance. Meet with others of like mind, perhaps members of a local astronomy

b, staff and users of local natural parks or areas, members of local environmental groups, civic groups, lighting
ineers and designers. Meet also, early on, with the planning staff and the city council or other governing board of
community, tell them what you see as the problems, and seek their input on what they see as the problems. Give
s to local groups about the issues.

en enough people are concerned about the state of outdoor lighting, then a group can be formed to investigate
itions. Members should include yourselves, members of the planning staff, perhaps council members, lighting
gners, sign manufacturers, electrical or lighting contractors. Membership should be broad, but the committee must
 keep clear what the problems are and not let the committee steer away from effective answers to the problems.

2 beginning point, your committee and community must define the problems it wants addressed, and rank them

re appropriate in order of priority. Is energy conservation a principle concern? Sky brightness? Is there a concern
he community about overlighting, or perhaps underlighting, or both? Is there a significant senior population who is
ly to be more sensitive to glare than younger citizens? How sensitive is the community to the aesthetic appearance
ie community at night? In which situations or locations does the community place a high priority on the

ervation of starry skies, and in which on the illumination of the built environment such as buildings and

Iscaping?

it information to begin considering for your lighting code - beginning with lighting levels and practices in your
imunity, any local lighting codes, and also examples of other lighting codes, particularly for your state or for

munities of similar size from within your state if any are available (see the IDA website for many links to
ting codes and other resources.)

' code prescribing something as complex and diverse as lighting practices will naturally be somewhat complicated.
nplicated codes can be difficult codes - difficult to understand and difficult to apply, demanding considerable and
1aps unexpected resources of community planning departments. Good lighting codes recognize these facts, and

. approaches to the issues that are as simple to understand and apply as is possible while maintaining effectiveness.

ore modifications are attempted to form your code from the information in this Handbook, the USA Pattern Code,
other codes you may be using as guides, the information and codes must be understood. Then modifications
opriate to the local situation, attitudes and laws must be devised that will produce a lighting code that defines what
r community wants and expects of its lighting. The perspective of the planners that will implement the code is vital,
they must be involved in this process, the earlier the better. At all times, be sure you understand the implications of
ipproaches chosen, both technically in terms of lighting specifications and practically in terms of applicability,
ticality, enforceability, and cost.

implementation of a lighting code will require administrative procedures and forms. The forms contained in
endix A, should be modified to suit the code you have written and the style of implementation favored by your
ning department. In most cases this will mean much shorter and simpler forms than included in this appendix,
e these forms address a variety of situations that are possible in codes but unlikely to occur in a single lighting

-
i

Ily, you must stay involved with lighting issues in your community. You must regularly re-examine lighting
ees in your community and the effectiveness of the code, and modify it or its implementation to improve
:tiveness and address the inevitable problems that will arise. Refer back often to this Handbook on the /DA
site , as it will be regularly updated as new or better solutions are found. If you find a solution that you feel might



vetter than the approach offered in the Handbook, or simply different and suited to a specific situation in your
nmunity, the IDA is interested in your information to help in keeping the Handbook as up-to-date and useful as
sible.

. gies in Outdoor Lighting and Lighting Codes
hy Is Lighting Used?

door lighting is used for a variety of purposes in our modern society. For work or recreation, it enables people to
essential detail in order that they may undertake their activities at night. It can facilitate and enhance the safety and
urity of persons or property, for example through lighting on roads and pathways. It may be used to emphasize
ures of architectural or historical significance, and to light parks and gardens. It is used for advertising or display to
mote products or services, or to call attention to commercial premises by means of area lighting or signs.

netimes, too often, lighting can be found that appears to have no use. It may be that whatever use or problem it was
inally installed to address is no longer relevant or remembered, but it seems sometimes that there was never much
1ght given to the light. Any lighting should be carefully considered in terms of needs and community standards (see

\ IS #138: Lighting Design Check List ).

 different uses to which lighting is put impose different requirements on the kinds and amounts of light needed, and
> rise to differing potential adverse impacts. Because of this, lighting codes often distinguish three general types of
ting uses, and apply somewhat different standards for each.

st lighting is used for general illumination, to provide simple visibility in areas used by pedestrians (walkways),
estrians and vehicles (parking lots) or vehicles alone (roadways) at night. The lighting is used to allow the relatively
ple tasks of navigation, avoiding hazards such as people, curbs or other vehicles, and locating vehicles.

ilar kinds of lighting and lighting code standards are applicable for security lighting. The relation of lighting to
'ty is complex and uncertain, and one must be certain what is meant by "security.” In the context of "security

«ag," the word is often used in the sense (as defined for example by the Illuminati ineering Society o

th America - IESNA ; see also IDA Information Sheet #47 ) that the lighting provides a feeling of comfort or

dom from worry for the people using the area (it is important to note that IESNA recommended practices for

irity lighting do not purport to provide personal safety or protection from property crimes). The provision of

irity in the more important sense - freedom from danger - is problematic. Some studies of the relation of lighting to

ty or the prevention of crimes show that lighting can help reduce accident or crime rates, but other studies show no

lion or even that safety and security are decreased (see for example [DA Information Sheet #51 : Li ghting and

ne ; IDA Information Sheet #63: U.S. Department of Justice Study of Stréet Lighting and Crime ). The U.S.

artment of Justice has concluded that there is no statistically significant evidence that street lighting impacts the level

ime, but that there is a strong indication that increased lighting decreases the fear of crime. This could even lead to

possibility that some low-quality lighting may make people more secure in the sense of feeling safer, but less safe

ict if they then behave in a less guarded manner.

ting used for both "security" and "general illumination" is addressed with similar standards, and is termed "Class
in this Handbook, defined as

All outdoor lighting used for, but not limited to, illumination for walkways, roadways, equipment yards,
parking lots and outdoor security where GENERAL ILLUMINATION for safety or security of the grounds is
the primary concern.

yme applications of outdoor lighting, it is considered essential not only to see the locations and nature of objects,

iiso the “true” color of those objects ("true" is generally defined in reference to the appearance under daylight

litions). Such uses might include signage, outdoor sales areas (automobile display lots, for example), ocutdoor

1g areas, and service areas where detailed work is done on vehicles or other equipment at night. Here some kinds
‘}t quite appropriate for general illumination may not provide adequate color perception, and the standards applied

<h lighting in lighting codes may be different. The need for such lighting must be carefully weighed against the

ntial disadvantages such sources may have in terms of efficiency (see What Types of Lamps Are Used in



idoor Lighting? ). This kind of "white" lighting is termed "Class I " lighting, and is defined as

All outdoor lighting used for, but not limited to, outdoor sales or eating areas, assembl y Or repair areas,

advertising and other signs, recreational facilities and other similar applications where COLOR RENDITION
! IS IMPORTANT to preserve the effectiveness of the activity.

ally, there is a large variety of minor uses for lighting where the principle purpose is decorative - building fagade
iting, roof lighting, landscape lighting, etc. These uses for lighting, though certainly legitimate, are often viewed
communities as less important to the general public and may have limitations imposed accordingly. Further, it is
reasingly recognized that building fagade and roof lighting is often used as an advertising vehicle, effectively

verting entire buildings into advertising signage that takes advantage of a loophole in si gn size limitations that are
osed in many communities.

>se uses are grouped together under "Clgss 3 " lighting, defined as

Any outdoor lighting used for DECORATIVE effects including, but not limited to, architectural illumination,
flag and monument lighting, and illumination of trees, bushes, etc.

hat is an OQutdoor Lighting Code?

outdoor lighting code is a legal document that establishes permitted and prohibited li ghting practices, with an

hasis on limiting obtrusive aspects of lighting more than an emphasis on good lighting practices per se . Most
ting codes are concerned primarily with limiting the wide-reaching effects of stray light that causes glare, light
pass, sky glow, and limits the ability of persons to use property in ways that do not want or need lighting. Lighting
es are often included as a chapter of the zoning or land-use code, though zoning codes may severely restrict
rcement options. The standards of a lighting code are applied to new construction of all kinds in much the same
 as a building code, electrical code, or plumbing code, and consideration should be given to enacting the lighting

e using a similar legal structure to these. Lighting codes often require some previously installed lighting to be

*'v>ht into compliance immediately or at some future date.

iting codes may be enacted at different governmental levels -- from state to county or township and city and even
clopment project or neighborhood. State-level codes usually address only very general issues, though they may
ctheless serve a valuable role, enabling the adoption of more comprehensive codes at local levels. State-level codes
generally address lighting built with state funding, such as state highways or for state-owned facilities that are

n legally exempt from local codes. They can also establish a basic code for areas of the state that do not yet have or
'never have more comprehensive codes. At the development or subdivision level, lighting codes or restrictions can
ncluded in design standards or Conditions, Covenants, and Restrictions {CC&Rs)-to-be applied only to the homes
evelopments within the subdivision. Such codes are often the most effective vehicle to address specific residential

ling issues such as shielding of low-output lighting that are oftén exempted in higher-level ti ghting codes for
tical reasons.

1y Must Outdoor Lighting Be Regulated?

ugh there are many needs for lighting in our built environments, obtrusive aspects of lighting often extend well
ond the boundaries of the area in which the lighting is installed and intended for use. These obtrusive aspects, such
are, trespass, energy waste, and sky glow, can have serious consequences for the public health, safety, and

are, but they can also be effectively controlled or eliminated with carefully considered attention to design,
llation, and use.

less lighting practices can have serious negative impacts on public safety. Glare and excessive contrast caused by
ly shielded luminaires and overlighting compromise everyone's ability to see, and as eyes age they become
cularly susceptible to these disabling effects. It is commonly known that many elder citizens are reluctant to drive
ght, but it is not so widely known that a large portion of the problem originates with poor lighting practices.

Ir, some perfectly legitimate purposes for lighting have potential incompatibilities, As an example, the advertising
ts of illumination that appears brighter or "cheerier" than the competition is a well entrenched aspect of business
The resultant competition for "visibility" and advertising is leading in many communities to upward "ratcheting"



lighting levels and extreme examples of overlighting and glare. It is well known what happens to a community that
s no limits on the size of signage, and it should not be a surprise what happens when there is no limit on the amount
lighting. Though lighting may sometimes be effective in attracting customers, overlighting interferes with visibility

~"jacent roadways, the goals of energy and resource conservation, and the preservation of the dark ni ght sky.
,\:ing of these competing interests requires a carefully considered lighting code. '

her civil or federal regulations may have impacts on same aspects of outdoor lighting. Si gn codes often address

ues of size, lighting, colors and other design or composition details that may affect the light output of the sign
hting. The Federal Energy Code (Code of Federal Regulations, Title 10, Vol. 3) establishes energy conservation
ndards for the design of new commercial and multi-family high rise residential buildings, suggested for voluntary
npliance at non-federal facilites but required for federal commercial and multi-family high rise residential buildin gs.
lescribes many issues related to quality lighting, but the primary focus is on the energy used.

hat Makes a Lighting Code Effective?

e goal of good-lighting and dark-sky advocates is not a lighting code. The goal is the actual, real-life elimination of
‘adverse effects from outdoor lighting, such as light trespass, glare, energy waste, and sky glow. A good lighting
le is a vital step toward these goals, but actually achieving them requires not only a lighting code, but also effective
plementation and enforcement of the code on an ongoing basis. After adoption, the code must lead to quality lighting
ctices in the real world or it does not accomplish anything.

e actual adoption of a good lighting code for your community takes you through the first steps, but other steps must
accomplished if the overall goal is to be realized.

¢ 1. Define the Problem

nost communities, even before you can hope to draft a lighting code, an awareness of the issues and of the
racteristics of quality lighting must be built. This process starts first with any group that is especially motivated or

sitive to the issues, including persons sensitive to the aesthetic character of dark skies and/or the many values of
y lighting.

ough efforts at education this initial group then broadens the community's awareness, in general and especially of
legislative bodies (councils or county supervisors, for examples). Through this process a broad consensus will
elop both that there is a problem and that there are effective solutions.

® 2. Draft and Enact a Lighting Code
y then can the process begin to draft a code appropriate for the community, and to take this code through the
cess-of community review, enactment, and implementation. :

areful consideration is not given in these first steps to the practical issues of enforcement, adoption of a good

ting code will not achieve the goal of quality lighting and dark skies. To have a code that will be effective requires
only careful consideration of the implications of the way the code standards are written and compliance evaluated, it
 requires that awareness and interest of the community in the issues is maintained. Breakdown on these factors has
n the downfall of many otherwise technically correct lighting codes.

¢ 3. Enforcement and Monitoring
® 4. Stay Involved!

ticality of implementation, application and enforcement are emphasized again and again in this Handbook.

initions must be clear and understandable; rules must not only be technically correct and effective, they must also be
erstandable and easily interpretable and enforceable; forms for implementation and administration must be clear and
erstandable to lighting users, lighting designers, and planning staff. Achieving these complex and interrelated goals
allenging, but they must be successfully meshed if the community is to see real improvements.

.u(%inistrative Impacts of an Qutdoor Lighting Code



plementation and enforcement of a lighting code will have impacts on planning and code enforcement staff, In
dition to the time required to review materials related to lighting, and follow-up on-site to verify compliance, the staff
Il need to develop some familiarity with lighting terms such as lumens, and how to reliably evaluate the shielding
~wacteristic of luminaires. Further, enforcement of any code includes not only the assurance that plans and

ction conform to the standards of the code when the building or lj ghting permit is issued and when the project is
fipleted, but also monitoring of continuing compliance after the project is completed.

tial on-site verification of complex installations can be minimized by requiring that large projects be certified by a
istered engineer as conforming to submitted plans, after construction is complete (as in Section 7.6 of the USA

itern Lighting Code ). B

e approach to implement the code can revolve around filling out the Per. nt empor: ighti

plication, Existing Lighting Inventory and Lumen Qutput Calculation Sheet , or a modified version of this form.
is form is filled out by the applicant, but staff will need to be familiar with initial lumen outputs of the variety of

ip types to be sure mistakes are not made. To verify initial lamp outputs, reference can be made to any

nufacturer's lamp catalog (available from Sylvania or GE, for example) or the £, etd:

erating Data and the Economics of Different Lamps . There may be slight differences in initial luminous outputs

lamps from different manufacturers, or lamps with slightly different specifications. The values submitted should be

ted for obvious errors. Initial outputs are the values required for this form - staff must assure that other output

ues are not entered, such as "mean," "minimum," "effective," or "maintained" values.

every lamp and luminaire combination proposed for a project, staff must review the information submitted (under
tion 7.1.B in the USA Pattern Code ) to be sure the shielding characteristic claimed by the applicant on the

hting Application is justified. Unshielded luminaires will hardly need investigation, and there should be relatively
' used under a lighting code. Luminaires claimed as shielded must be checked more carefully, but this will almost
ays require no more than a picture of the luminaire (see Note 17: How to recognize > fully shielded fixtures ).

nitoring of lighting after the initial construction is completed is always difficult in practice, but also vital to the
ate success of light pollution control. With a good foundation of education about lighting issues (see What
w8 @ Lighting Code Effective ), there should not be many examples of such violations, but the treatment of those
t do occur will determine whether they become a serious problem in the community, or fade away as the lighting
nmunity becomes accustomed to the code and the benefits of good lighting for everyone. If violations develop due
iset ignorance, or due to outright "bootlegging," enforcement is difficult and time-consuming. The available
ning and enforcement staff is usually not large enough to maintain any comprehensive surveillance, especially at
ht, and enforcement is usually on a "complaint” basis. A local IDA Section or outdoor lighting advisory group (see
; tion i d ghting ) can be valuable here. On-going education, especially in the business and
ting communities; about the value of good lighting and the reasons for the cade are valuable here also, butno
umunity should expect that monitoring and ongoing enforcement will not require time and resources.

 reasonable to consider even establishing a true "lighting permit" with associated fees, much as is done with
ding, electrical, and plumbing permits. Possible fee structures could be a fixed value for all permits, or based on
ibers of luminaires and/or total lumen output of the project.

1y Are There Different Standards for Different Areas?

erent areas, with different developed and natural conditions, have differing levels of appropriate light usage, and
erent sensitivities to the various obtrusive aspects of outdoor light usage. Because of this, five Lighting Zones are
ned in this Handbook, and lighting standards appropriate to those Zones are established. The Zones are based on
Environmental Zones defined by the ssion Internati 'Eclair IE) , and also used by the
NA, which are describe as follows:

e El:
Areas with intrinsically dark landscapes. Examples are national parks, areas of outstanding natural beauty,

areas surrounding major astronemical observatories (but outside Zone E1A - see below), or residential areas

+ __where inhabitants have expressed a strong desire that all light trespass be strictly limited.
e E2:



Areas of low ambient brightness. These are suburban and rural residential areas.

e B3 :

‘ Areas of medium ambient brightness. These will generally be urban residential areas.

e B

) Areas of high ambient brightness. Normally these are urban areas that have both residential and commercial
use and experience high levels of nighttime activity.

this list of Zones based on those defined by the CIE, this Handbook adds a fifth Lighting Zone:

e E1A:
Dark-Sky Preserves. These are areas close to major active astronomical research facilities, and within and near
dark-sky preserves or parks that have identified the preservation of the darkest nighttime environment as a
priority. Here the preservation of a naturally dark landscape and the darkest sky is of utmost importance.
Further, the spectral characteristics of the lighting nsed may be important, with a strong preference for
low-pressure sodium (LPS) lighting near the astronomical facilities.

 lighting code, these Lighting Zones may be tied closely to land-use zoning categories Some codes have established
rict one-to-one correspondence in this regard, where every occurence of a particular land-use zoning category (like
vy commercial or single-family detached residential) has the same lighting standards. Other communities may apply
concept somewhat differently, where Lighting Zones are defined in relation to proximity to some particular

urce, like an observatory or a park, and apply the same lighting standards to all land-use zoning categories equally.
iird possibility is a combination of these two approaches, where for example a commercial zoning in a rural area or

r an observatory may be one Lighting Zone, whereas the same commercial zoning in an urban surrounding would
n a different Lighting Zone.

eneral, the approach envisioned in this Handbook would establish Lighting Zones as an overlay to land-uses,

owing the definitions described above. Under this approach, a rural area overall might be considered Li ghting Zone

or E2; a suburban or urban area might be Lighting Zone E3 or E4. Then, a parcel zoned for commercial use in the

1 area might be permitted 25,000 or 50,000 lumens per net acre, while a parcel with the same zoning in the urban
jight be permitted 100,000 or 200,000 lumens per net acre.

ould a Lighting Code Specify Lighting Levels?

httime overlighting is increasingly becoming a serious issue. An egregious example in recent years is service station
opy and convenience store lighting, where illuminances of 1000 lux (100 footcandles) or more are increasingly

g seen. Other applications are also seeing uncontrolled upward ratcheting of lighting levels in many communities,
en by competitive pressures and perhaps by perceived liability risks.

rinciple in good lighting design maintains that the brightest areas in a person's field of vision should not exceed ten
>s the brightness of the average level to which the eye is adapted. If roadways are to be taken as the reference level,
ninated at 3 to 16 lux (0.3-1.6 footcandles), then this common-sense rule is being exceeded in many cases by great
gins. This is a serious problem, leading to compromised visibility and safety, particularly for the ageing eye. To
ctively address many of the issues of light pollution, overlighting must be addressed.

tural inclination is to turn to the lighting profession itself, and require, as a part of a li ghting code, lighting levels
>commended by, for example, the Illuminating Engineering Society of North America (IESNA). Though thisis a

ral approach, used in some lighting codes to varying degrees, there are several practical problems with this
roach.

, the recommended practices of the IESNA are often specified as minimum average illuminances (particularly for

ing lot lighting), meaning that the average level should be as specified or greater. More importantly, they are also

ntended to be applied in a recipe approach, an approach inherent in a legal document such as a li ghting code. The

mimendations are offered as a beginning point for lighting professionals, who are expected to turn their expertise

training on the problem at hand to determine what other factors may influence the needed li ghting. Lighting levels
}bove and below the recommended levels are professionally justifiable for some tasks and locales.

nd, lighting levels, when listed simply as an average illuminance (the most common number seen), are difficult to



ly as a code limit. In practice, determining average illuminance requires expertise and time; it is not as simple, as is
-n imagined, as "going out with a meter and checking." Measuring an average illuminance requires nighttime work,
reas often with automobile traffic, laying out a regular grid of many points and taking illuminance measures at these
»+q with a calibrated and carefully leveled meter with care taken to avoid any influence of shadows or reflections.
_ge illuminances commonly specified in professicnal practice are also "maintained" averages, which means that
illuminance is to be met when the light loss factors (LLF ) appropriate for the lamps, luminaires and planned
intenance routines are applied. This means that the "maintained average" illuminance, such as appears in the
ommended practices of the IESNA, is not actually measurable on the pavement in any simple way, and additional
les concerning appropriate maintenance factors will have to be considered in the code. After-construction
ermination of compliance with any rule is a risky course, risking discovery of non-compliance after the money has
n spent, the design finished, and the lighting literally set in concrete. To avoid these problems a code may consider
ining compliance as occurring at design stage - but this approach then requires a professional design for every
iting permit application - an expensive requirement for small projects, and substantial training for staff to aliow them
ompetently evaluate whether the designs offered are correctly done and without error.

ally, lighting codes are interpreted, implemented, and enforced by persons that generally have limited expertise in
technical aspects of lighting design. The cost and training implications of extensive illuminance specification (or any
inical specification) in a lighting code are severe. Either the planning departments must obtain and maintain this

ertise, or the costs must be imposed on the development community, including every small business that puts up a
it.

s Handbook and the USA Pattern Lighting Code contained within it have emphasized a different approach, taking
rection that avoids wherever possible technical lighting specifications such as average or maximum illuminance, as
1able as these are to lighting professionals in the design process. The control of the majority of overlighting
blems can be addressed effectively by an overall cap on the amount of light permitted, scaled to the area to be
eloped - lumens per acre caps. The amount of light included in a plan, measured in lumens, is practical and simple
erify from a simple list of lamps, and requires no special lighting expertise. It also leaves the maximum flexibility
the lighting designer, to work within an overall "lumen budget" to creatively achieve the goals presented by clients.
ong as the lumen amounts permitted provide reasonable amounts of light for the designer to work with,

sional quality designs can achieve the goals and solve the problems, if any, of each lighting situation by trading
smounts of decorative and general illumination, areas to be illuminated, illumination levels and uniformities, types
iminaire optical design, and other factors to achieve quality lighting without the code telling them permitted
ninance levels for each situation. (See s Discussi lumens per net C .) IDA believes that
tivity in lighting design is enhanced rather than suppressed by this approach.

tendency to upward ratcheting of lighting levels is viewed by many as a simple advertising ploy, though in public
it is always justified with arguments about safety and security. The goal of the lighting code should be to stop
lighting, but implemented in

rue safety and security.

a practical manner that allows design flexibility to assure that lighting is always ample

pite the effectiveness and practicality of lumens per acre caps for most general lighting uses, some special uses such
ports fields and display lots, because of the large amounts of light used and the potential for large obtrusive impacts
ild professional design standards be neglected, justify the fiscal impacts of technical specification and professional
gn. To avoid imposing large training or expertise requirements on planning department staff, these technical design
ils can be certified by a registered engineer hired by the builder. For the limited and generally large project types

ect to this requirement, the relative cost implications are small, but are vital to assure the quality of the final lighting

buld a Lighting Code Limit Pole Heights?

€ communities have specified limits on the heights of lighting poles, either through a li ghting code or otherwise in

lopment design standards. There can be two intentions here, but the results of such restrictions may not be what is
ded.

jntention is to limit the daytime visual impact of tal! light poles against landscape views, then shorter poles may
; but lighting uniformity goals of the designer may offset the gains from shorter poles by causing an increase in the
ber of poles. More poles also are likely to cost more money to install and operate.



__ Pole height restrictions may cause more poles to maintain uniformity

e intention is to limit the nightime visual impact of lights, in particular the spread of light from hi gh luminaires into
ounding areas (light trespass), results may be much less than hoped. Again, since most area li ghting has certain

et uniformity levels, shorter poles will mean that more must be used, which may increase the visual impact at night
ell as in the daytime. While these poles will be shorter, a community must carefl ully evaluate whether the trade-off
10r¢ poles might compromise the original intent to reduce visual clutter. [

Pole height restrictions may cause more glare with higher angle candlepower distributions

rtunately, in attempts to reduce costs, some designers will avoid increasing the number of poles by using

lires that have greater high-angle luminance, that is, luminaires that throw more light to the side. These
naires would achieve the illuminance and uniformity specifications sought with fewer poles, but will do so at the
of increased glare. This will lead to increased light trespass, just the opposite of what the goal may have been in



ricting pole heights. Visibility is likely to be compromised as well.

eneral, it 1s not recommended that a lighting code limit pole heights. With good desi gns using fully shielded
vinaires, poles with standard heights (up to about 11 meters or 35 feet) are in most situations minimally obtrusive. If

s trouble in your community due to unusual circumstances or practice with the use of unusually tall poles (over
ut 14 meters or 45 feet), then pole height restrictions may be considered to address the problem, though it is not
ommended fo restrict heights to much below about 8 meters (25 feet).

adway Lighting

idway lighting is a special case of area lighting. Since there are rarely advertising or competitive pressures involved
oadway lighting design, it is often approached in lighting codes differently than other outdoor li ghting or even left
of the lighting code altogether. The issues driving lighting types and standards for roadways are dominated by
siderations of safety, costs (capital, energy and maintenance), and to some degree aesthetics. Generally, the
imunity itself will provide roadway lighting, or contract the design, installation and operation of the li chting

ugh the local electrical utility company. If developers of new projects are required to install roadway lighting, the
wnunity will likely specify details of how the lighting is to be done and assume ownership and operation after
struction. Such specifications commonly include hardware, pole heights (and sometimes colors), pole spacings and
itions relative to the roadway, and illumination levels. :

ny communities have engineering standards in need of updating, however, and most communities will have at least
e old, obsolete and glarey streetlights. The first step in improving roadway li ghting is to determine who specifies,
alls and maintains the lighting: the local community, a power utility, or a state or local highway department. Once
is ascertained, the responsible agency should be encouraged to update any out-of-date standards. The current
mmended practices for roadway lighting promulgated by the IESNA (in ANSI/IESNA RP-8-00) now include

ng recommendations that all roadway luminaires be fully shielded. Though the illumination levels recommended

/ be considered by many smaller communities to be too generous, the levels are quite reasonable and provide for

d visibility without any tendency to over-illumination in the sense commonly seen in commercial installations.

pchnical specifications for roadway lighting standards should be devised or at least reviewed by a licensed
neer who specializes in this field, or preferably has professional lighting design credentials.

for these reasons that roadway lighting is usually addressed through engineerin g standards. The engineers who

se these standards are aware or should be aware of the professional practices concernin g roadway lighting. If the
mmended practices of the profession are followed when determining the roadway li ghting standards for a

munity, there should be no need for further oversight in the more generally applicable li ghting code. In many ways
ighting code is an attempt to bring the remaining lighting in a community, sometimes designed by competent
essionals but often not, up to a level of quality commensurate with the state of modern roadway lighting design.

 also e l: ighting st N

at Types of Lamps Are Used in Outdoor Lighting?

e are many types of lamps used in outdoor lighting, a much greater variety than are familiar to most i ghting users.
1 type has applications where it is appropriate. Lighting designers must evaluate a variety of factors when choosing
s, including available luminous outputs, output maintenance (how the lamp's output decreases with time),

iency, capital costs, life cycle costs, color, size, lifetime, turn-on characteristics, environmental factors such as
rdous materials and effects on wildlife, and availability of fixtures. When decisions are made about what kinds of

s to use in a project or to require in a lighting code, a consideration of all factors, both those advantageous and
lvantageous for any given type, must be made.

w are descriptions of the principle lighting types used for outdoor area li ghting and decoration. The less common
wer lighting technologies such as light-emitting diodes (LEDs), induction lamps, and others, are not discussed
, though they may occasionally be seen in large projects such as bridge lighting. For further information see also

ESNA Lighting Handbook, and many of the IDA Information Sheets particularly IS #52: Efficient Qutdoor
lng . A summary of many of the factors related to the different lighting types discussed here appears below .

ndescent
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Y OMMOTIY NSEA TOT LN¢ MaJor
1 outdoor. Light is produced by the

pen to produce a little light.) Advanta

\ps and luminaires, wide availability, wide variety of both lamp and fixture

ity of residentia
passage of an elec
ngsten wire in an evacuated or halogen-filled glass or silica envelope.
andescent lamps are widely available in a huge variety of lamp styles of
/ to moderate luminous output (mostly below 2000 lumens). They are
nmonly used in applications where such low outputs are needed and
ere the lighting is often switched off and on. Some applications take
antage of the relatively high heat production of such lamps; more than
6 of the energy used by incandescent lamps goes into the production of
t. (It has been said that incandescent lamps are really heat sources that

ighting, both indoor
trical current through

es include low capital cost for

es, lack of a warm-up per

od, and lack of hazardous wastes.
advantages jnclude short lifetimes (most less than a few thousand hours),
efficiency (about lumens/watt) with resultant h gh per-lumen ey

e.cycle cost, attraction of insects, and high production.

40-70 lumers watt™"

)
1pared to lamp types below) and poor
e.

Fluorescent

they predominate in indoor retail and office uses, and are occasionally seen

in outdoor area lighting, usually in smaller or older installations. Light is
produced predominantly by fluorescent powders coated on the inside of the
lamp that are activated by ultra-violet radiation produced by an electrical arc
through a low-pressure (about atmospheric pressure) mixture of
gases including mercury vapor, A current-limiting device (ballast) is required
to operate these lamps, but they can typically be easily and immediately
switched on and off like incandescent lamps, and they reach nearly full
output almost immediately. Fluorescent lamps are also available in the
so-called "compact" styles. These "PL" fluorescents can make highly
efficient and cost-effective replacements for low-output residential lighting -
uses that are not too frequently cycled off and on. Qutputs up to about 8000
lumens are available (about 2000 Im in "PL" styles). Advantages include low
initial costs for lamps and fixtures compared with the lamp types below, lgzv

life cycle costs and high efficiency compared &
lumens/watt mean output), no warm-up period, good color rendition, and
long lifetimes (10,000 - 20,000 hrs). Disadvantages include higher initial

costs compared to incandescent lamps, large lamp sizZe, Tow efflclency
output maintenance, attraction of insects, and potentially hazardous mercury




ercury Vapor (MV)  H T(. ot i ooty iy ehe raq

Mercury vapor lamps
(sometimes called

high-pressure mercury, as
distinguished from

e e e e fluorescent) were the first
' widely used high-intensity
‘ discharge (HID ) lamps.
Light is produced by the
passage of an electric arc
ough a small tube filled with mercury vapor at high pressure (2-4 atmospheres). A ballast is required to operate the
op, and full output is not reached for several mi
npared to the incandescent lighting technology they displaced after the second World

m out," instead fading to lower lower outputs
original amount of electrical power. Several lighti
mology is moribund, and not often specified for a

tal Halide (MH)

Over years or even decades, though still consuming essentially
ng codes prohibit their use, though with mixed effectiveness. The
1y extensive commercial or public outdoor lighting,

Metal halide lamps are HID
lamps, similar to mercury

vapor lamps but with the
aagmon of small amounts of

various metallic halides,
' | such as scandium, sodium,
HS- 90 funmens ottt | dysprosium, holmium and
. thulium iodide. Light is

produced, as in the mercury
t lamp, by the passage of an electrical arc through a small tube filled with mercury v.

apor and metal halides at 2-4
s atmospheric pressure. Again, a ballast is required, and full output is not reached fo

ed. The many different varieties of metal halide lamps give a wide variety of slightl
ch generally they are white or blue-white sources, The technology is still evolving,
arly. Besides a relatively steep fall-off in intensity with time (compared to hi
/ metal halide lamps also ch i i

or lighting where white ligh
sports lighting, and service s
1t lamps (3500 - 170,000 lu
mens/watt mean), and go
ared to high- and low-
violet output if not ad

r 2-10 minutes after power is
y different color characteristics,




gh-Pressure Sodium (HPS)

|

D Jamps for roadway and parking lot lighting, though in some areas metal
ide is becoming more popular. Light is produced by passing an electric
through a small tube filled with sodium vapor at about 1/4 atmospheric
ssure, and a ballast and warm-up of about 10 minutes are required.
antages include a long lifetime, a wide variety of moderate to hi
inous output lamps {2000 - 120,000 output), high
ciency and good mainfenance of luminous out put compared to all lam;
s except low-pressure sodium, moderate color rendition compared t
_pressure sodium and wide availability and modegate cost of lamps and
inaires. Disadvantages include poorer color rendifion than meta] halide
rescent and _Poorer output maintenance and efficienc

pressure sodium, and potentially hazardous mercury wasis.

v-Pressure Sodium (LPS)

Fowr-pressure
) sodbum e

lamps

are widely used in parts of
Europe and elsewhere, and
in some American cities,
particularly those near active
astronomical research

facilities and those especially
erned about energy issues and municipal electric bills. Light is produced by the passage of an electrical arc through
e filled with sodium v

! vapor at about 6 millionths of atmospheric pressure. A ballast is required and 7-15 minutes
eeded to reach full output. The light produced by LPS lamps is nearly monochromatic at a wavelength near 589

meters. Though the eye is very sensitive to this wavelength (leading to the high efficiency of LPS), the eye cannot
guish colors when LPS Tight is the only source available. Low-pressure sodium I

; ] ghting is favored where energy
imption and costs are a major concern and where color discrimination is ei

y W scattering, ] othe )
s. Disadvantages include the [ack of color rendition, shorter lamp lifetime > and higher lamp replacement costs
ared to HPS, and large lamp size in the higher output lamps.




A bigger disadvantage, not affecting the other lamp types, is the relation
many lighting designers have with [PS lighting. For this reason LPS bears
further discussion here, to address some of the issues any community will
have to address if LPS li ghting is considered.

Low-pressure sodium could profitably see more wide-spread use for what is
called "Class 2" lighting, that is Ji ghting situations in which the perception of
color is not necessary for the lighting to be effective. Such a
recommendation is made in this Handbook with particular emphasis for
areas near astronomical observatories, but it can be extended to communities
independent of the existence of nearby astronomical facilities. LPS li ghting
has many advantages: for a given amount of light, energy consumption and
costs are low with LPS systems; when matched for maintained illumination
levels, overall operatin g costs of LPS systems are lower or comparable to
systems using HPS and other lamp types; LPS light generally has low
and provides excellent visibility, es pecially to the aging e e and under poor
| ditions Tike Tog; the yellow color produced by LPS Is highi
levels used in outdoor Tighting, but it s less efficlent a

because of the lower luminance of sky (see
1ghting and ¢ ) and the decreased atmospheric scatter suffered by
the yellow light; the yellow color of LPS light also interferes less with many
living organisms, such as tustles and insects (see [DA [S#29: Turtles and
Qutdoor Lighting in Florida and 09: Impact utdoor Lighting on
Moths ); and finally, thongh this characteristic cannot be appreciated by the
naked eye, LPS lighting pollutes only a limited portion of the visible

spectrum, allowing other portions of the spectrum to remain relatively
uncontaminated for astronomical researc

| Alarge portion of outdoor lighting is actually Class 2 lighting, which has as
S ' itssole purpose the general illumination of an area to provide visibility for

ed to very low light levels (see Lighti the
r to be an issue at lighting levels used in roadway and parking lot installations.w_ -

ng lot lighting is specifically provided to allow automobile drivers to see pedestrians and other hazards and to

de pedestrians visibility to navigate and avoid any hazards once they exit their automobiles and the ability to find
autos when they return. Under pure LPS lighting, there is almost no color discrimination, occasionally making for
ed searching for a car of a particular color. In practice the hindrance is small, because we use other information to
fy our cars such as make and model and whatever we left on the seat. The

energy advantage of LPS in parking lot
1g is substantial, in general even larger than in roadway lighting, amounting to as much as a 50% reduction when
ared to metal halide systems.

cognized however that LPS continues to suffer a poor image within the lighting industry in many areas. Many

1ers will not willingly consider its use. This lack of Support stems principally from the poor color rendition and
pression among some that LPS light provides for inferior visibility compared to broad-spectrum sources such as
nd metal halide. There has also been considerable misinformation circulated concerning LPS lighting, and the

e done to its image has been substantial. More research is needed in some aspects of LPS lighting, such as lamp
es, optimal operating conditions, and system operating costs. But the advantages of LPS

iented to justify the more widespread use of LPS lighting, particularly in these days of increasing energy
nption, increasing energy costs, and concerns for carbon dioxide production and global warming.

» the USA Pattern Lighting Code encourages
ons where color rendition is not needed (Class 2 lighting) and in areas
observations are not an issue (though in general the USA Pattern Code is NOT a lighting code for

nizing this practical difficulty regarding the specification of LPS
e, but does not require it, in applicati
astronomical



y particular community - it must be modified and tajlored to suit each community's concerns and goals as described
1o Use th book a Pattern Lightin

e .) Where astronomical facilities may be affected, I.PS
hting for Class 2 applications is required in the USA Pattern Lioht

Lighting Code. Though this requirement is expressed
~ ~nly for Lighting Zone E1A, the generalization of this sta

ndard to the other Lighting Zones should be seriously
lered by any community seeking to minimize energy use for outdoor lighting and benefit from the other
rantages of LPS described here.

eon"

on" or "luminous tube" lighting is a term applied to a variety of small-diameter glass-tube sources, generally used
decorative purposes and signage. Light is produced by the passage of electrical current throu gh the gas fill,

ducing light with a color or spectrum characteristic of the fill gas or gases and any phosphor coating within the

ing. Luminous outputs are not typically defined per lamp , but rather per Joot or per meter , and depend
cipally on the fill gases and diameter/current rating, but also to some extent on the manufacturer and quality. Since
inous tube lighting is used for applications taking advantage of the color variety and shape flexibility inherent in the
mology and not for area lighting, it is not meaningful to compare its advantages and di sadvantages to the lighting
rces above. But such lighting can account for large t

otal outputs in some cases, particularly when used for
litectural outlining, and it should not be overlooked in lighting codes.

nmary of Lamp Types

 table summarizes the most sal
oor lighting, exclusive of sp
1e details of the application.

ient general differences in the lamp types for the most ¢

orts lighting. The values given are approximate, and relative comparisons will depend

LAMP TYPE COMPARISON - SUMMARY

ommon sizes encountered in

Lamp Type -
| Metal High-Pressure Low-PressuréA

Factor Incandescent | Fluorescent Halide Sodium Sodium
ttage 25-150 18-95 50-400 50-400 18-180
put (lumens) | = 2102700 | 10007500 | 190030000 | 360046000 | 1800-33000
ciency . g e _ _
nens/watt) 8-18 55-79 38-75 72-115 100-183
nen
ntenance 90 (85) 85 (80) 75 (65) 90 (70) 100 (100)
;I:S’)“*fe 7502000 | 10000-20000 | 10000-20000 |  18000-24000 16000
gy Use high medium medium low lowest
r Rendition good good good moderate none*

» Wattage - Lamp wattag

 Efficiency - mean luminous
include ballast losses)

es most commonly used in general outdoor li ghting (not including sports lighting)
» Output - approximate mean luminous outputs of lamps most commonl

y used in outdoor lighting
efficiency for above lamp output range, ta

ken at 50% of mean lifetime (does not



@ Lumen Maintenance -
(in parentheses)
® Lamp Life - approximate mean lifetime of indicated lamps
@ Energy Cost - relative energy costs
» Color Rendition - relative ability of average observer to accuratel
indicated lamps only (* under pure LPS light, some discriminati
they will appear as shades of brown. See also Note /4
ergy savi .

percent of initial lamp output at 50% of mean lamp lifetime and at end of mean lifetime

y perceive colors under li ghting from
on of reds and oranges is possible, though
LPS/other lamp type mix for color rendition with

hting and the Eye

n evaluating the characteristics of lighting and lighting systems, it is easy to become lost in technical measures of
ens, lux, uniformities, mounting heights, candelas and watts. But the goal with lighting is to see (or to be seen),
we see with our eyes. All lighting must be gauged ultimately in terms of the visibility it produces in interaction with

wman system of visual perception. An understanding of the characteristic of this complex system has been slow to
lop, and is still deficient in many ways.

rst importance when considering vision under most outdoor lightin

onse to low light levels and large contrasts, Dayli
0 fc). Further, everything is brightly illuminated; the sky overhead is bright
 lux. Indoor lighting is at much lower illumination levels (typically from 100-500 lux or 10-50 fc), but again
asts are quite moderate since most areas that we frequent are fully illuminated.

utdoors, at night, we operate in a much different lightin
r (typically a few tens of lux to almost zero), but only limited areas are illuminated, leaving huge contrasts between
>d and unlighted areas. Further, the sky overhead is much darker i

inated areas and the light sources themselves to appear very bright in contrast with the generally dark
onment.

5pect of human vision under low light levels has received much interest in recent years among lighting
ssionals. Everyone knows that you can see better at low lighting levels after your eyes become accustomed to the
who hasn't stumbled to a seat in a movie theater after arriving a bit late, only to navigate the same aisles with ease
-popcorn later on after your eyes adjust?

widely known is the fact that the eye's spectral sensitivity also shifts as dark adaptation progresses. Under

sht conditions the eye is sensitive to the spectral range from deep red (at about 700 nanometers (nm) or longer) to
(at about 350 or 400 nm). The -greatest sensttivity is in the middle of this range, at about 555 nm or

v-green. But when the eye becomes fully dark-adapted the peak sensitivity shifts blueward to about 507

neters, in the blue-green portion of the spectrum. This effect, called the "Purkinje" shift, occurs because we use

ent retinal cells (using different photo-sensitive chemicals) to see under bri ght and dim lighting,

hift in spectral sensitivity means that the relative efficiencies of different 1i ghting sources (with different colors or

al distributions) will also shift. To illustrate, consider low-pressure sodium lighting, with a nearly -

o)

sensitivity shifts have been measured under laboratory conditions,
stimuli presented under carefully controlled but artificial condition

human visual system in real-life situations such as driving an automobile at ni ght is much less understood. The
dapted response of the eye, most sensitive to the yellow-green po

rtion of the spectrum, is determined by cells in
na called "cone" cells, after their shape. Cone cells pave the central portion of the retina - the "fovea” - the
1 used when a person "looks at" something. The dark-ad

apted response, more sensitive to green or blue-green,
from the other principle cell type, called "rods." Though the rods are more sensitive when light levels are very
ving rise to the relative increase in efficiency of the bluer light sources such as metal halide, rods lie primarily in

ipheral portions of the retina, coverine what is called "peripheral vision." There are no rods at all in the fovea.
p p g pernip

with observers evaluating the visibility of
s. The effect of this shift on the performance



ot regularly to discuss the lighting issues facing the community, to explore ways to improve community lighting, the

ctiveness of the lighting codes, and of the efforts of the planning staffs to implement them. The members should be
rested in and informed about the issues of quality lighting, '

, _koups can help maintain the visibility of lighting issues in the community and serve as a resource to the
imunity when questions arise about lighting. They can recognize good lighting installations in the community

e builders; write letters to the newspaper editor and guest editorials describing the issues; give talks on the issues to
public and to retailers and electrical contractors; provide training for community development staff and inspectors;
g violations to the attention of enforcement staff. No one wants bad lighting; the advisory group can help maintain

reness in the community about what constifutes good lighting.

the Example of an Qutdoor Lighting Advisory Committee Proposal .

A Pattern Lighting Code

USA Pattern Lighting Code below is intended only as a guide to writing a code suitable for your community,
s and priorities will be to some extent different for every community, and the Pattern must be adapted to reflect
own community's concerns and desires. See How o Use the Handbook and USA Pattern Lighting Code .

3.1 New Uses, Buildings and Major Additions or Modifications
3.2 Minor Additions
3.3 Resumption of Use After Abandonment
3.4 Public Roadways
»ection 4: Shielding and Total Qutdoor I io) utput Standa
-~ 041 Shielding Standards ~ =~
© 4.2 Total Outdoor Light Output Standards
© 4.3 Effective Shielding Standard
© 4.4 Light Trespass Standard
© 4.5 Multi-Class Lighting Standard

i s
© 5.1 Externally Itluminated Sign Standards

© 5.2 Internally Iluminated Si gn and Neon Sign Standards
. © 53 Culffews

S
© 6.1 Recreational Facilities
0 6.2 Outdoor Display Lots
© 6.3 Service Station Canopies
O 64 Other Lighting on Parcels with Special Uses
ion 7; Submission of Plans and E I Complia;
7.1 Submission Contents

o
O 7.2 Additional Submission

© 7.3 Subdivision Plats

© 7.4 Lamp or Fixture Substitution
© 7.5 Plan Approval

© 7.6 Certification of Installation



® | n.8: App laterials and Me
© 8.1 Approval of Alternatives
® Section 9; ibiti
© 9.1 Sale of Non-Conforming Fixtures and Lamps
’ © 9.2 Laser Source Light
O 9.3 Searchlights
© 9.4 Outdoor Advertising Off-Site Signs
® Secti : i

© 10.1 Request; Renewal; Information Required
© 10.2 Approval; Duration
© 103 Disapproval; Appeal

® Secti : r Exempti

© 11.1 Nonconformance

© 11.2 State and Federal Facilities

© 11.3 Emergency Lighting

© 11.4 Swimming Pool and Fountain Li ghting
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tion 1. Purpose and Intent.

he intent of this Code to define practical and effective measures by which the obtrusive aspects of excessive and/or
ess outdoor light usage can be minimized, while preserving safety, security, and the nighttime use and enjoyment

a

operty. These measures will curtail the degradation of the nj ghttime visual environment by encouraging lighting
les that direct appropriate amounts of light where and when it is needed, increasing the use of energy-efficient
es, and decreasing the wastage of light and glare resulting from overlighting and poorly shielded or

ropriately directed lighting fixtures.

tion 2. Conformance with Applicable Codes.

utdoor illuminating devices shall be installed in conformance with the provisions of this Code, the Building Code,

lectrical Code, and the Si gn Code of the jurisdiction-as applicable and under appropriate permit and inspection.

ion 3. Applicability.

ew Uses, Buildings and Major Additions or Modifications. For all proposed new land uses, developments,

ngs, and structures that require a permit, all outdoor lighting fixtures shall meet the requirements of this Code. All
ng additions or modifications of twenty-five (25) percent or more in terms of additional dwelling units, gross
rea, or parking spaces, either with a single addition or with cumulative additions subsequent to the effective date
 provision, shall invoke the requirements of this Code for the entire property, including previously installed and
W outdoor lighting. Cumulative modification or replacement of outdoor lighting constituting twenty-five (25)

it or more of the permitted Iumens for the parcel, no matter the actual amount of lighting already ona

onforming site, shall constitute a major addition for purposes of this section.

sumption of Use after Abandonment. If a property or use with non-conforming lighting is abandoned as defined

1on 16.41, then all outdoor lighting shall be reviewed and brought into compliance with this Code before the use



esumed. , |

‘Publi_c; Roadways. Lighting for public roadways is exempt from the provisions of this Code.

__J): Roadway lighting st

ction 4. Shielding and Total Qutdoor Light Output tandards.

Shielding Standards. All nonexempt outdoor lighting fixtures shall have shielding as shown in Table 4.1.

: Codes:
A = all types of fixtures allowed; shielding not required but highly recommended, except that any spot or
flood-light must be aimed no higher than 45 degrees above straight down

F = only fully shielded fixtures allowed
X = not allowed

Table 4.1 LAMP TYPE AND SHIELDING STANDARDS

LIGHTING ZONE

USE CLASS AND LAMP TYPE E4 | E3 | E2 | E1 |E1A

Class 1 lighting (Color Rendition):

Initial output greater than or equal to 2000 lumens | F F F F F

Initial output below 2000 lumens (2) AD A AW | F | F

Class 2 lighting (General INumination):

Initial output greater than or equal to 2000 lumens | F F F F F

Initial output below 2000 lumens (2) ‘ A(l}r |AD [AL) | F | F

Class 3 lighting (Decorative)(3):

Initial output greater than or equal to 2000 lumens | F F X | X X

Initial output below 2000 lumens 2) A | A(D

Residential lighting (all Classes)(4):

Initial output greater than or equal to 2000 lumens | F F F | F F

Initial output below 2000 lumens 2) A [ A(D [ AGB) | AB) F

to Table 4.1

. Flood or spot lamps must be aimed no higher than 45 degrees above straj ght down (half-way between straj ght

, down and straight to the side) when the source is visible from any off-site residential property or public
roadway.

. Exception: seasonal decorations using typical unshielded low-wattage incandescent lamps shall be permitted in



all lighting zones from Thanksgiving thru 15 January.
3. All Class 3 lighting shall be extinguished between 11:00pm (or when the business closes, whichever is later)
: and sunrise. ,

’)l. Residential refers to all residential land-use zoning, including all densities and types of housing such as
single-family detached and duplexes. Multiple-family residential uses must use standards above for Class 1,2
and 3 lighting.

5. Any lamp installed on a residential property must be shielded such that the lamp itself is not directly visible
from any other residential property.

te 2: Origin of 45 degree limitation for spotlights and floodlights
i i Q jeldi Lt
e 4. { a ith nd [

e 5. Alternative section 4.1 with LPS reguirement
e 6: Shiel rchii

Total Outdoor Light Output Standards. Total outdoor light output (see definition 16.30) shall not exceed the limits
able 4.2. Seasonal decorations, permitted between Thanksgiving and 15 January, are not counted toward these

ts; lighting used for external illumination of signs is counted, while Ii ghting used for internal illumination of signs
ot counted. (The values in this table are upper limits and not desi gn goals; design goals should be the lowest levels
‘meet the requirements of the task.)

Table 4.2 MAXIMUM TOTAL OUTDOOR LIGHT QUTPUT STANDARDS
LUMEN CAPS - INITIAL LAMP LUMENS PER NET ACRE

LIGHTING ZONE
E4 E3 E2 El1 | El1A
Commercial and Industrial zoning (1)

, tQt,cill,(,fullyi,,shialded,+,unshie1ded) o 200000 | 100000 | 50000 | 25000 | 12500 1
unshielded only ~ B 10000 10000 4000 | 2000 1000
Residential zoning (2,3) | |
total (fully Shiéld.ed + ﬁnshielded) 1 20000 | 10000 | 10000 | 10000 | 5000
unshielded émy | 5000 { 5000 | 1000 1000 | 0.

sto Table 4.2

1. This refers to all land-use zoning classifications for multiple family, commercial and industrial uses.
2. This refers to all residential land-use zoning classifications, includin g all densities and types of housing such
as single-family detached and duplexes.
3. In Lighting Zones E4-E1, each residential single-family detached home or duplex is allowed up to 5,500 total
lumens (2,300 lumens in Zone E1A), or the amount indicated in this Table based on the parcel's acreage,
. whichever is larger. Each is also allowed a maximum of 5,500 lumens (zero lumens in Lighting Zone E1A) of
- unshielded ("A") lighting, provided Table 4.1 allows the lamp's type with "A" shielding. All residential spot
or flood lamps permitted are to be aimed no higher than 45 degrees above straight down (half-way between



straight down and straight to the side).

e 2: Origin of 45 degree limitation for spotlights and floodlights

/\ iscussio lum r het acre caps.
e 8: Origin of 5500 lu shielded

¢ 9: Alternative section 4.2 with LPS requirement

Effective Shielding Standard. All light fixtures that are required to be shielded shall be installed and maintained in
1 a manner that the shielding is effective as described in the definition in Section 16.13 for fully shielded fixtures.

[ight Trespass Standard. Beyond the shielding requirements of Section 4.1, all light fixtures shall be located,
ed or shielded so as to minimize stray light trespassing across property boundaries. Particularly, any lamp installed

 residential property and visible from any other residential property must be shielded such that it is not directly
ble from that property.

Multi-Class Lighting Standard. Multi-Class lighting must conform to the shielding and timing restrictions, if any,
apply to the most restrictive included Class.

ix B: le licatio tion 4

tion 5. Qutdoor Advertising Signs.

“xternally llluminated Sign Standards. External illumination for signs shall conform to all provisions of this Code.
rticular, such lighting shall be treated as Class 1 lighting and shall conform to the lamp source, shielding
ictions and lumen caps of Section 4. All upward-directed sign lighting is prohibited.

lors

e L1 Qff-site sign illuminati
nternally Illuminated Sign and Neon Sign Standards.

A. Outdoor internally-illuminated advertising signs must either be constructed with-an- opaque background and
translucent text and symbols, or with a colored (not white, off-white, light gray, cream or yellow) background
and generally LIGHTER text and symbols. Lamps used for internal illumination of such signs shall not be
counted toward the lumen caps in Section 4.2.

B. Neon signs shall be treated as internally illuminated signs for the purposes of this Code, and shall not have
their luminous outputs counted toward the lumen caps in Section 4.2. Neon li ghting extending beyond the area
considered to be the sign area (as defined in the Sign Code of this jurisdiction) shall conform to ail provisions
of this Code. In particular, such lighting shall be treated as Class 3 (decorative) lighting and shall conform to
the lumen caps of Section 4.

C. Other internally-illuminated panels or decorations not considered to be signage according to the sign code of
this jurisdiction (such as illuminated canopy margins or building faces), shall be considered decorative (Class
3) lighting, and shall be subject to the standards applicable for such lighting, including but not limited to the
lamp source, shielding standards and lumens per acre caps of Section 4. '

ion j a ] [lution i

urfews. Illumination for all advertising signs, both externally and internally illuminated, shall be turned off at the
w times listed in Table 5.3 or when the business closes, whichever is later. Si gns subject to curfews are required
ve functioning and properly adjusted automatic shut-off timers. Li ght background (white, off-white, light gray,

or yellow) internally illuminated signs, installed legally before enactment of this code [enter date], may coniinue
used and illuminated but must conform to the curfews as indicated.



Table 5.3 ILLUMINATED SIGN CURFEWS

LIGHTING ZONE

Sign Type and Land Use Zone(1) | E4 ! E3 i[ E2 [ El ] E1A

Commercial and Industrial zoning

Opaque Background | 12am | 12am | 11pm | 11pm | NA
Colored Background | 12am | 12am | 11pm | NA | NA
Light Background 1 10pm | 10pm | %m | NA | NA

All residential zoning

Opaque Background lpm | 11pm | 10pm | 9pm | N/A

Colored Background T1pm | 11pm v 10pm | 9pm | N/A

Light Background | 8pm | 8pm | Spm 8pm | N/A
> to Table 5.3

1. Land Use Zoning refers to the predominant use of land within 300 meters (or 1000 feet) of the parcel on which
- the sign is located.
- N/A means that such signs are not permitted.

tion 6: Special Uses.
ecreational Facilities.

A. Lighting for outdoor athletic fields, courts or tracks in Li ghting Zones E1, E2, E3, and F4, shall be
considered Class 1 (Color Rendition), and shall be exempt from the lumens per acre limits of Section 4.2. In
Lighting Zone E1A athletic field lighting is not allowed.
B. Shielding;: In Lighting Zones EI, E2, E3 and E4, fully shielded lighting is required for fields designed for
Class T or IV levels of play (typically amateur or municipal league, elementary to high school, training,
recreational or social levels; cf. IESNA Lighting Handbook and IESNA RP-6 Sports and Recreational Area
Lighting). Facilities designed for Class I and II levels of play (typically college, semi-professional,
professional or national levels) shall utilize luminaires with minimal uplight consistent with the illumination
constraints of the design. Where fully shielded fixtures are not utilized, acceptable luminaires shall include
those which:

1. Are provided with internal and/or external glare control louvers and installed so as to minimize

uplight and offisite light trespass, and;

2. Are installed and maintained with aiming angles that permit no greater than five percent (5%) of the

light emitted by each fixture to project above the horizontal.
C. Illuminance: All lighting installations shall be designed to achieve no greater than the minimal illuminance
levels for the activity as recommended by the lluminating Engineering Society of North America (IESNA).
D. Off-site spill: The installation shall also limit off-site spill (off the parcel containing the sports facility) to the
maximum extent possible consistent with the illumination constraints of the desi gn. For Class 1l and 1V
levels, a design goal of 5 lux (0.5 fc) at any location on any non-residential property, and 1 lux (0.1 fc) at any

' location on any residential property, as measurable from any orientation of the measuring device, shall be

sought. For Class I and Il levels, a design goal of 7.5 lux (0.75 fc) at any location on any non-residential
property, and 1.5 fux (0.15 fc) at any location on any residential property, as measurable from any orientation




of the measuring device, shall be sought. :
E. Certification: Every such lighting system design and installation shall be certified by a registered engineer as
conforming to all applicable restrictions of this Code.
F. Curfew: All events shall be scheduled so as to complete all activity before the curfew listed in Table 6.1.
! Hlumination of the playing field, court or track shall be permitted after the curfew only to conclude a scheduled
~ event that was unable to conclude before the curfew due to unusual circumstances. Athletic field lighting in
excess of lumens per acre limits of Section 4.1 is not permitted in Lighting Zone E1A.

Table 6.1 SPORTS FACILITY AND
DISPLAY LOT LIGHTING
CURFEWS

LIGHTING ZONE

E4 | E3 | E2 | E1 |E1A

12am | 11pm | 11pm | 10pm | N/A

Outdoor Display Lots.

A. Lighting for display lots shall be considered Class 1 (Color Rendition), and shall be exempt from the
lumens per acre limits of Section 4.2.

B. Shielding: All display lot lighting shall utilize fully shielded luminaires that are installed in a fashion that
maintains the fully shielded characteristics.

C. Illuminance: The display lot shall be designed to achieve no greater than the minimal illuminance levels for
the activity as recommended by the [lluminating En gineering Society of North America (IESNA).

D. Off-site spill: The display lot shall limit off-site spill (off the parcel containing the display lot) to a maximum
of 5lux (0.5 fc) at any location on any non-residential property, and 0.5 lux (0.05 fc) at any location on any
residential property, as measurable from any orientation of the measuring device. o

E. Certification: Every display lot lighting system design and installation shall be certified by a registered
engineer as conforming to all applicable restrictions of this Code.

F. Curfew: Display lot lighting exceeding the tumens per acre cap of Section 4.2 shall be turned off at the
curfew listed in Section 6.1 or within thirty minutes after closing of the business, whichever is later. Lighting
in the display lot after this time shall be considered Class 2 lighting, and shall conform to all restrictions of this
Code-applicable for this Class, including the lumens per acre caps in Section4.2. s

13- Lum ] r di lot.
ervice Station Canopies.

A. Lighting for service station canopies shall be considered Class 2 lighting (General Illumination).

B. Shielding: All luminaires mounted on or recessed into the lower surface of service station canopies shall be
fully shielded and utilize flat lenses.

C. Total Under-Canopy Output: The total light output used for illuminating service station canopies, defined as
the sum of all under-canopy initial bare-lamp outputs in lumens, shall not exceed 430 lumens per square meter
(forty lumens per square foot) of canopy in Lighting Zones E3 and EA, and shall not exceed 215 lumens per
square meter (twenty lumens per square foot) in Lighting Zones E1A, E1 and E2. All lighting mounted under
the canopy, including but not limited to fuminaires mounted on the lower surface or recessed into the lower
surface of the canopy and any lighting within signage or illuminated panels over the pumps, is to be included
toward the total at full initial lumen output.

C. The lumen output of lamps mounted on or within the lower surface of a canopy is included toward the
lumen caps in Section 4.2 according to the method defined in Section 16.30. Other lighting located under a
canopy but not mounted on or within ihe lower surface is included toward the lumen caps in Section 4.2 at full
initial output.



te 14: LPS/other lamp tvpe mix for color rendition with LPS energy savings

{ : Further information on can liohtin

’u&ler Lighting on Parcels with Special Uses. All lighting not directly associated with the special use areas above
Il conform to the lighting standards described in this Code, including but not limited to the lamp type and shielding
uirements of Section 4.1 and the lumens per acre limits of Section 4.2. The net acreage for the determination of
ipliance with Section 4.2 shall not include the area of the athletic field or outdoor display lot, as defined in Section
26; the area of any service station canopy shall be included in the net acreage.

ction 7. Submissi f Plans and Evidence of iance wit e, Subdivisio
1ts.

Submission Contents., The applicant for any permit required by any provision of the laws of this Jurisdiction in
nection with proposed work involving outdoor lighting fixtures shall submit (as part of the application for permit)
lence that the proposed work will comply with this Code. Even should no other such permit be required, the
allation or modification (except for routine servicing and same-type lamp replacement) of any exterior lighting shall
lire submission of the information described below. The submission shall contain but shall not necessarily be

ted to the following, all or part of which may be part or in addition to the information required elsewhere in the

s of this jurisdiction upon application for the required permit:

A. plans indicating the location on the premises of all lighting fixtures, both proposed and any already existing
on the site; ,

B. description of all lighting fixtures, both proposed and existing. The description may include, but is not
limited to, catalog cuts and illustrations by manufacturers (including sections where required); lamp types,
wattages and initial lumen outputs; '

C. photometric data, such as that furnished by manufacturers, or similar showing the angle of cut off of light
emissions.

nciditional Submission. The above required plans, descriptions and data shall be sufficiently complete to enable the
gnated official to readily determine whether compliance with the requirements of this Code will be secured. If such
s, descriptions and data cannot enable this ready determination, the applicant shall additionally submit as evidence
ompliance to enable such determination such certified reports of tests as will do so provided that these tests shall

> been performed and certified by a recognized testing laboratory.

subdivision Plats. If any subdivision proposes to have installed street or other common or public area outdoor
ing, submission of the information as described in Section 7.1 shall be required for all such lighting.

~amp or Fixture Substitution. Should any outdoor light fixture or the type of light source therein be changed after
ermit has been issued, a change request must be submitted to the designated official for approval, together with
uate information to assure compliance with this Code, which must be received prior to substitution.

lan Approval. If the designated official determines that the proposed li ghting does not comply with this Code, the
it shall not be issued or the plan approved. ,

_ertification of Installation. For all projects where the total initial output of the proposed lighting equals or exceeds
000 lamp lumens, certification that the lighting, as installed, conforms to the approved plans shall be provided by a

fied engineer before the certificate of occupancy is issued. Until this certification is submitted, approval for use of a
ficate of Occupancy shall not be issued for the project.

tion 8. Approved Materials and Methods of Construction or
gproval of Alternatives. The provisions of this Code are not intended to prevent the use of any design, material,
v

hod of installation or operation not specifically prescribed by this Code, provided any such alternate has been
ved by the designated official. The designated official may approve any such proposed altemate providing he/she



ds that it;

A. provides at least approximate equivalence to that applicable specific requirements of this Code
, B.1s otherwise satisfactory and complies with the intent of this Code.

ction 9. Prohibitions.

Sale of Non-Conforming Fixtures and Lan/qps. The installation, sale, offering for sale, lease or purchase of any

door lighting fixture or lamp the use of which is not allowed by this Code is prohibited.

Laser Source Lighf. The use of laser source light or any similar high intensity light for outdoor advertising or
ertainment, when projected above the horizontal, is prohibited.

Searchlights. The operation of searchlights for advertising purposes is prohibited.

Outdoor Advertising Off-Site Signs. Illumination of outdoor advertising off-site signs is prohibited in Lighting
es E2, El and E1A.

ction 10. Temporary Exemption.

I Request; Renewal; Information Required. Any person may submit, on a form prepared by the jurisdiction, to the
ignated official, a temporary exemption request. The request shall contain the following information:

A. specific Code exemption(s) requested;
C. duration of requested exemption(s);
E. proposed location on premises of the proposed light fixture(s);
B. purpose of proposed lighting;
D. information for each luminaire and lamp combination as required in section 7.1;
; F. previous temporary exemptions, if any, and addresses of premises thereunder;
. G. such other data and information as may be required by the designated official.

. Approval; Duration. The designated official shall have five (5) business days from the date of submission of the
lest for temporary exemption to act, in writing, on the request. If approved, the exemption shall be valid for not

¢ than thirty (30) days from the date of issuance of the approval. The approval shall be renewable upon further
ten request, at the discretion of the designated official, for a maximum of one (1) additional thirty (30) day period.
designated official is not authorized to grant more than one (1) temporary permit and one (1) renewal for a thirty
day period for the same property within one (1)-calendaryear, - - e = o

 Disapproval; Appeal. If the request for temporary exemption or its extension is disapproved, the person making
equest will have the appeal rights provided in Section 12,

tion 11. Other Exemptions.

Nonconformance

A. Bottom-mounted or unshielded outdoor advertising sign lighting shall not be used beginning five years
after enactment of this Code.

B. All other outdoor light fixtures lawfully installed prior to and operable on the effective date of this Code are
exempt from all requirements of this Code. There shall be no chan ge in use or lamp type, or any replacement
(except for same-type and same-output lamp replacement) or structural alteration made, without conforming to
all applicable requirements of this Code. Further, if the property is abandoned, or if there is a change in use of
the property, the provisions of this Code will apply when the abandonment ceases or the new use commences.

ante and Federal Facilities. Compliance with the intent of this Code at all State and Federal facilities is
raged.

Emergency Lighting. Emergency lighting, used by police, firefighting, or medical personnel, or at their direction,



xempt from all requirements of this code for as long as the emergency exists. .

4 Swimming Pool and Fountain Lighting. Underwater lighting used for the illumination of swimming pools and
1ins is exempt from the lamp type and shielding standards of Section 4.1, though it must conform to all other
«sions of this code.

ction 12. Appeals.

y person substantially aggrieved by any decision of the designated official made in administration of the Code has
right and responsibilities of appeal to the Advisory/Appeals Board of this jurisdiction.

ction 13. Law Governing Conflicts.

ere any provision of federal, state, county, township or city statutes, codes, or laws conflicts with any provision of
 Code, the most restrictive shall govern unless otherwise regulated by law.

ction 14. Violation and Penalty.

hall be a civil infraction for any person to violate any of the provisions of this Code. Each and every day or night
ing which the violation continues shall constitute a separate offense. A fine shall be imposed of nof less than fifty
lars nor more than seven hundred dollars for any individual or not less than 100 nor more than ten thousand doliars

any corporation, association, or other legal entity for each offense. The imposition of a fine under this Code shall
be suspended.

ction 185. ability.

ny of the provisions of this Code or the application thereof is held invalid, such invalidity shall not affect other
visions or applications of this Code which can be given effect, and to this end, the provisions of this Code are
led to be severable.

ction 16. Definitions.

used in this Code, unless the context clearly indicates otherwise, certain words and phrases shall mean the
owing:

| Candela . Unit of luminous intensity; one lumen per steradian. [This definition is not used in the USA Pattern
le.]

 Class 1 Lighting. All outdoor lighting used for, but not limited to, outdoor sales or eating areas, assembly or

ir areas, advertising and other signs, recreational facilities and other similar applications where COLOR

NDITION IS IMPORTANT to preserve the effectiveness of the activity. Designation of lighting as Class 1 requires
ding by the Planning Director of the essential nature of color rendition for the application. Recognized Class 1 uses
outdoor eating and retail food or beverage service areas; outdoor maintenance areas; display lots; assembly areas

1 as concert or theater amphitheaters. -

 Class 2 Lighting. All outdoor lighting used for, but not limited to, illumination for walkways, roadways,
pment yards, parking lots and outdoor security where GENERAL ILLUMINATION for safety or security of the
inds is the primary concern.

- Class 3 Lighting. Any outdoor lighting used for DECORATIVE effects including, but not limited to, architectural
nination, flag and monument lighting, and illumination of trees, bushes, etc.

 Development Project. Any residential, commercial, industrial or mixed use subdivision plan or development plan
Iis submitted to the City for approval.
j

Direct Illumination. Tilumination resulting from light emitted directly from a lamp or luminaire, not light diffused



ugh translucent signs or reflected from other surfaces such as the ground or building faces.
7 Directly Visible. Allowing a direct line-of-sight to the light source or lamp.

8 Jisplay Lot or Area. Outdoor areas where active nighttime sales activity occurs AND where accurate color
ception of merchandise by customers is required. To qualify as a display lot, one of the following specific uses
st occur: automobile sales, boat sales, tractor sales, building supply sales, gardening or nursery sales, assembly
, swap meets. Uses not on this list must be approved as display lot uses by the Planning Director.

) Flood Lamp. A specific form of lamp designed to direct its output in a specific direction (a beam) with a reflector
ned from the glass envelope of the lamp itself, and with a diffusing glass envelope: Such lamps are so designated
he manufacturers and are typically used in residential outdoor area lighting.

10 Flood Light. A form of lighting fixture designed to direct the output of a contained lamp in a more-or-less

cific direction, utilizing reflecting or reflacting elements located external to the lamp. [This definition is not used in
USA Pattern Code.] .

1 Footcandle. One lumen per square foot. Unit of illuminance. It is the luminous flux per unit area in the Imperial
em. One footcandle equals approximately 0.1 (0.093) lux.

|2 Full Cutoff Light Fixture. A luminaire light distribution where no light is emitted above the horizontal, and

re the intensity at 80 degrees from nadir is no greater than 100 candela per 1000 lamp lumens. [This definition is
used in the USA Pattern Code.]

3 Fully Shielded Light Fixture, A lighting fixture constructed in such a manner that all light emitted by the fixture,
er directly from the lamp or a diffusing element, or indirectly by reflection or refraction from any part of the

inaire, is projected below the horizontal as determined by photometric test or certified by the manufacturer. Any
ctural part of the light fixture providing this shielding must be permanently affixed.

leldin cutoff t 7
e 17: How to r i Il je res
o 18+ Full jelded lights a imi dj b ingi

4 Glare. The sensation produced by a bright source within the visual field that is sufficiently brighter than the level
hich the eyes are adapted to cause annoyance, discomfort, or loss in visual performance and visibility: blinding

. The magnitude of glare depends on such factors as the size, position, brightness of the source, and o the

htness level to which the eyes are adapted. [This definition is not used in the USA Pattern Code.]

5 Illuminance. The amount of light falling onto a unit area of surface (luminous flux per unit area) - measured in
°ns per square meter (lux) or lumens per square foot (footcandles).

6 Installed. The attachment, or assembly fixed in place, whether or not connected to a power source, of any
oor light fixture.

7 Light pollution. Any adverse effect of manmade light. [This definition is not used in the USA Pattern Code.]
8 Light Trespass. Light falling where it is not wanted or needed, typically across property boundaries.

O Lighting Zones. The five lighting zones are defined on the Lighting Zone Map, by this reference made a part of
Code. A parcel located in more than one of the Lighting Zones described under Section 16.19.A-E shall be

idered to be only in the more restrictive Lighting Zone. Guidelines used to guide the delineation of the lighting
s are: ‘

1
16.19.A Lighting Zone E4. Areas of high ambient lighting levels. This Zone generally includes urban areas
with primary land uses for commercial, business and industrial activity, including highway commercial and



downtown districts.

16.19.B Lighting Zone E3. Areas of medium ambient lighting levels. This Zone generally includes suburban

residential areas, though neighborhood commercial or industrial parcels largely surrounded by suburban

residential uses will often be included.

, 16.19.C Lighting Zone E2. Areas of low ambient lighting levels. This Zone generally includes rural residential
and agricultural areas, but may also include small outlying neighborhood commercial and industrial areas
surrounded by rural residential areas.

16.19.D Lighting Zone El. Areas with intrinsically dark landscapes. This Zone includes all areas within fifty
(50) kilometers (31 miles) of astronomical observatories and within ten (10) kilometers (6 miles) of local or
national park boundaries, as well as the parks themselves. In these areas the preservation of a naturally-dark
environment, both in the sky and in the visible landscape, is considered of paramount concern. This Zone may
also include rural areas, including rural residential areas, that have identified preservation of natural darkness
as a high priority or other areas where the preservation of a naturally dark landscape is of utmost priority.
16.19.E Lighting Zone E1A. Areas within twenty (20) kilometers (12 miles) of astronomical observatories. In

these areas both the preservation of a naturally-dark sky and the emphasis on low-pressure sodium lighting is
considered of paramount concern.

0 Lumen. Unit of luminous flux; used to measure the amount of light emitted by lamps.

1 Luminaire. The complete lighting assembly (including the lamp, housing, reflectors, lenses and shields), less the
ort assembly (pole or mounting bracket); a light fixture. For purposes of determining total light output from a

naire or light fixture (see Table 4.1), lighting assemblies which include multiple unshielded or partially shielded

s on a single pole or standard shall be considered as a single unit.

2 Luminous tube. A glass tube filled with a gas or gas mixture (including neon, argon, mercury or other gasses),
Iy of small diameter (10-15 millimeter), caused to emit light by the passage of an electric current, and commonly
into various forms for use as decoration or signs. A "neon" tube. Does not include common fluorescent tubes.

3 Lux. One lumen per square meter. Unit of illuminance. It is the luminous flux per unit area in the metric system.
lux equals approximately 10 (10.8) footcandles.

4 Multi-Class Lighting. Any outdoor lighting used for more than one purpose, such as security and decoration,
that its use falls under the definition of two or more Classes as defined for Class 1, 2 and 3 Lighting.

5 Neon tube. See Luminous Tube. - S
5 Net Acreage. The remaining area after deleting all portions for proposed and existing streets within a
lopment parcel or subdivision. For parcels including those special uses listed in Section 6 that are exempted from

imens per acre caps of Section 4.2 (recreational facilities and outdoor display lots), the area devoted to the special
hall also be excluded from the net acreage.

20: Sub-parcel developments

/ Obtrusive Light. Same as Light Pollution. [This definition is not used in the USA Pattern Code.]

s Opaque. Opaque means that a material does not transmit light from an internal illumination source. Applied to
backgrounds, means that the area surrounding any letters or symbols on the sign either is not lighted from within,
ows no light from an internal source to shine though it.

) Outdoor light fixture. An outdoor illuminating device, outdoor lighting or reflective surface, luminous tube,
or similar device, permanently installed or portable, used for illumination, decoration, or advertisement. Such
es shall include, but are not limited to lights used for:
)
A. parking lot lighting;
B. roadway lighting;



enever you read, whether a book or a roadway sign, you do it almost exclusively with the fovea and therefore with
e cells. When you look at other cars in the roadway, or pedestrians at the side, or for hazards in the roadway, you
it, at least principally, by looking directly at them and therefore by using the cones in your fovea.

]
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certainty in the degree that peripheral and central vision are important to the various tasks required under outdoor
ting leads to uncertainty in the degree of importance that should be ascribed to the efficiencies of lighting sources at
lighting levels and to peripheral vision. '

> best current research, however, shows that under typical outdoor lighting levels, the visual system's performance,
cast under laboratory conditions, is best characterized as lying closer to the light-adapted response than to the
k-adapted response (see graph above, as well as Y7) f) in j vel Vision , and
rences therein). Amateur astronomers will not be surprised at this, since they know that the eye is nowhere near
k-adapted after driving a car or walking around in an illuminated area such as a parking lot. More research needs to
lone, but at present the indications are that yellow light sources such as LPS and HPS maintain most of their
ciency advantage over bluer sources such as metal halide and mercury vapor under conditions commonly

ountered under typical outdoor artificial illumination.

er important aspects of vision, increasingly being recognized by lighting researchers, are the changes that occur as
Je. As the eye ages, the ability of the iris to open widely diminishes, the transparency and color of the lens and
! transparent media within the eyeball change, and the speed with which we adapt to different li ghtlevels
reases. These changes mean generally that we require somewhat brighter lighting to see as well as younger persons
become somewhat less sensitive to blue light, less able to adapt quickly to changes in li ght levels, and finally that
become particularly sensitive to glare, especially from bluer light sources. (See : 3 -

ie Basic Information for further information.) Ageing eyes especially benefit from the best quality, low-glare
ting that we all need.

b

actical Issues and Problem Areas for Lighting Codes

rovement of lighting quality in many areas can be effectively achieved through lighting codes, but many areas of
ting codes, including the USA Pattern Lighting Code offered here, suffer from difficulty and impracticality of
rcement. A few of those areas are discussed here. Partial solutions are described, but in general there limited

tions within the framework of a lighting code for many of these problems. Education is the best avenue for dealing

1 many of these (see Ongoing Education in Qutdoor Lighting ).
iveled Luminaires (Floodlights)




ninaires with swiveled mounting hardware are easy to adjust
dvertently or intentionally, as they are installed or serviced. This
‘compromise shielding, and it may happen after the installation
yamined and approved as complying with the lighting code.
ser, such luminaires are not optically designed to be aimed
1ght down, as is necessary in most cases to obtain full shielding
hout added shields. Even add-on louvers or shields do not allow
luminaires to be aimed very high without the same problem.
ortunately, these luminaires are often used for glare-prone
ting in an attempt to "light over there with a light over here."” The
rtries to avoid the expense of installing a proper support or pole
re it is really needed, instead mounting the light on a building,
> or other structure located too far away from the area needing
ting to provide effective lighting.

avoid this bad lighting practice and difficult enforcement problem,
in be feasible to simply prohibit the use of such swivel-mounted
inaires. This approach is not suggested here in the USA Pattern
hting Code since it is then difficult to allow possible legitimate and
ect uses of such luminaires, though these are rarely seen. Even
1ibiting luminaires with obvious swivel mounts may not

pletely address the problem of poorly adjusted or mounted

lware, as many luminaires have adjustment capabilities that are

obvious in catalog photographs but could still lead to I ~ Floodhght w1thSw1Vc1ed Mountmg
promised shielding. e SRR - -

orts Lighting

“ing levels used for night sports are the highest commonly encountered in the ni ghttime environment.

-amended levels for social or recreational sports, including most municipal sports activities, range from 200 to
fux (20 to 50 footcandles); levels for professional play with large spectator attendance and television coverage can
h 3000 lux (300 footcandles). Controlling trespass and glare with such lighting levels is an extreme technical
lenge, requiring the utmost in quality luminaires and design.

her, the lighting fixtures commonly used for sportsLighting can be huge sources of direct glare, not only to areas
by and at considerable distances from the sports fields, but also to spectators and players actually using the fields.
brightest single sources of light visible in city nighttime landscape views are often these facilities. It is no_surprise

such lighting is usually the single greatest source of complaint and nei ghborhood tension about lighting issues.
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 feet tha ~ Fully Shiclded Sports Lighting (courtesy of Sofi® Lighting)
er
antially improved lighting quality on the field for the players.

rtunately, many facilities, particularly older ones, will continue to produce enormous amounts of light spill into
ent areas, and both direct and reflected light into the sky. With quality designs using modern fixtures, these

“ive effects can be considerably reduced, but the huge amounts of Ii ghting required in some situations will always
- some obtrusive impacts, even with the best design. Communities should be aware of the potential impacts. The
ion and alignment of new tields should be carefully considered. Technical specifications for sports lighting can be
ded in a lightiug code that require fully shielded lighting where at all possible, and professional design and




t-installation certification to assure that the standards are followed.

allpacks
) : _

smmon problem source is wallpacks, wall-mounted luminaires with optical elements (reflectors and/or refractors)
usually direct alarge portion of their light at angles near the horizontal. They are unfortunately commonly used in
ppropriate ways, often in attempts to minimize hardware expenses as described above under swiveled luminaires,
ing rise to much glare and poor lighting. The typical plain unshielded wallpack is easily recognizable and, if its
put is above the threshold for full shielding requirements, can be denied approval. Trouble may however arise if a
r offers to install an "add-on" shield which many manufacturers offer for their products.

“[Wallpack with Internal Shield (but 561l not
| Unshielded Wallpack | fully shielded). |

. add-on shields may be claimed to provide "shielding" or "cutoff," but rarely if ever provide true full shielding
rding to the definition of no uplight used in the Pattern Lighting Code (this is an example of the confusion

rding these terms: see Note 16: Shielding and cutoff terminolo gy ). The planning officials must be aware that
luminaires are almost never fully shielded, even after adding shields, and either deny approval or require complete
ometric information to verify the complete elimination of uplight. Since for such low-cost fixtures adequate
ometric information is often not available, or if available is often unreliable, the best approach is to deny approval
uch wallpacks except where they would be permitted as unshielded fixtures.



[ Shiclded Wall-mounted Luminaire

y shielded wall-mountable luminaires are available from many manufacturers, with typical "shoebox" or

shaped designs. These can provide good alternatives for many wallpack applications, though no luminaire will
Juately solve the problem of getting useful light at great distances from the luminaire - "I ght over there with a light
here." For quality lighting, all tuminaires must be placed reasonably near to where the light is needed.

.dential Lighting



e effectiveness and
orcement of residential
ting restrictions is always
"'ematic. First, the majority,
. he vast majority, of
iting fixtures easily available
the homeowner market are
erently unshielded or
veled and rarely used
nted straight down. Second,
details of residential lighting
often not reviewed by
|ding departments, and even
ey are the often large
nbers of homes being built
the many details involved in
yections will mean that the
Iding details of fixtures are
n overlooked. Review and
roval of lighting plans is
cally done (as recommended
1e USA Pattern Code) before
ding permits are issued and
struction is started, but
dential lighting fixtures are
n chosen or changed at
1y the end of construction.
cven greater problem is that
lential lighting is commonly
ed or supplemented after
struction is completed
out any official review or
oval process.

low individual outputs of
 lights and the low overall : g ot
unts used per home or acre

n that the impactsare fower ™~~~ | | o |
me respects than for
mercial lighting - skyglow
xample - though the

cts may be greater in other
cts - light trespass in dark
ential or rural

ronments, for example. A R
1ice must be struck here i

een these impacts and the

_ Residential Luminaires

ical issues of enforcement.

igh a lighting code should have carefully considered standards for residential lighting, the most effective way to
>ss most residential lighting is by education (see } ucation in r Lighting )and through
?

>owners' associations where available (see also What Is an Qutdoor Li ghting Code? ).

ductive way to improve lighting used in residential areas, after suitable standards are written into the locai lighting
s to find which local retailers carry shielded products (and encourage more to do so), and to make this

.iation available to homeowners in your community. Locally owned businesses are particularly well able to

nd to this kind of approach. This information can be made available through the community planning department



1 distributed with building permits.

iser and Search Lights

@I;ing laser or searchlight beams, projected high into the sky and visible for many miles, are used to attract
>ntion to commercial activities or community events. The utility of such practices for attracting customers is
stionable, since persons located at a distance from the li ghting cannot generally tell where such li ght beams are
ginating. But the wide-reaching effects are not in question. Such practices can affect the appearance of the nighttime
ironment for thousands or even millions of persons, effectively turning the entire night sky into an advertising
dium. IDA discourages this use of the common nightscape, and the USA Pattern Code reflects this.

corative Lighting

orative lighting of building exteriors, fountains, landscaping, bridges, statuary and other man-made and

asionally natural features is common, especially in large cities on large landmark structures. Holiday decorations,
cally using low-output incandescent lamps, are widespread during the Christmas season. Decorative li ghting can

» include illumination of translucent building fagades or large panels with internal 1i ght sources, such as is

inonly seen on service station canopy edges. Many of the most common applications such as building floodlighting
be effectively accomplished using down-directed and fully shielded luminaires, but others are very difficult to light
his fashion and will inevitably lead to substantial proportions of light emanating into the sky. Internally illuminated
orations are inherently unshielded, and direct at least 50% of the emitted 1 ght directly into the sky.

1 limited degree, and when done well, decorative lighting can be attractive and effectively showcase distinctive

itecture or community features. The illumination of building exteriors is however more often used as an advertising

cle, effectively converting entire buildings into si gns that are not regulated by the local si gn codes. Common

tice for building floodlighting uses up-directed luminaires that project a large proportion of their light directly into

sky. This approach should be strongly discouraged, and the USA Pattern Code makes extensive lighting of this

- difficult by applying strict limits on the amount of unshielded lighting allowed. Luminaires mounted at the top of
Wl or roof to be illuminated and directed downward are effective and will minimize uplight.



! Up-Directed Flag Ii‘gl;ting - o | Dbiwn—.Divrect.éd Fiag Lighting

g Lighting

lighting is almost always up-directed, and driven by the traditional requirement that any flag flying at night must
uminated. Though it may be appropriate in some instances and in a limited way to light flags at night, it is clear
lags and flag lighting are also used for advertising. Though some shielded and down.directed. options are-available
ag lighting, IDA generally supports the old tradition of lowering flags at sunset.

forical-Style Lighting

ppearance of old fashioned, "period," or historical luminaire styles is considered attractive in many communities,
ially those trying to recapture the ambiance of the late 19th century in their downtown areas. Such lights are

ring even in relatively young communities that have had no historical use of such lighting. In the design of such
ical district improvement projects, if lighting design is left to architects with little training in lighting and luminaire
n, their training may tend to value the appearance of such fixtures in the daylight, and not their performance at

In these types of luminaires especially there can be a big difference in these two qualities, where the most

tive or authentic-looking fixtures often perform the most poorly at night.

uminaires are typically designed to hold a lamp within a glass (or plastic) enclosure, often with a globe-like glass
or four flat panes in a metal housing, and fully visible straight from the side - there is no shielding for light rays
ted near and even above the horizontal. Some of the globe styles have internal louvers desi gned to decrease glare,
ese louvers are often insufficient, especially if the surroundin g globe is designed to diffuse the light with a

“tic, milky or frosted material. Such unshielded luminaires can be effective and attractive if used purely for

{ive purposes, with very low output lamps simulating the low output gas flames originally held by such fixtures.
ghting results however when an attempt is made to achieve modern illumination levels with such luminaires. To
‘e even mininal illumination on the ground, the intensity projected at hi gh angles becomes very high, severely



npromising the effectiveness of the lighting due to the high glare.

"Antique” Fixture with Recessed Lamp

J

effective way to use such styles is to use the typical unshielded luminaires with extremely low output lamps (no
> than about 300 lumens each), and then to provide any required general illuminance on the ground by a completely

rate and fully shielded modern area lighting system located well above the antique luminaires on separate poles at
al mounting heights of 7-10 meters (25-35 feet).

available now from a number of manufacturers are nearly fully-shielded but otherwise antique-style luminaires
contain the light source recessed within the top of the luminaire (the prismatic lenses available as an option for -

> of these designs should be avoided). Though the lamp is fully recessed into the upper housing in these designs,
full shielding is not achieved since the glass or plastic windows, even if quite smooth, will refract and scatter some
upward, particularly as they age and get dirty. Further, since such luminaires are generally mounted on quite short
 (3-4.5 meters or 10-15 feet), and since the pole itself generally will cast a substantial shadow on the ground

1d the pole, achieving good quality lighting with acceptable uniformity and glare is difficult with such designs.

‘should use lamps with about 5000 lumens or less output, and not be used as a sole light source where lighting
ty is a priority.

going Education in Outdoor Lighting

1 can be accomplished through a process of general education in a community; many difficult enforcement

ems cannot be effectively addressed in any other way. Such an education process is vital to the drafting and
ion of an outdoor lighting code.

fter the code is in place, its continued success depends on maintaining the involvement of the community.
1standing of lighting issues built during the process of drafting and adopting a lighting code must be continually
“ed, and new issues will arise as technology changes and ki ghting styles change to accommodate changes in

s and technology. An effective way to address these concerns is through the formation of a local section of the

see [DA . Developi l ional tions ) or a lighting advisory group. This group can



Results

After researching how light poliution affects humans, |
discovered, last year researcher at the University of Pennsylvania
released a study that found, children younger than 2 who slept with a
night-light on were more likely to develop nearsightedness during
childhood and teenage years. Obviously a night-light or light pollution
from outdoors would do the same damage.

Exposure to bright light at night can disrupt the internal clocks.
It can upset cycles such as behavioral rhythms, daily changes in
blood and urine chemistry, and the production of melatonin, a
hormone which is involved in the wake/sleep cycle.

In short term, the disruption of sleep can produce grogginess,
depression and impaired thinking. It is better for your health to sleep
in a darkened room.

Light pollution not only affects humans it has a large affect on
many animals. Migrating birds rely on constellations to guide them
during their twice yearly migration. But scientist says that when they
fly near urban areas, the bright lights short-circuit their steering
sense. Numerous reports have documented birds flying off course,
toward lights on buildings, towers, lighthouses and even boats. Birds
are attracted to light. Often birds will die of exhaustion because they
keep flying around not knowing where they are going.

Other animals are threatened by light pollution too. At least five

""""""""" —sea-turtle species found in FloridarTe |y"‘O'ﬁ_'anﬁﬁSﬁﬁCtWé—éﬂWﬁ"tﬁw T

light to guide them to water. But lights on the beach or near the
beach can confuse the turtles and cause them to head in the wrong
direction. Scientists have seen them cross parking lots, streets and
yards, transfixed on streetlights. Disoriented turtles usually die from
exhaustion, dehydration or are eaten. Many are also squashed by
cars.

Nocturnal animals are confused by the lights as well. Often they
are not sure when it is night.



1epuem Aeyy
pue sbujjyoyey
93 asnyuod g
‘1oAamoy’syybi kS
ey

*191EM 3] 0}
sbuijyorey ayy
sepinb uoziioy
plemesas 123yb6j
ay3 ‘yoeaq
jeinjeu e up

8saYl YHUm adueljdwo) *sapo) uUoneAIaSUO)
CIERLN

B9S 92.40juUd pue
paidope aaey
sjuauwiuianoh
|eiseod jesoj jje
‘aAInIns sopads
pauajeaqyy

siy3 djay

03} 310440 ue ugp

J0 spuesnoyj ui pajjnsad ﬂw: suonejnbad

"S3YBI| pjal1ys 10 abueyd 03 110443 oy3 spew

oAey ajdoad Auew ‘buizybiy opuod o3 2Nnp uonejusLIosip auo pey aaey am ybnoyz usng
"S9Yoe3q DYz U0 BUIUIYS INOYNM }I] S1OD13S BY] daay j1m Ajpngadoy jey; saunixiy mau
Yum s3yblj3sauys 3no bujbueys piemoy saplis B1q bupjew sJe sal31> 934Yy3 oyl SI smMau

syuI
poob ayy 'sej3ing eas oye jeyy swajqold 3YB1j Buinotdwy p1emoy siom om 1ea4 yoeg

3seN / Buyysey
v ydopy
SAYVZVYH Y43H10 $9|91Y

JadedsmaN
2WOS N0 XoayD s|yb

s1ybi7 Jo anssT ay | mm
apenbpy
$Ino Y paping
BWOH

0




"uoseas bunsau spuny eas ay3 bulnp Yoeaq ay3 uo pamojje Jou aie sauly uad

‘ue
sbuijysjey psbisws A|mau ay3 moy pue buiisau Jaje eas ayj 03 uinial Asuy moy ‘s
S9[34N] B3S BJeWd) MOY * ** SBJ1IN} BSS JO JOIARYS] [RUINIDOU [BII31ID 3y) siajje yoes

"wdg J91e Spul|q J0 SUIRLIND B3SO 9SEd|| "yoeaq syj ajeuiwin)
S9N} @3S JuslIosIp ued by pajoayes USAZ ‘Yoeaq Iy ajeulwiniii Appdaaipul 10 A

4By} oiqIsiA @onpas 03 juenoduwi si Buipaiys os seduejsip 1es4b [aaeqy ued Jybi rw

o4} Wolj usss aq ued Jeyy sybiy| [e paiys 1snw sjuspisal yoesq ‘deaA Yyoea Jo € 4

dl

10 sBuljyajey bupjey ‘ojeway buigsau e Buissetey spnpu; ys3 Aq pauys
BPLIO[] 3Yy3 se [|]om se (VST) 1PV sopads paio uepu3 Sn °2Y3 1apun pay

D pue S3|DIYyaA pazLiolon

900 33 03 Aem J1ayy puy
91Is Bupsau Jivy3 ssooyd
q Y3 wodj siqisia s3ybry

| os|e ued syybij Jousu]
32341p J0u Aew s3ybIq

'yoeaq ayj bBuoje

e/ 03 wde woly yoeaq

940320 ybnoayy 1 Aep

3H NVD NOA MOH

*}sou e Buiqanysip
P SUORIB|OIA "sajmiels
D930.4d a.4e s9[3In] eas

‘Bunysou appinjeas ._ck ajqeyns jeyqey

'$}23.38 Aqleau uo paysnid aJe
A2y} 1o uonsneyxs jeoy ‘uonespAyap wouy
81p uoos Aayj} ‘pajusiiosip pue 3so1 ‘puejug

yoeaq jo so|iw 1T 1970
Ajuno) svjeur *siazem Jin
Ajsjes sBujjyodjey aj3amy

sulRlu0d duoje
5 Ino Bujyseaa
23S |NJSsadons




yoesaq pue
s1ybl| ay3 usamiaq
uonelabaa aunp
uum Buiybi papisiys

yoesq pue syybj|
9431 usamiaq
uonelaban
aunp yim
Buinybi papiaiys

Jlemapis e buoje
(s1ybil 8jyo1d mo|) spaejjoq

*sayoeaq bunssu

S|}N] e3s Jeau asn 10j d|qelins sainyxy Bunybiy poob jo sajdwexs aie sydesbojoyd Buimojjoy ayL

YoREy B pus 14y ey
LuEpAagq t@ﬁmng Qspap gy,

BPLS ety

IR U I0MR L8 BU8 SO
CORILA #0f LIM SPUE(0G MO 10
By aposd moy a2y

Soprs
GO UG EaIL
BRbETD UB I
iy oup prarys

“Benpnng o1 po

H0 Dogages jasesd oy Fumiys
FEUOIIEDR DoV AU I e
g oy Ames 8y oyt olEroy

BISS et 1y sest-dyep

SNS OB Lo
BuguByemag

7 STNOINHOAY, ONIGTITHG THOTT

S N

Suideoepuey pue sBupng
Lo BugyBRdn BATEROMIP 400 n]
Sy sheiesm
Fro g ac.E% DESSBOG RIS -
| wogenp
LRUUNL LD 105 SIOIMOO0 UOLOW OSF] «
LRSS
LR IFEQUOD S5 E91 "SI0 Wnnes
2ESGad MoV L0 52 O Mo -
rstuly Gog maged
M 52 Yl Sqing iyl ssedsy .
$3G QIRG RINYS BUD JM07) .
MO R B wrf -

SO 1O Suvlr TR




al4eq pue 30| Buppied uj
Jybijumop PidIys jod

yum 1ybijumop J00J ZT uo ybijumop




‘uoi3oaulp 3sa3ybliq ayy piemoy jusio

[IIM pue 3ybij S31ym Jo yibusjsaem Loys siy3 4o
sepjijuenb aynuiW uaAL 03 BARISUDS AJybiy aJe
ssjun} buljysieH "uopoadip Buoim sy Buipesy
woJy wayl sdesy wayy pujyaq s3enoyjis
aunp ay3 aJiym U320 dY3 JSA0 UO0ZiIoYy

3U3 sl siy} ‘yoeaq |eanjeu e uQ "uoziioy
3s93ybiig ay3 piemoy Bupusuo Aq uesdo ay)
03 Aem Jray) puiy seuny Buljysiey ‘Ajpuodass

(c661"|R

19 uosmen pue q86T ‘puowAery) *sayoeaq
03 9s0j> sAempeo. pue sisid pajybi Aq s1oaye
papnpul siy1 psonpoujul sem Buiyby jepyie
aJaym se(uny pesytsbbo) Aq sydwsne Bupsau
ul suofjdonpad dijeweldp pajesisuowap Auesd
BPLIO[4 Ul Pa3ONpuod sa1pnis oM '1Sau 01 Jns
943 wouy bujbisws wouy ssjeway Jnpe sa3ap
Bunyby (epyie “Isii4 *shkem omy uj sy
Bas s)oayje sayoeaq bupsau ajun) S ojuo
buissedsa.y Bunybil [erpymy *3yby ‘piom e ug

&S9N} eas
jje sadeub eas Aw Bujwiwiii} ued Moy

LN

e st

SN AN I

SERNESTo NI
v3 ,
4V

£S9[3n} eas aney Ajjeas epuiojq ssoq

'93Mels epuojd Jepun s304d 03

ybnous juepodw pawssp Uaaq sey jueld siy
‘3J0Bj U] *UOISOIS PIONPUI-WINYS WO SBININIIS
puejdn 108304d 03 pue saunp pues azjjIqe3s 0}

sdiay adeab ess ‘Jejiqey buipircid o3 uonippe uJ

"@0]W yoesq pue asiopo] Jaydob ‘spiezi

‘spaiqbuos Buipnjoul sjewiue 104 jejqey sepiaoad

Adoued aAaiod ay) s[iym ‘sjewiwew pue
SpJiq aAljeu jo Jaquinu e Ag pawinsuod s 3Ny

SIUL "}nJy Jo siaasnp ayjij-adesb sy pue Jajswelp
ul 0T 03,8 SBARS| 1RINDJID YIY3 SH AQ payiauspl

9q ued jueld syl ‘ssunp pues ayj Buoje sabpay
snonujjuod ||ey Jo saysnq Buipesids moj se
Jeadde Aew sjue|d *sayoeaq s,eplioj4 Jo Auew
Buoje punoy jueid jo ssidads juessjoes ‘aAjeu
d|gexJewal e s| BI9JIAN QO|0200D ‘adeun eag

cuisy) snaey 1
3 mowy 1 op moy pue sadetb eas ale Jeym

ANV
V3G




‘ssedsany Jyby [enuajod azjwiuiw 03 sAem
3seq ay3 sajeisnjji sabed Buimoljoy syl "ZT'0/E
pue 19T seiniels epuol4 pue (££6T) PV
sepads pasebuepug ayy Japun juswuosudu
10 sauly je;uajod 03 Jaumo Ajradoud

8y} asodxa ued pue sapads passbuepua

pue pauajesiy] jo Jojaeyaq bunssu

[eWIoU 3U3 YlIM 90UDI94I9IUl PaLSpISUOD

SI SIYL "sbunyoiey jusiiosip 10 bupsau

19)3p pue yoeaq ayj Uo S|3A3} uoeuIWN||
dsea.oul ued Jatiieq aAieyaban siyy Jjo
jeaowsu Jo Bujwiwiig *molb puejdn Buiziwuiw
pue ssyoeaq bupssu wody Jyby| jepyue
Bupjoo|q ta1iieq BA13RISBAA [BINJRU B SB

Joe adeusb eas Jo spuels ‘orels 9yl 1noybnoay

'sayoeaq bunsau 2403S34 pue Sdj1UN] BIS
P930.d 03 djay papasu si 31 auaym Ajuo Jybi
S43 308a4Ip pue ssedsady by siyy aziwuiw
0} sdajs Auy 'sied Aq Jaao uni Buiaq se yons
S9sned 10adipalow 1o uopepald ‘uoneipAysp
‘uonsneyxa wouy aip Ajjensn ybiysiod
feluspisau 1o 3yby wnjuiwopuod “ybipesils
B Spiemo] jusuo jeyy sbuljysieH "1eah

yoes syybi| [edynse o3 Jusiosip sbuiydjey
000°0€ 01 000’07 UsaMIag ‘snolisesip

9q ued S109YJ9 Byl “Jeyqey bunsau [eond
SIY3 ojui paonpoajul si 3ybyj [epiyiIe USYM
33A "uonnjjod se yby| Jo quiyy uslo 3,uop aMm

JO J48A0D Japun ‘Ajjensn ¢

3S8uU 0] Uueado oy}

J0 AJoes aAnje[al By} AR ISNW SOJ1IN] BuUeW

‘@3S 1B 91| BUNUD JI9Y] AI| A

ew Asyy ybnoyyly

"sayoeaq buigsau ojuo uonnjjod

61| jeiyiie wouy sawod

SEY §9[11Nn] aulew

03} speduw Bupejseasp 3sow 'ay3 Jo suQ ‘ueado

33 Ui s1gap ajqepelbap uou p

ue uoinjjod ‘sauy

-Buoj uo sainided ‘spmesy dwiiys ug Buiumoup
Wwod) panujuod aAeY SaUljd9p [_RUOIHPPY

'siaquunu Jiay) paonpal

Ajjeonsedp 1o pue

Iayies| ‘jlays ‘sbbs ‘yesw 9j3uny eas Joy puewsp

Jey3 S81INUad Mdy 3se| ayy u

1 Usaq Ajuo sey 31

"paJabuepus 1o pauajeatyy

Se pajsi| aJe sopads aAl |

e ‘Ajpes "sayoeaq

BpLIOl4 UO 3sau Ajeinbat aa4yy 1541) Sy ‘Sisiem
[eISe0D S,eplo|4 Ul punoy aq ued ‘jligsymey pue

Asiput s,dwa)y ‘peaytabbol ‘U

2316 Hjoequayies)

9yl ‘9s3Y3 JO 9AId "9PIMPIIOM UleWS Saads

uaAas Ajuo ‘Aepoj ‘sapads jo
2 U3IM SUO||jil Y] Ul SuUess0 s

A1isioAIp Buisuidns

plHOM 3] psweod

8DUO sjewue buizewe 3say| "ess je 9y B

10} pauns Apoauad wayy axew ey suojjeidepe
40 Jequinu e pue siaddiyaioy padeys-sipped
Yam sejndeds Buiyjesuq-lie abie| aie S9N eOS

ISTE 499010

ybnouyy 3sT youely woly spusixa uoseas bupssu
9y} "I3seod oiuepy ayy buoje AJuno) piemoug

03 AqunoD pJeAasg wou4
Inoybnouyy ST 18qoQ 03 35T
uoseas buiyssN ‘bunssu 9
juenodwi 3sow s|6uls ayy s
Apues wuem Jo sajiw sy

r23E3S 33 Jo 1sow

Ae|y WoJj SIN320
j1N} e3S J0j 91e1S
| BpLIOj{ ‘Sayoeaq
UM “10BJ UT "SBA




4O puEls Siyy Wil 03 i PINOM JBUMOBLUOY BY] "BISJIAN BGOj0320D) ‘adelh
e3s Jo pueis abue| e Aq yoeaq ay) wody papiRIys aJe s1yblj asay ] Bunybi
101491X3 JO SBJAJS [BIDABS YUM Bsnoy yoeaq e s3oidap wedbelp siyl

3yl 03 dnoub e se Aem Jiayy
3y3 pue yoey m sb

Jo sAep 09 jnoge Ja
ui sbba Asayies) 00T Alybno

bujwwi
adeus) eag
Jy0434

"9} 3841 9Y3 404 1S|U 0] Yoeo( |ejeu Jay
03 suinjal sbuijyojey asay) JO U0 310joq Siesh
0T 03 ST @q Aew J1 ‘ss|3un} peaylabbo| Jo4 ‘eas

ew [jIm sbuljyojey
bo 9y3 ‘uoizegnoul
V "pues wJem ay)
Jsodap pue 3sau

e BIp |jIm 8ys a1aym yoeaq ayj SSoUde uesd0 oY)
Wod4j S31poq Ji1y3 beap [jim sajeway ‘ssaudep




"Saulj |enaueisgns

Buipnpour uopoe |eb3) jeryusiod o) laumosuwoy ay3 sasodxa
pue buisau s|Nn3 eas sydnisip ‘puels adelb eas ay3 sebewep
bulwwiy papiwaadun siyy *yoesq sy woly 9|qISIA Os|e s|
J4bi3@a3s ay3 mou pue syybijpeay Jed ’sadanixyy 3ybi| 4ood sy
SJe uladuod Jejndjped JO “oiaeysq Bupssu sjun) B3S |RWIOU
Bundnusip yoeaq Bupssu ayy 0juo0 sauys mou uomnnjiod yby
‘UBad0 BY] JO MBIIA JB135Q B Sey Mou Jaumoswoy ay3 ybnoyyy
‘pue)s adeub ess a3 pawiwi] J9A0 sey lsumoswoy ay3 ‘alsH

'S9[}N} eas payosjo4d JO SYjesp pue UOIIRIUBIIOSIP DY} SSned S3ybi| asauy
pInoys Ajjiqey; jeiyusiod pue yoeaq Buissu 9j34n} ess e ojuo ssedsady by
inoge pauiaduod s| Ing Auodjeq ay3 Wolj MIIA 33 aAoadwi o3 adeub eas

il

adels eas
vIiddOouddy

Bujwwi
adelo) eag
avg




yoeag
[eo1dAL v

"yoeaq buiisau sy 03 9|qISIA UoRBUILINY

paonpaJ Ajjenjoe sey Jaumoswoy sy ‘Bujwiwily laye

USA "A1ajeS 10y SdIRlS By S12UIWN||I 03 SISANO| [BIUOZIIOY
ISEDUMOP Yym a4n3xyy piejjoq pue jybijumop Jajsiued Jayjoue
U3Im asnoy ay3 Jo apisyoeaq ayy uo 3ybipooly ayy pase|da
Osje sey Jaumoswoy ay] -qing Bng moj|oA 3emse e yum
paddinbs jybijumop J33siued papisiys j|om e 03 3ybyy ael-Ajel
9Y3 pade|dad sey Jsumoswoy sy ‘Yyoeaq ayj Wodj d|qISIA

14b1 Auoojeq ay3 exew pinom siy3 Buizijesy Auodjeq 3y3 wouy
UE3D0 3U3 JO MIIA e SMOjje Mou puels adesbeas pawiwii] oy

e T T~ SR s P seenmsse

L

Sl

G ikiibokid

.“ buiwwi

L 4 &5 R SRR R Y NS R SR e




uonelabap
buiwwia

0}
"1Se00 dijuepy 8yl uo AJuno) piemolg ybnodyy pieaalg wouy|(astg Ble]BF;
4990300 Ybnouyy 3sT yodew) pue a3e3s ay3 JO Isow ybnouayy (3s1€ 1990320 ybnoayy 1sT sybn
Ae) uosess Bunsau sj1uny eas buunp 3ybiu 3e pasop spuljq mopuim InoA deay 03)3iqey papiaIys
B 3 ew o3 A1l “wiy sousniwsuey 3ybj spisino o3 OpISul %S YIm pajuil g pinoys >toﬁ.un_
HoB=q 843 Jo 3IS JO Bull UM SMOpUIM "SIYBI| JoldIUI JNOA Jnoge 196.0y 3,u0p ‘saINIX1Y
b1 waigoad Bupoatiod usym "SIYBI| Pa3daJIp PIEMUMOP ‘PBp|aIyYs YIM podejdad Soe|day
8q pinoys pue sayoesq buisau a)1un3 L3S Jeau asn 1oy 9jelidosddeur sue saunixy 9sayy
sa.n3xy JyBi| Jo1ie3xa JOo SB]AIS |RaADS UM 8snoy yoeaq |eaidA) e syoidap wedberp sjyL

,63 0} 3m103 03 2owad sy
AEBUI~IIPUN JJO LR} 0 DIHS g

sdasop
DITINJUISLY] YT} 2pjsin0

03 APPUI G454 10 WRIIBIM B 3q proeys aydypeagy
B33 ()uays 4834 34 jo N8 jo
SUH UIHIAL L0 PUB YMOPIAL

PIFIE Qiia uaswa
k
|
|

“useas uu:_ﬁ.a uead0
pov— BupInp g1o panng 10 papIge o4} Wwou4
w B8, MOfR4 rim DYBpumcp : o9 o s femiy Uo9S sy
AYBANS GIpa PRI 3q pinoge
13y Luedpeq pappigsnn

9SNoH




Ojuo ssedsauy 3ybl| 03 83nqLIIU0D saINIXY JyBI| 8By "sayoeaq buj

SN} Bas Jeau asn Joj payins Allood aJe sjyb| JousIXe papjeIysun asay

amixi; prejjoqg sdwe] o8eure) s1y81jpooj

*‘Auadoud s,doqybiau sy 03 sinddo ssedsa.y 3ybi| ou Isowie ‘s
wnwiuiw ‘Aysjes uewny 1oy Jus||sox3y *dwej B6ng mojeA 13empp 03 e
e Buisn jybiumop Js3siued sy s Apadoud Juo4jyoesq 104 ainixuy
3539 8yl "000°'00S$ pue 000’0Sz$ useamiag bupsod SQWOY U0 saunix
pue ¢$ paubissp Alood asayy 895 03 uowwodun J0u SI 3] lawwins A
S9|HN} B3s Joj swivjqold asned pue seyoeaq Bupsau umop pue dn 9]
918 9A0Qe UMOoYs auo ay3 o3| s3ybi| Auodjeq papjeiysun aaisuad

SIy3Iumo( Ja)stuR) Y31 Auoopeq Jer-Ajjar,,

lsou

d

e o)

i

1|6
MGZ
b
4 b$
J2AD
qisiA
XUl

Bunybi
yied
pue

Aemjjep
Yim
S9JnNixi4
papjaiysun
pue
siybijpool4
2oe|day



SIDANOT 1JIMm

spagjjog 2§1301d Moy

il

(s)qing 1adoid yum Ajuo

379V.1d3dIVNN 379V.1dIADDV

8869-126(058) xed 0ech-276 (0S8)

009T-66£7€ 14 '@sseye|el Sd3-MOQd 19913S URIPLIBI YINOS 0ZS
juswbeuely ss109dS pe1daI0Id JO NEIING - SM[PIM JO UOISIAIC

UOISSILLILIOD UOIIRAIBSUOD SJIP[IM PUR USI4 BpLIO|Y
1oejU0D asedld aouepinb Jo4

‘BuiyseN sjiny eas 30930.4d 03 3se0D S,epLiojd Buoje saunyonJis 1oy Bunybij o3 padsaq ui

saanixy bunybi| sjqerdosseun /ajqeydanae ledidA} moys o3 juesws age

sa.i1nixi4 bunybig sjdwexy

S2UNIXI 9SOy L

UDISIA

ybiu saoudwy Ajjenioe pue aue|b sonpad s3ybi| a@says ‘sdwej #MOJI9A,
yibusjerem Buo| yum paynads "buidedspue) pue sAemyied Buneuiwny)
404 24N3X|l JUS||9OX3 Ue SI S|Y] "SIDANO| 3ISEJUMOP |BIUOZIIoY Tu_\s
paddinba s| ain3yxyy pJejjoq siyl ‘yoeaq ayj se [Ilom se Ayadoud mLOnjm_wc

i
i
!
i
|
i



B v Wbipesys &)
mbipeang posodxe i pepa1ys :.u Hon fing ,
papiansun «:»._ ggrsusdoag N

-

L =

H@ C
— 4

wd

O
Z
X
S
&
-
i
w
[+
-
»

2an3xig

wi00y H
b=
10X
peridiasin e 3T
I
m




JOUlN pa3eipossy pue buijemg Ajiwed ajbuls e Joj Jiwiad |eto

10 saJnpnis
U99 040°+€-9¢29

auIq |043U0D) UOIIINIISUOD) [BISROD

plemess SSIAII0Y J0) SHWIRJ [elausD ‘pE-dg9 Ja3dey) - d3ad o

"JUs2s3.10Nn|i

9y3 Jo
3 wody s3disox3

edwod 1o juassapuedul Ajarien 3ybry ,Bng,, MoOjj2A BU] 10 9q PINCYS S24ny ||© 10} sqing

by dng
padeanoy
By Adouwg Wb
susedosq Kyunses u_wu_uzm ey
——— P e Y
@ o —
/ m
wBpooyy 3o
popiayg Apenang gawu@ﬂﬁwz dayg pHeig,

annoy

ARCHITECTURAL
LIGHTING




,BNng,. MojjoA Jusdsapuedul ‘ssa) 10 ‘J3eM O BUO UYLIM pasn 24 |eys ‘a24nos
14bi1| ay3 apiy Aj@is|dwod jeyy siaAnof yiim paddinba aq jjeys “joop 40 ooy
juade[pe syl aA0Qge SS9) 0 Saydul ZT pajunow a9 [jeys siybl| jjem palaAnoT g

*ssaJba Jad aunixiy suo ueyj aJouw ou 0] paywlf 29 [leys
pue ‘qinq ,bng, MOJ||9A JuaISapuedU|l SS3] 10 ‘J3eM Ot SUO UM pasn ag ||eys
‘yoeaq ay3 WoJj S|qISIA 10U S| 3 J_Y3 OS passadad 924n0s Jybij syl aAey |jeys

‘saye4b Jo sajyeq doelq yam paddinba aq (jeys sainixiy ybi-umop Jajsiue) e

:pdepuels buimojjos ay3 03 alaype eyl sjybij jjem paltsAnof 1o saanixiy
1ybi-umop Ja3siued panoidde jo aq jjeys saybi Aemadueajus pue }oap ‘Auodjeg *T

JWIad [elaudn) ayl
JO
UOIR|OIA B 3]N31ASUOD [jeys sjuawialinbai Buiybi| asayly wod) uoneIAsp 10 ainpedap

AUy "JIWIBd [eJauaD) a1 Japun pazioyine aJe bunybij jo sadAy buimojio) ayL ()

"SUD9IDS J0
wi
mopuim 4o sseib pajuny Jo asn ay3z ybnoayl sssf 10 9SG JO (SpISIN0 03 SpisuUl WOy
uoissjuwsuedy

1yb1]) anjeA soueniwsuRL} 03 pajull 9 ||eys suopippe 4o sbuljjomp mau
Aue
JO sapis Jejnoipuadiad-aloys pue piemeas ayj uo sioop ssejb pue smopuim ||y (e)

:sjuswadinbad uoizoayoad aj3an] HuIMo||0) Byl 392w
lleys
HWLIDd [Blauan) Siy] AQ paziioyine MJom ||y "Sjuswalinbay uoi109304d ajunL (1)

SONINIRY




eade punoldb Jo 1984 adenbs QT Jad ainixy T 40 yibus| yied

40 199} 8 J4ad 24n3xi) SUO O3 pajiWl] 9 [jeys pue ‘asnoy ayy ueyj plemess Jaypey
OU pUBIXa ||_YsS ‘SS3] 10 SIIEM / JO SqjNg JUDS3I0N}) YIM 1O {SS3] 10 S13IeM GZ
JO sq|ng jJuadsapurdUl YIM pasn aq |jeys ‘punolb ayl aAoge saydul ZT ueyy sJow

ou

pua3IXa ||eys ‘sainixy adA3 woodysnw aq jjeys siybi| Aemyjed pue buidesspuet ‘¢

‘eale ssaooe buipjing Jo bupjied Jo 1994 aienbs QT Ja2d 24n3ixl U0 ueyjy

2Jow ou 03 pajiwl| a9 |jeys pue ‘qing ,bng, Mmo|ISA Jusosapuepul ‘sss| 10 ‘13em

O U0 Y}IM pasn a(q ||{_YUS ‘Uyoeaq ayj Wodj 3|qISIA J0U S| ) 1Ry} 0S| passadad 924n0s
JUb1| 3Y3 aAeY |leys ‘saieq doeiq Yum paddinbs aq jjeys saunixy ayL ‘buijied suy
OjU! PaSSa23J4 40 S3Id UO PIIUNOW IBYYD ‘salnixy) 121siued aq jjeys seale ssadde
Buipjing pue bupjed pasopus Ajjended Jo pasojpusun 4oj s3ybi asnoydapun g

'ssa.4ba Jad a4n3Xiy U0 UBY] SJ0W OU 03 paliwl] ag ||eys pue ‘ging




0£05-6££(686) wod wiodasnn@sajes J17 ‘syuelnsuc) Abojouyda} wodssni) Aq parsoi BN Eﬁh@ﬁi&@
w:m_mwn._umEmmmszm_m_E.uﬁ\wummﬁ:mzou,»mEc:xuu.chumeuw.uzMﬁuumgmmﬁahﬁgm_mmm_thmz&«*caNn@u:m_;no:,,,..m..,h .:.

99S5S-181-TH6 Je "SUI "SWIL S[HNT JO AS8IN0d Sa4njdld pue ojul

"uonesiiqnd jepyo ajerdoidde ayy Jo uoistaA pajulid ay3 03 JaJol

asea|d ‘syybu |eby)

Buioaye siojew Jo4 ‘jeuoisiaoid S| Jnopuey Siyy UO uopewLIoUl BYL (Jawledsiq
(T€I°0-T yddel S213UN0D piemolg pue yoeag wied ‘uidep ‘aong 1S ‘JaAny
uelpug ‘pJeAalg 3dsdxa S913UN0d || TE 190-T A_W) uoseas bulissu-ajHiny aurew

W ou3
Bulinp swpy Aue je pazuoyine s| eale uoRdNJIISUOD ay3 Jo Bunyby Atesodway oN (8)

‘pazioyIne aq |ieys bunybi| mmco_u_nnm ON (P)

| "yoeaq
mﬁoum\_m>9=m>>nmum>m_m‘_oﬂm>9=m>>mc:_ucoumﬁ_ELmamn:mcmmucm:ozGv




Conclusion

I conclude that lighting does not very often do the job it is
intended to do. | noticed that very few light fixtures are dark sky
friendly and often even if the lights were dark sky friendly, stores and
businesses would leave lights on inside their stores (Home Depot,
Staples and Wiarton Post Office), causing sky glow and wasting
energy and money. Therefore, my hypothesis was correct.

As | predicted, you could see the least amount of stars in
Owen Sound and Wiarton than you could see in Tobermory and
Lion’s Head. Out of a possible 1500 - 2500 stars that most people
should be able to see in an unpolluted area, in Owen Sound | saw
680, in Wiarton | saw 768, in Tobermory | was able to see 976 and
Lion’s Head | saw the most with 1016 stars in the sky.

After photographing the sky glow in the four towns, at 10
kilometers from the center of each of the four towns, Owen Sound
had the greatest sky glow of the four, with Wiarton being the second
greatest and Tobermory with more sky glow than Lion’s Head. This
confirms that indeed my hypothesis was correct, the greater the
population the greater the sky glow.

After conducting my light meter readings, | was able to confirm
my hypothesis. The new retrofit flat lens streetlights are wasting less
light than the old sag lens streetlights. - ..~
| was able to successfully construct a light shield that can
reduce light pollution at a very low cost of less than $10.00. Also to
every neighbours satisfaction | was able to find a formula to use as a

guideline as to where to place a backyard lighting fixture.

[ also discovered through my research that not many people
know what light pollution is or how extremely important dark skies are
to everyone’s wellbeing as well as the animals. It is said that people
would not want their children growing up never seeing the trees or
water; well if the dark skies are taken away they may grow up never
seeing the stars.
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