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@ity of Cambridge

o2
Calendar Item #3
IN CITY COUNCIL
Mareh25,2002
April 8, 2002
COUNCILLOR DECKER
VICE MAYOR DAVIS
COUNCILLOR GALLUCCIO
COUNCILLOR MAHER
COUNCILLOR MURPHY
COUNCILLOR REEVES
COUNSILLOR SIMMONS
MAYOR SULLIVAN
COUNCILLOR TOOMEY
WHEREAS:  Uncontrolled exterior lighting is extinguishing the night sky as well as wasting energy and
producing unnecessary glare; and
WHEREAS:  In just the past decade, sky glow has doubled in intensity; and
WHEREAS:  Controlling sky glow not only brings back the stars, it improves safety, health, energy
conservation, fiscal responsibility and protection of the natural environment (see
attached); and
WHEREAS:  Several cities, including Raleigh, North Carolina, Flagstaff, Arizona, Taos, New Mexico,
and Melbourne, Australia, have enacted ordinances to set standards for exterior lighting;
now therefore be it
RESOLVED: That the City Manager be and hereby is requested to confer with the Assistant City

Manager for Community Development, the City Solicitor and other appropriate staff to
report back to the City Council on what other communities have done and what
Cambridge can do to control exterior light, including a draft ordinance or suggestions for
an ordinance, along with possibilities for other actions such as public education and
incentives to make progress on this important issue.

In City Council April 8, 2002.
Adopted by the affirmative vote of eight members.
Attest:- D. Margaret Drury, City Clerk.

A true copy;

artesTI )nadjo““

D. Margaret Drury
City Clerk
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Time for county to turn its eyes to dark-skies issue

The nighttime skies over Taos afford us a view of the natural light show produced by stars and the moon. Those views
are a little bit better today than they were three years ago when a task force launched efforts to tone down excessively
bright lights in town.

But the work is not complete. A county-wide dark-skies ordinance is still needed.
The fight against the onslaught of light pollution has, in the terms of one activist, been modestly successful.

The Town of Taos passed its ordinance in May 1999, about a month after the state passed its Night Skies Protection Act.
Armed with the ordinance, task force members have been able to convince managers of several businesses to voluntarily
tone down their bright lights — Holy Cross Hospital, Taos Professional Building, Taos Detoxification Center, New
Mexico Human Services Department's Mary Medina Building, and the Cielo Azul Housing Complex.

The comprebensive town ordinance, hailed as one of the best in the nation at the time it was passed, affords citizens a
venue to protest against "light trespass” — light that spills over property lines, illuminating adjacent areas in an
objectionable manner.

Any new lighting installed must conform to the regulations, and while pre-existing lights were grandfathered in, the
ordinance does require them to be brought up to new standards when they become inoperable and must be replaced.

The town's dark-skies ordinance does a good job of balancing the needs of lighting for security and recreation purposes
with protecting the beauty of the nighttime skies: By requiring lighting that is aimed downward and is shielded, the
bothersome and potentially dangerous glare of outdoor lights is reduced, and views of the gorgeous skies above our town
are enhanced. The ordinance also promotes energy conservation, which is increasingly important to consumers. Kit
Carson Electric recognizes this and has been an active partner in the dark-skies endeavor.

But if the state has an ordinance, why is it necessary for the county, or the town, to pass its own?

The state ordinance is weak and doesn't go far enough. One task force member characterized it as a piece of legislation
that does little more than outlaw mercury-vapor lights.

That's not enough.
Repeated attempts to get an ordinance passed at the county level have failed, but those efforts should not be abandoned.

Task force members have spent the past year drumming up support from outlying communities and neighborhood
associations - a task they were given by county planning board members. To date, they have secured letters of support
from Peflasco, Amalia and Costilla and about half of the neighborhood associations.

That's impressive. It's enough support to warrant a more serious look by county planning board members and
commissioners, who should turn their eyes to the skies to better understand why such an ordinance is important.

* The fight against the onslaught of light pollution has been modestly successful the past three years, but a county-wide
dark-skies ordinance is still needed. The state has an ordinance, but it is weak and doesn't go far enough. That's why this
issue warrants a thore serious look by county planning board members and commissioners, who should turn their eyes to
the skies to better understand why such an ordinance is important. )

Want to write a letter to our editor?
Click here,

http://www.taosnews.com/Current/opinionEditorial .shtml
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REGIONAL NEWS

Sun, February 3, 2002
nght lights dimming area 's new economic
horizons.

Hanaba Munn Noack, Times Record News

QUANAH - Light pollution - phenomenon of progress - is
the biggest threat to the bright new star on the Quanah-
Crowell economic horizon: astronomy.

From truck stops to dairies, new business shine against
the night sky. But as fong as the light shines down - not up
- no one's complaining.

Jeri Turner leads star walks at Copper Breaks State Park
during warm months of the year.

“Astronomy is a big draw," Turner said. "We expect more
than a thousand people, primarily from the Dallas area, to
visit the park to check out the dark skies this year. We're
seeing big jumps in attendance at the star walks."

Copper Breaks lies about half-way between Quanah and
Crowell - an economically-depressed part of Texas where

civic leaders smile at the thought of a new dairy or a prison.’

Turner does too.

Besides leading star walks at the park, she Is the new
executive director of both the chamber of commerce and
industrial foundation in Crowell.

Astronomy and industry can co-exist, she said. But she
keeps an eye out for light pollution - spillage and glare that
spoil the night skies for star viewing.

Properly shielded lights keep beams from shooting up into
the night sky.

“To preserve natural resources and responsibly develop
business in the same area, you have to plan it,” she said.
"Planning is the key."

The Texas Department of Transportation is playing by
new rules to stem light pollution.

At two new rest areas TxDOT is building on U.S. 287
southeast of Quanah, lights have sprung up like tall weeds
with one, two and three pods each. When TxDOT flips the
switch, the lights will welcome security-conscious
nocturnal travelers.

The new lights conform to Texas House Bill 916,
legislation effective Sept. 1, 1999. Under the law, the lights
meet anti-pollution standards.

“When we put lights in, the requirements are a cutoff
luminaire if the output of the outdoor light fixtures is greater
than 1,800 lumens," said Barbara Seale, TxDOT public
information officer at Childress. "The ones at the new park
will be built to these specifications."

http://www.tmonline.com/stories/02032002/regional news/29485.shtm!
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Féibbons & Rebukes

Ribbon for a lone ranger. Mike McGrath,
Mon.tana's attorney general, didn't need a white
steed to take a stand. McGrath filed a brief with a
federal appea|s-court supporting President Clin-
ton's rule protecting roadless areas of national
forests, and in the process took on an entire posse

of Western state officials who object to the plan-

including his own governor.

Ribbon for doing
diaper duty (in a
big way). Santa
Clarita, California,
put up $250,000
toward the country's
_ first-ever disposable-
diaper recycling plant. If a diaper-collectioh pilot
program set to begin by next summer is successful,
the plant will keep 6,700 ton§ of the most regret-
table aspect of parenting out of landfills each year.

Rebuke for plane speaking. Responding to
criticisrﬁ that his company’s new sub-supersonic
passenger plane is environmentally insensitive—
because it will guzzle 35 percent more fuel than its
peers—Boeing vice-chairman Harry Stonecipher
was quite blunt. “There's plenty of fossil fuel sﬁll
around,” he said, leaving listeners to wonder if he,
himself, was one of those fossils,

Rebuke for kowtowing to the bottom line. Two
days after Wall Sfreet Journal employees
received a memo telling them to turn off their
computérs at night to save energy, they received
another one instructing them to keep their #Cs
running. Why the sudden flip-flop? Insiders say
the financial paper had conducted one of its
beloved cost-benefit analyses-and determined
that saving electricity wasn't worth the two min-
utes of work time each employee would lose wait-

ing for the morning boot-up.

your bedroom.

Dblasting light into an area

=J.B.

NIGHT LIFE

The.Mission of Madame Darkness

ancy Clanton sometimes hangs outin pirking lots at two
in the morning. \one, But istead ot fear, what the
forty-eight-vear-old outdoor lighting desianer encoun-
ters, she says, is awe. “There's fust one or two cars there,
but every single light is on. \nd Fim sitting there looking
out over the cityscape and asking, "Why?'™
Clanton is part of a team helping to carrv out an order by California gov-
ernor Gray Davis: Cut the state’s outdoor- Iwhtm«v energy consumption. No
one knows exactly how much energy the country uses on nighttime lighting,
but in California, her team has found lighting levels at up to a hundred times
the recommendations. “I don’t believe in this kind of waste,” savs Clanton, a
twenty-six-year member of the [llumination Engineering Society of North
America (IESNA) and head of its Outdoor Environmental Lighting Com-
mittee. The advice the Colorado designer gives to Governor Davis will cut
light pollution, promote
higher-quality lighting,
and reduce light tres-
pass—when illumination
from one area, such as a
brightly lit car dealership,
spills into another, such as

Nancy Clanton, watt chopper

Clanton also has some-
thing else to consider: the
psychology of lighting’
security. Most people still
equate brighter lights with
greater safety. In reality,

can make it less safe: It cre-
ates glare, which impairs
vision; and an unevenly lit
parking lot is full of shad-
ows, the lurking places of
car thieves and their ilk. Adding top shields to spread the light uniformly over _

- the ground and lowering the wattage corrects these problems. But Clanton also

wants people to feel safe. How much can she cut before the fear factor kicks in?

To find out, Clanton and her team are talking to passersby in parking lots
of fast-food restaurants and car dealerships, asking how safe they feel and
what they can see. By comparing those subjective answers with precise
measurements of light uniformity, overall illumination. and glare, they
hope to determine the safety threshold.

So far, Clanton’s research shows that the biggest problem is glare, which
heartens her because it means that we may ultimately feel safer in areas lit
with fewer—not more—watts. “People are starting to sav no to intrusive
lights,” she says. “That will save energy. But-it might also let our kids see the
stars again.” —RacHEL No WEISSMAN
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Photographer:

Richard Misrach

Title: Polaris Over Ak-Chin,
1.28.98-1.29.98,

9:03 PAM—4:18 AN
Camera: Deardort 8x10

with 300mm iens

Film: Kodak VPS negative
color film, ISO100
Exposure:

7 hours, 13 minutes at =3.6

BACK IN 1955, RAY BRADBURY, MASTER OF HEAVENLY TALES FOR GROWN-UPS, WROTE
a book for small children entitled Switch on the Night. It was the story of a lonely litcle boy
who didn't like the Night, didn't like light switches, and wouldn't g0 out to play with other
children after dark. Then late one evening, when the bov had all the house lights blazing,
a strange little girl named Dark came to visit and showed him how “You can turn the
Night off and on, just like you can turn a light off and on. With the same switch!” And
when you switch on the Night, she explained, “You switch on the stars. The light stars, the
bright stars, the true stars, the blue stars!” Stars like Polaris and others that etched the fine
circular lines in this seven-hour exposure of the northern heavens over the Arizona desert,
taken from photographer Richard Misrach’s 7pe Sky Book (Arena Editions).
Unfortunutel}; the stars are fading from view, and the reason is severe light pollution.
A recent study revealed that the Milky Way can no longer be seen by two-thirds of the
world's population. “Whole generations of kids in cities and suburbs are growing up sel-
dom it ever having seen what a skv tull of thousands of srars might look like,” says
Timothy Ferris, author ofbest-sclling books on the cosmos. It could be 3 big loss, we're
told, because voung skvwatchers are the ones who grow up to be poets, philosophers,
explorers, and scientists. The stars, of course, are still burning bright. Thev're just waiting
tor grown-ups to switch on the Night. —Les Line
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Outdoor Lighting Code Handbook
roor Version 1.13 i
December 2000/ January 2002

Dark-Sky A

3225 N, First Ave., Tucson, AZ 85719 U.S.A.
E-mall: (da@darksky.org
WWW: hitp://www.darksky.org

These disclai apply to all inf ion on this server.

Abstract

This Handbook di: issues relative to outdc codu, Jhelr i Je jon, and enfor: A "pattern code" is included,
both as a starting point for jties who wish to consider a lighti oode andasa wav of discussing many of the issues that arise. This pattern
code is not to be considered as a model code to be implemented as-is. Each community will have different needs and differems priorities. The Handb ook
is written mainly for communities in the USd. but many of the issues are the same for other applications, such as state codes or codes outside the USA.
Appendices include forms u:cﬁd  for adrmm:lenng a code, descriptions of several recently adopted nghang codes, and other mformanon. Thv
Handbook is intended to be a dy and it will be revised regularly as new information is developed in the effe app of lighti
codes, and the science and art of outdoor lighting. :

CONTENTS

8

1 Introduction

)

. ) . Though h door lighting codes originated with the p ing cfforts of western Ameri ities with signi 1
research famhues, the issucs are much broader than the darkness of the night sky and the effecti of astr ical ma.knu lighting codes
relevant for all communities. All of us live under the sky (cven non-astronomers), and all of us need quality outdoor lighting (cven astr

)
Carelest use of outdoor lighting damaecs the night time environment in many ways for everyone, often decreasing security and safety or even creating
gh glare and di ion where none would exist without the lighting. But the loss of the naturally dark star-filled sky is 3 tragic
q for the envi and the human soul, akin to the loss of our forested landscapes or oven the loss of fresh air to breathe. The night sky
has been a canvas of our hopel and inspirations since we have been aware enough to raise our cyes fmm the ground. But our children are more and
more growing up never secing the stars, robbed of this inspiration of the ages.

) eS| LR oy ltfnced{l()?;h?pcq. I 2 P ’ . L. e -
LTS e T o F A LTS TN e "
e . . - . .- . - ! ; 3
hup:/*wwe nofs navy.mil/sboyt NOFSI!-M:GLLC Handbook v11.htmi ) Page 1 of 60 http:/fwww .nofs.navy.mil/ab NOF /LC Handbook vi1.html Page 20160
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Careful and considered use of lighting at night, using light only when it is really needed, where it is
noeded,mdsmllch-ilnecdedmdnomm,wotﬂdImhl.‘mke(thcsmindlbuuhelargestcities. il
Compared to typical outdoor lighting practices, such "quality lighting” on average puts less than half the i .
light into the sky, in some cases even less than one-tenth as much. Imagine it - in a city of 100,000 !
residents, cffective lighting could bring back the starry skies of a town of 10,000. The town of 10,000
might soe the endless skyways of a village of 1,000. The universe above could return to our towns and i
homes, to inspire the ing jons as it inspired the creators of Orion the Hunter with the Golden |
Fleece of stars tightly in his grip. ol

Quality lighting brings other substantial benefits as well. Lack of glare and excessive contrast brings
improved visibility, especially to the aging evc. Elimination of wasted light saves money, energy and
resources, which in turn reduces air pollution, water pollution and carbon dioxide emissions caused by
energy production and resource extraction. Good lighting retumns a sense of balance to the night, and gives
3 quality appearance to our towns and cities when the sun goes down.

td

But poor lighting practice is rampant. Careless and excessive use of lighting in our envir

causes extensive damage to the acsthetics of the night, at the same time that it compromises safety and
utility, the very uses for which it is usually installed. Bad lighting hurts everyone. It starts a cascade of
negative consequences - beginning with the loss of our views of the heavens, cortinuing through falling
levels of safety and utility, irritation of neighbors and wildlife, disturbance of the rhythms of day and
night that are vital to many natural sy 18, damage to the hetic app of our nitics, . .
wastcd monctary and natural resources used to produce wasted light, and increased air pollution and p - : .
carbon déoxide levels from wasted fossil fuels. There is nothing good that comes from bad lighting.

Most bad lighting can be blamed on the fact that the user is unaware of the issues of visibility and utility, how they are enhanced by good lighting and
compramised by bad. M‘.Ch is known about how lighting affects our ability to see, to be safe, and to use the nighttime envi Much ins to

be learned. Though the of lighting has made dous strides in the understanding of quality lighting and visual perception, our communities
will not benefit from this knowledge until we raise our and exp ions, and d. d both quality lighting and dark skies.

A lighting code is the vehicle for a ity to expr its exp for quality lighting and dark skies. If it is well written, implemented and
forced, the of impr that can be achieved for most itics is nothing short of ph I, both in reduction of sky glow and
improvement in visibility on the ground. Effective shielding dards, as ded in this Handbook, will reduce the amount of light escaping into

the sky by fifty percent or more d to typical lated lighting practice. In the majority of cases, these shielding standards will also
i ty climinate glare. In apphi where overlighting has b a practice, such as in service station canopy and much convenience
store lighting, the overall lighting limits ded in the USA Pattern Lighting Code, expressed as lumens per acre caps, will reduce

IDA Outdoor Lighting Code Handbook Version 1.13 22802 1:13 PN

approach can be taken. S the impli of alt ive approaches or modifications may not be obvious, and the notes will describe some
of these. Examples are used to show what has worked, where, and why.

All such links are indicated by the usual hyperlink color and underline convention using (s color (if not yet “visited") and g color (if already
"visited"), and also by italics, 50 that they may be evident in black and white hardcopies.

Following the Nofes are short ing a few technical definitions used in the Handbook but not included in the Pattern Code Definitions - if
You come across a term you don't understand in the Handbook, check for it here and in Section [§: a brief description of the primary reference sources
and organizations serving as background for the Handbook; and an example Lighting Advisory Committee Propasal.

Next are Appendices. 4ppendix A: Adminisirative Forms includes forms that can be used in the process of administering a lighting code based on the
Pattern Code. Appendix B: aplicati 1 izes how the shiclding and lumens per acre standards of Section 4 apply to
residential and commercial land uses in the various Lighting Zones. 2o Exg ighti les includes briet descriptions and links to
several real in-place lighting codes. Some have been written using this Handbook, or an earlier version; some have used other guides. These examples
illustrate on-the-ground solutions to outdoor lighting probl in itics with differing size, location, history, composition, and goals.

3 How to Use the Handbook and USA Pattern Lighting Code

The IDA Lighting Code Handbook does not intend to offer a single solution appropriate for all ties or si . It offers instead a
comprehensive guide describing issucs relevant to the control of the obtrusive aspects of outdoor lighting, and a list of effective regulatory approaches
to mitigate these aspects. The Handbook is intended for use by any community of any size or locale in the USA seeking to produce a new or update
an existing lighting code. It can also be a ble guide for ities outside the USA, though IDA i ds to suppl this Handbook with
pattern codes and discussions more directly applicable to other countries as time and resources permit.

To begin the process of getting a lighting code for your community, you must first seck to establish a consensus that there is a problem and that
something needs to be done (see also ighti jvg). Educate yourself about the issucs, using this Handbook and the materials
on the [DA website. Especially valuable are the IDA Information Sheets : i Yorki i j , and
IS #96: How to Get an Outdoor Lighting Ordinance. Meet with others of like mind, perhaps bers of a local y club, staff and users of
local natural parks or arcas, bers of local envi | groups, civic groups, lighting engir and d Mect also, carly on, with the
planning staff and the city il or other g ing board of the ity, tell them what you scc as the problems, and seck their input on what
they see as the problems. Give talks to local groups about the issues.

solutions. Mcmbers should include

When enough people are concerned about the state of outdoor lighting, then a group can be formed to i igat
yourselves, members of the planning staff, perhaps council bers, lighting designers, sign 8, eloctrical or lighting contractors.
Membership should be broad, but the committoe must also keep cloar what the problems are and not let the committee steer away from cffective

lighting, glare and stray light by cven greater proportions. And, unlike other forms of pollution, the eli of light pollution in all its forms
actually saves moncy. Quality lighting costs less than bad lighting, in the long term and even usually in the short term. Everyone wins when lighting is
done right. .

The IDA Lighting Code Handbook is a response to the many req for infc ion on lighting codes and assi in posing lighting codcs
from the increasing bers of ties i d in addrcssing these issues in outdoor lighting. Manry issues related to outdoor lighting use and
the means of decreasing obtrusive side effects of its use through effective lation are di d. The Handbook is not a guide to other related issucs

or subjocts such as cfficient energy usc, lighting system construction, design standards in general, or interior lighting. It is intended as an aid to
itics that arc izing the value and beauty of dark skies and the effectivencss of quality outdoor li hting, that are seeking to take control
of their outdoor lighting, to “take back the night” that is being lost unnecessarily to carclcss and cxcessive use of outdoor lighting.

2 Structure of the Handbook

The next section (How t@ Use the Handbook and US4 Pattern Lighting Code) is ageneral overview of how the Handbook can be used as an aid in the
process of drafting an outdoor lighting code. Following this is a section (Zopics i ightil dghti ) with discussions of several
general issucs related to lighting and lighting codes, and the approaches that are most effective and why. There are no perfect lighting code solutions to
all lighting probiems, and several problem areas arc discussed in jcal Issu r Lighti . After adoption of a lighting
code, the issucs of ing enfc and adaptation must be addressed, and the section on i 7 jghting describes an
cffective way to koep the community involved.

Next is the i , a generic code embodying the principles of light pollution control d ibed in the Handbook; All section tides .
- within the Pattern Code are lifked to Sectii jews, where general issucs related o the section arc described. SR .

Within each section are links to Aotes that follow the USA Pattern Lighting Code, cach addressing specific issucs related to the code text, such as
altcrnative versions, issucs that should be considered if the text is modified, and cxamples of codes that use similar text or from which the pattern text
has been b d. Different itics will have different goals and prioritics, and alternatives may be offered where a different emphasis or

bitp/rerww nofs mevy.mil/sbowt NOFS/#taf/cbi/LC Handbook vi1.htm! Page 3 of 60

answers to the problems.

Asab point, your and must define the problems it wants addressed, and rank them where appropriate in order of
priority. Is energy conscrvation a principle concern? Sky brightness? Is there a concem in the ity about overlighting, or perhaps underlighting,
or both? Is there a significant senior population who is likely to be more sensitive to glare than younger citizens? How sensitive is the community to

the acsth pp of the ity at night? In which situations or locations does the ity place a high priority on the preservation of
starry skies, and in which on the ill ion of the built envii such as buildings and landscaping?
Collect infi to begin idering for your lighting code - begi with lighting levels and practices in your community, any local lighting

codes, and also’ ples of other lighting codes, p larly for your state or for communities of similar size from within your statc if any are
available (sce the [24 website for many links to lighting codes and other resources.)

Any code p ibing hing as plex and diverse as lighting practices will Ily be h plicated. Compli
difficult codes - difficult to understand and difficult to apply, demanding considerable and perhaps pected resources of Y |
departments. Good lighting codes recognize these facts, and seck approaches to the issucs that are as simple to understand and apply as is possible

while maintaining effectivencss.

d codes can be

Before modifications are attempted to form your code from the information in this Handbook, the USA Pattern Code, and other codes you may be
using as guides, the information and codes must be understood. Then modifications appropriate to the local situation, attitudes and laws must be
deviscd that will produce a lighting code that defincs what your community wants and expects of its lighting. The perspective of the planners that will
implement the code is vital, and they must be involved in this process, the carlier the better. At all times, be sure you understand the implications of
the approaches chosep, beth technically iy terms ¢f lighting specifications and practically in terms ofapplicability, practicality, enforceability, and
cost. . - . : -

The implementation of a lighting code will require administrative procedures and forms. The forms contained in 4gpendix 4 should be modified to suit
the code you have written and the style of implementation favored by your planning department. In most cases this will mean much shorter and

htp:/ferww .nofs.na i NOF C Handbook v11.htm! Page 4 of 60
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'The Urban Wildlands Group
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UCLA Institute ot
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Ecological Consequences of Artificial Night Lighting

February 23-24, 2002
Los Angeles, California

Catherine Rich & 'fravis Longcore
Conference Co-Chairs

Abstracts

Plant photoreceptors: proteins that perceive information vital for plant development from the light environment
Winslow R. Briggs

Department of Plant Biology, Carnegie Institution of Washington

260 Panama Street, Stanford, California 94305, USA

Tel: (650) 325-1521 x207, Fax: (650) 325-6857

As sessile organisms, higher plants rely heavily on environmental signals to guide their development. Among the more important environmental signals
are those that come from their light environment. Thus in the course of evolution plants have acquired a wide range of photoreceptors that perceive
and respond to light signals in the ultraviolet, blue, red, and near-infrared regions of the electromagnetic spectrum. In the model plant Arabidopsis
thaliana, nine different photoreceptors have been characterized. Those absorbing and responding to UV-A and blue wavelengths of light include two
cryptochromes, cry1 and cry2, and two phototropins, phot1 and phot2. Those absorbing in the red and far-red regions of the spectrum are the five
phytochromes. There is also evidence for photoreceptors that sense and respond to UV-B, although these remain to be characterized. These many
photoreceptors allow the plant to measure and respond to four parameters of the light environment: light spectral quality, light intensity, light
direction, and light duration. Sometimes these photoreceptors act independently, sometimes redundantly, sometimes cooperatively, sometimes
antagonistically, sometimes at the same stage of development, and sometimes at different stages of development. Some of the responses are incredibly
sensitive, responding to levels of light that even the human eye can barely perceive. Among the many processes affected by light are seed germination,
stem elongation, leaf expansion, conversion from a vegetative state to a flowering state, flower development, fruit development, and senescence. There
is virtually no rigorous research on the influence of urban lighting on plants. There are anecdotal reports of leaves of deciduous trees failing to senesce
in proximity to streetlights because they perceive a long day instead of a short one, but little else. While it is highly likely that urban light does affect
plant development, research is badly needed to assess what the effects might be.

Measuring light pollution in urban lakes and its effects on lake invertebrates
Marianne V. Moore and Susan J. Kohler

Department of Biological Sciences and Nuclear Magnetic Resonance Center, Wellesley College
106 Central Street, Wellesley, Massachusetts 02481-8203, USA .

Tel: (781) 283-3098, Fax: (781) 283-3642

Lakes or coastal waters in or near cities may experience high levels of artificial light at night, because they are generally not shaded by trees or ‘
buildings. Predicting ecological effects of this light on submerged organisms requires estimating the amount of artificial light at the water's surface and
the depth of its penetration. This has never been done, in part, because no light meters are available commercially for quantifying such low-light
intensities either at the surface of aquatic habitats or underwater. We obtained two independent measures of the intensity of artificial lighting at the
surface of five lakes by using two different instruments: 1) a custom-built light meter containing a photomultiplier tube, and 2) a modified diode-array
spectrometer. The lakes ranged in location from inner city Boston, Massachusetts to within the White Mountains National Forest, New Hampshire.
We also measured the spectral distribution of the artificial light, and we estimated its depth of penetration underwater. Spectra of the artificial light
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stﬁk};ng all urban and suburban lakes were nearly identical, and were dominated by light in the yellow region with a peak centered at approximately
590 nm and a width at halfheight of approximately 55 nm. These spectra closely matched the emission spectrum of high pressure sodium lamgps, the
most common street lamp in the USA. Incident levels of artificial light at an urban lake (on the order of 10-3 UE m-2 s-1) were similar to the light
intensity emitted from a full moon and nearly 50 times greater than that of a rural lake illuminated by starlight only. On average, suburban lakes
experienced artificial light intensities 5-30 times greater than that of the rural lake. Cloud cover increased incident levels of artificial light two- to
threefold. The depth to which this artificial light is biologically detectable underwater by crustacean grazers and fish was estimated to be
approximately 3 meters using vertical extinction coefficients determined for the lakes in conjunction with published limits of light detection by aquatic
organisms. Potential effects of this light on submerged aquatic organisms and results from field experiments in which artificial light was manipulated
will be discussed. ‘ : ‘

Artificial night lighting and insects in Germany

Gerhard Eisenbeis

Department of Biology - Institute of Zoology, Soil Biology and Soil Ecology Group

Johannes Gutenberg University of Mainz, D-55099 Mainz, Germany

Tel: +(49) 6131-39-22574, Fax: H49) 6131-39-23835 .

- Noctumal insects are extremely sensitive to outdoor lighting because they have evolved special adaptations of photoreception. They are often
attracted to perform endless turns in the light sphere of lamps, but there are other exogenous and endogenous factors that control their behavior. The
death struggle of insects around light sources can be described by special effects, e.g. "captivation effect,” "crash-barrier effect,” or "vacuurh cleaner
effect.” In many cases insects become disorientated by these effects and are no longer able to perform their basic functions of nutrition ang
reproduction. Some results from a study within a rural landscape of Germany will be presented, showing the impact of different street lamp types on
insects during a full summer season. These differences were quantified as capture ratios regarding both the bulk of insect orders or special orders alone.
Besides light quality, the habitat characteristics were revealed to be important in this context as well. Additionally, the influence of full and new moon,
and of the evening temperature on the nocturnal activity of insects will be shown. These facts suggest that outdoor lighting may be a serious threat to
insects. Based on results from literature an attempt is made to calculate the dimension of insect mortality resulting from a street lamp pool of alarger
city up to the whole area level of Germany. Thereafter some examples of how species and populations with different life strategies may be influenced
by lighting are considered. Finally, examples of energy savings from converting older street lamp systems into modern systems will be shown,
especially the change away from high-pressure mercury lamps, which may reduce energy costs and CO2 emissions significantly. The modernization
of public lighting is beneficial both for township budgets and for the agenda of nature conservation, especially of insects. <

Impact of artificial lighting on moths
Kenneth D. Frank
Philadelphia, Pennsylvania, USA

Artificial lighting has been blamed for decreases in populations of moths. By disrupting moth navigation and suppressing flight, it interferes with
mating, dispersal, and migration. It also disturbs feeding, oviposition, nocturnal vision and, possibly, circadian thythms. It increases predation by
birds, bats, spiders, and other predators. It traps moths in buildings, diverts moths into vehicular traffic, and bums or desiccates moths that fly into
lamp housings. Almost all of these effects are a consequence of flight-to-light behavior. Most species of macrolepidoptera moths exhibit such
behavior, and most kinds of lamps used for artificial lighting elicit it. However, many species of moths thrive near urban and suburban lighting.
Destruction of vast numbers of moths in light traps has failed to eradicate moth populations. Extinctions due exclusively to artificial lighting have not
been documented. Nevertheless, artificial lighting may weaken or eliminate small populations threatened by other disturbances, particularly in habitats
fragmented by urban development. It generates selective pressure favoring evolutionary modification of flight-to-light behavior. Because parasitoids of
some moth species fly to light, artificial lighting may disturb natural control of moth populations. Lighting should be restricted where protection of
biodiversity is a high priority, such as in unusual ecological habitats, and in certain agricultural and horticultural settings. To limit artificial lighting, ligh:
sources should be turned off whenever illumination is not essential. Lamp housings should be sealed tight, and located away from structures that may
trap inisects. Low-pressure sédium lamps should be used in preference to other kinds of lamps. i

Stray light, fireflies, and fireflyers

James E. Lloyd

Department of Entomology & Nematology, University of Florida

Building 970, Natural Area Road, Gainesville, Florida 32611, USA

Tel: (352) 392-1901 x124, )

Fireflies (Lampyridae, Coleoptera) that use their chemiluminescence for sexual communication have a number of attributes that make them good as
well as unique subjects when considering the effects of artificial light in natural environments. First, fireflies may be expected to have inappropriate
"innate" responses to foreign light similar to those that occur in other organisms, but because of their conspicuous luminescent signals, some
alterations may be more easily monitored and quantified. Second, because much of firefly life activity is mediated through their own pinpoints of light
in otherwise dimly lit or dark environments, firefly relationship to light is virtually unique in the terrestrial world; thus, foreign light will have even
more serious consequences for them, and they provide a special case for study. Fireflies may be useful as model systems for the study of the long- and
short-term consequences of ecological insults that occur in combination. Third, because of their unique place in human culture, fireflies can be used as
subjects as well as icons when educating and enlisting the help of the public, especially children and older students, and for reminding them of the
continuing attention that is required to improve and then maintain healthy natural environments.
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Observed and potential effects of artificial light on the behavior, ecology, and evolution of nocturnal frogs [
Bryant W. Buchanan

Department of Biology, Utica College of Syracuse University
1600 Burrstone Road, Utica, New York 13502, USA

Tel: (315) 792-3131, Fax: (315) 792-3831

2,

Most frogs are thought to be largely or completely nocturnal. About 3500 species of frogs inhabit a wide variety of fossorial, terrestrial, aquatic, and
arboreal habitats and possess a wide variety of visual adaptations to these varied environments. Understanding frog natural history, activity pattems,
and visual capabilities can greatly facilitate making predictions about the potential effects of light pollution on a given species. Experiments ‘and
anecdotal evidence demonstrate that both temporary and permanent changes to the illumination of an area may affect frog reproduction, foraging,
predator avoidance, and social interactions. Laboratory experiments have demonstrated that dark-adapted frogs exposed to rapid increases in
illumination may be temporarily "blinded" and unable to gather visual information on prey, predators, or conspecifics until their eyes adapt to the nex
illumination. Permanent increases in nocturnal illumination may facilitate or inhibit a variety of behaviors. Foraging may be facilitated in frogs that hur
around lights because the ambient illumination is increased to a level that allows the frogs to see prey or because lights attract abnormally large
quantities of prey (e.g., insects). Reproductive activity may be inhibited in species that normally reproduce only at very low illuminations. Increased
illumination may allow predators to see frogs that may not normally be visible to them. Circadian thythms, activity patterns, and intraspecific visual
communication may also be affected by increased illumination. Much more field and laboratory research is necessary to assess the full extentof direct
and indirect effects of artificial night lighting on the behavior, ecology, and evolution of frogs.

The influence of artificial illumination on the nocturnal behavior and ecology of salamanders
Sharon Wise and Bryant W. Buchanan

Department of Biology, Utica College of Syracuse University

1600 Burrstone Road, Utica, New York 13502, USA

Tel: (315) 792-3356, Fax: (315) 792-3831 -

Little is known of the direct influence of artificial illumination on the biology of nocturnal salamanders. However, several studies provide evidence tha
artificial light may influence some aspects of their behavior and ecology. In this talk, the role of vision and the influence of light on the activity
pattems, prey detection, predator avoidance, agonistic behavior, and orientation of salamanders to breeding ponds will be examined. Nocturnal foragin
may be influenced by artificial illumination. In one species, salamanders emerge from refugia to forage within one hour after light levels drop -
dramatically following sunset. During such foraging bouts, visual information is useful for locating prey. Greater light levels may delay emergence
(resulting in less foraging time) but increase the ability of salamanders to capture prey. However, such increases in light levels may also make
salamanders more vulnerable to predation. Some salamanders are territorial and aggressively defend areas containing valuable resources. Incregsed
illumination may alter the outcome of territorial contests. Laboratory experiments demonstrate that light levels affect behavioral interactions between
conspecifics such that salamanders exhibit more visual displays when more light is available. Finally, many salamanders are terrestrial as adults but
migrate to ponds to breed and lay eggs. The orientation of some species away.from and toward these ponds is influenced by the spectral
characteristics of light. Artificial lights that emit unusual spectra may disrupt these migration patterns. Because many salamanders are nocturnal and
use visual cues for so many different biological functions, further experimentation on the influence of artificial iltumination on the behavior and
ecology of salamanders is warranted.

Lighting problems at Florida's oceanic beaches: lessons learned from sea turtles :

Michael Salmon . N -
Department of Biological Sciences, Florida Atlantic University 3 '
Box 3091, 777 Glades Road, Boca Raton, Florida 33431, USA :

Tel: (561) 297-2747, Fax: (561) 297-2749 ’ S

Florida's beaches are major rookeries for Western Atlantic loggerhead sea turtles, and minor rookeries for an increasing population of leatherback and
green turtles. But coastal development in Florida continues unabated, increasing beach exposure to nocturnal illumination. As a consequence, the
Florida coast has become a laboratory for testing methods designed to protect the turtles (nesting females and their hatchlings) from "photopollution.”
I first review how under natural conditions at night, females choose nest sites and hatchlings locate the sea from the nest. I then describe how both
females and hatchlings are adversely affected by exposure to artificial lighting, I next critically evaluate two approaches to protecting hatchlings at
local sites: nest manipulation and lighting modification. The second approach is more effective, though not always possible. Finally, I review the
design, philosophy, and implementation of broad-scale plans to restore nesting beaches at the coastal community (Patrick Air Force Base), county
(Broward County), and state (coastal roadway) levels. I argue that broad-scale planning best protects existing dark beaches, restores those currently
exposed to moderate levels of lighting, and controls the lighting environment where new development is anticipated. The beneficiaries are sea turtles
and other nocturnally-active organisms, as well as humans residing in coastal communities.

Artificial night-lighting effects on salmon and other fishes in the Northwest
Barbara Nightingale and Charles Simenstad

University of Washington, School of Aquatic and Fishery Sciences : B
324A Fishery Sciences, 1122 Boat Street, Box 35502, Seattle, WA 98195-5020, USA
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Telgost fish reaction to light stimulus depends upon fish physiologic adaptation to ambient light levels prior to exposure to light level changes.
Laboratory studies examining the use of artificial light to guide juvenile salmon through migration barriers report measurable differences in fish ,
responses to variations in the quantity and quality of artificial light. Studies in the Pacific Northwest report potential changes in fish migration
behavior and the distribution of fishes in night-lighted areas. Such changes potentially increase mortality risks for salmon, herring, and sand lance. -
Juvenile chum and their predators, such as hake, dogfish, sculpin, large chinook and coho, appear to congregate below night security lights with
increased light intensities attracting the chum and potentially delaying outmigration; however, predator stomach analyses have not demonstrated heav:
chum consumption in those conditions. In contrast, night lighting has also been found to attract juvenile herring and sand lance along with their ‘
predators with heavy predation occurring on the herring and sand lance populations. Predators have also been known to take advantage of lighting at
fish ladders, spillways and bridges to prey on migrating salmon. The present limited number of in sifu studies of artificial night lighting, coupled with
the spatial and temporal limitations of existing studies, warrants further exploration to identify the extent of fish distribution changes over time and th.
real harm posed to these fishes. The potential changes in species abundance and dominance resulting from increased prey access under artificial lighting
also warrant further exploration.

The behavioral responses of migrating birds to different lighting systems on tall towers
Sidney A. Gauthreaux, Jr. and Carroll G. Belser '

Department of Biological Sciences, Clemson University

Clemson, South Carolina 29634-0326, USA

Tel: (864) 656-3584

Hundreds of species of birds typically migrate at night, and it well known that fires and man-made lights attract birds during migration, particularly
when the sky is cloudy and the ceiling is low. As early as 1886, E.A. Gastman reported that nearly 1,000 migratory birds were killed around electric
light towers in Decatur, Illinois on the evening of 28 September. Exactly 110 years later a report for World Wildlife Fund Canada and the Fatal Light
Awareness Program details the hazards of lighted structures and windows.to migrating birds. In an effort to understand why birds are attracted to
lights and to assess the influences of different types of warning light arrays on towers, we examined the behavior of noctumal migrants flying near tall
towers with different types of lighting. During spring migration we monitored flight behavior on 9 evenings near a strobe light FM radio tower and
over a control area. During fall migration we monitored flight behavior on 14 evenings near a television tower with red lights, near a television tower
with white strobe lights, and over a control area that had no tower. We used an image intensifier to monitor birds flying overhead, and coded the flight
behavior of migrants into the following categories: linear flight (straight) and nonlinear flight (pause-hover, curved, or circling). During the spring study.
the numbers of birds showing nonlinear flight near the tower with white strobe lights was significantly greater than at the control site, but the number
of birds recorded at each site was not significantly different. During the fall study the number of birds showing nonlinear flight near the tower with red
lighting was significantly greater than those flying near the tower with white strobes. The number of birds showing nonlinear flight near the tower
with white strobes was significantly greater than those flying over the control site. Significantly more birds were recorded flying near the tower with
red lights than flying near the tower with white strobes and over the control site. The number of birds detected flying near the tower with white
strobes did not differ significantly from the number recorded over the control site. The greater number of birds near the tower with red lights is likely
the result of "attraction" to the constantly illuminated lights on towers with red light arrays and the proportion of the time the birds showed nonlinear
flight behavior. While birds in linear flight spend only a brief instant near the tower and leave the area, birds showing curved, circling, or hovering
behavior spend more time near the tower and thus build concentrations of migrants in the area. Once concentrations build, the birds themselves may
become collision hazards to other birds.

Artificial lighting and the decline of seabirds
Richard Podolsky

Avian Systems

279 Melvin Heights Road, Camden, Maine 04843, USA

With only a very few exceptions seabirds as a group are in decline worldwide. Invariably, human activity is the driving force of this global decline.
Artificial lighting is one of a suite of human impacts that together are contributing to the downward trend in distribution and abundance of the world's
300 species of seabirds. Artificial lighting is believed to confuse seabirds while they are migrating long and short distances, especially while they move
between urbanized nesting sites to their feeding grounds at sea. Many seabirds are nocturnal and move between land and sea at dusk or at night and as
such are particularly vulnerable to artificial lighting. Once they are disoriented they are at risk of colliding with artificial structures such as buildings
and transmission towers or of falling onto roadways and being run over by vehicles. One of the more dramatic examples of this is on the island of
Kauai where Newell's Shearwater (Puffinus auricularis newellii) and Hawaiian Petrel (Pterodroma phaeopygia sandwichensis) are estimated
conservatively to have declined to a small fraction of their pre-development levels. A community-wide salvage program called Save Our Shearwaters
(SOS) has done much over the last 30 years to ameliorate this human-induced mortality as has a program to install shielded lighting around the island.
However, these efforts do not appear to provide a sufficient offset to the mortality to ensure the survival of these two endemic Hawaiian seabirds.

Road illumination and black-tailed godwit

Johannes G. de Molenaar, Dick A. Jonkers and Marlies E. Sanders
Alterra, research institute for the green environment

P.O. Box 47, 6700 AA Wageningen, The Netherlands

Tel: +(31) 317-47-77-31, Fax: +(31) 317-41-90-00
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Black-tailed godwit (Limosa I. limosa) is an indicator species for the birdlife of open grassland in The Netherlands. The influence of road lights on the
breeding population of this bird was studied in an area adjacent to a busy motorway. We compared one year, when the road lights were switched off,
with the next year, when the lights were switched on. In a nearby second area, out of reach of influence of the traffic on the motorway, there were no
lights in the first year. Early the next year 24 lights were installed. These were identical to the lights along the motorway and switched on and off -
simultaneously with them. All grassland parcels were individually characterized to eliminate field conditions that may influence the birds' nest choice.
We then established the position of the nests, their distance to the motorway and to the temporary illumination, the measures of the eggs, and the datc
of laying of the first egg. The results reveal that road illumination has a statistically significant negative influence on the breeding habitat quality,
reaching over several hundreds of meters. It is likely that the effect is suppressed by the nest fidelity of the birds, suggesting that the ultimate effect
distance will be considerably larger. Moreover, birds that breed early seemed to choose their nest further away from the lights than birds that start
later. A negative influence of the motorway (traffic noise) seemed to be absent. Apparently it can be compensated by favorable site factors. That the
negative influence of illumination is not compensated suggests that this is stronger than the influence of the road. ‘

Turning night into day: the effects of artificial night lighting on endangered and other mammal species
Melissa M. Grigione

Department of Environmental Science and Policy, University of South Florida

4202 E. Fowler Avenue, SCA 238, Tampa, Florida 33620, USA

Tel: (813) 974-7459, Fax: (813) 974-2184

This presentation will review the major studies designed to measure the effects of artificial lighting on mammals in the field and laboratory. The
consequences of artificial lighting include general disruptions in daily activity cycles, and reductions in dispersal, foraging, and reproductive
opportunities. Secondary effects on prey species, offspring rearing, and habitat reductions as a result of flooding habitat with lights are largely
unexplored. In general, the research effort in this area needs to be further developed and pursued. As habitat continues to be fragmented by roads and
other developments, the effects of artificial lighting will be exacerbated. Many species could potentially receive additional protection from habitat
alterations, such as lights, if a substantial literature base existed. To demonstrate this point, a case study involving the protection of endangered ocelot:
in Texas from large floodlights installed at the US-Mexico border will be reviewed. This case study will demonstrate how difficult it is politically to
protect a species from artificial lights in the absence of either a significant body of research about the effects of lights on mammals or a detailed study
on the specific effects of lights on ocelots. Lastly, we will make recommendations about future studies that need to be undertaken in order to clearly
demonstrate the effects of turning night into day for mammal species.
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Bag Those Beams

Who cares about light pollution? Astronomers, sure. But also folks who just want
to see the stars again

BY DAN CRAY/LOS ANGELES

For years, the towering buttes along Interstate 40 in Arizona were surpassed in
majesty only by the desert's night sky--a ceiling of ink glittering with stars and
frosted with iridescent wisps of Milky Way. Today, however, the once pristine
views from 1-40 and various scenic byways across the U.S. are being
‘whitewashed by floodlit roadside businesses whose commercial glow obscures the
heavenly lights for miles around. /

"The stars are an endangered species," complains Wini Brewer, a Morongo Valley,
Calif., artist who purchased five acres of desert property for its starry vista in
1996 but is now mired in squabbles with the owners of what she considers grossly
over-lit homes and businesses. "Ruining the sky," she says, "is no different from
ruining the view of Yosemite."

Light pollution, a term coined by astronomers trying to protect mountaintop
telescopes from the encroaching glare of urban sprawl, is fast becoming a
national concern. Legislation to "bag the beam," as one campaign refers to it, is
pending in four states, including New York and Massachusetts. Last summer
Texas and New Mexico enacted tough laws to restrict outdoor lights, and just last
week officials in Fauquier County, Va., joining hundreds of regional enforcement
efforts, voted unanimously in favor of similar restrictions. Even Inuits living
200 miles north of the Arctic Circle have reportedly begun to complain about the
lights. :

Thanks in part to the publicity surrounding Comet Hale-Bopp and other heavily
hyped celestial events, "light pollution went from a nonissue to something that's
on everyone's mind," says Maryann Arrien, a documentary-film maker and an
amateur astronomer in Putnam Valley, N.Y. Efforts to curb light pollution are
under way from the Australian Outback to Britain's Sherwood Forest, according’
to the International Dark-Sky Association (I.D.A.), which boasts 3,600 members
in 70 countries.

The lights won't wink out without a fight. Homeowners view brightly lighted
streets as a crime deterrent and tend to feel more secure when their property
shines like a Hollywood stage set. And business owners who pump a lot of money
into outdoor signage insist that increased wattage is frequently all that sets them
apart from the competition.

But there is such a thing as shining too much light on a subject. The Illuminating
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Engineering Society of North America studied commercial lighting and
concluded that many companies use five times the amount of light necessary for
effective marketing. "Business lights are out of control," says Nancy Clanton, a
lighting designer who helped the I.E.S. draft new guidelines recommending that
outdoor lighting be reduced as much as 80%.

Antilight activists say it's possible to fight crime in residential areas without
whiting out the sky. "We're not suggesting you live in the dark. We're saying it's
time to keep lights on the ground where we need them," says Tim Hunter, co-
founder of the I.D.A., who contends that at least 30% of all light is needlessly cast
into the sky. Indeed, the solution to many light-pollution problems may be as
absurdly simple as putting shields around outdoor bulbs to prevent their beams
from traveling above the horizon.

XY
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s we stand on the brink of a new century, we find

that popular outdoor lighting applications have

become inefficient and counterproductive, often

working against the laws of human vision and com-

mon sense. Glare and light pollution rule the night,

‘ and indiscriminate light usage is becoming more of
a challenge to the human experience than a benefit.

The goal of this essay is to take another look at con-

ventional exterior lighting. The long overdue “Renai-

FOOAY

BY INVITATION

ssance” of outdoor lighting will bring about new
approaches to lighting design and application— approa-
ches designed to better aid vision, promote efficiency,
and help us coexist responsibly with the natural night
environment.

What is the problem?

Outdoor lighting is researched by many and under-

Bob stood by few, yet it is freely employed by all. Conven-
Crelin  tional outdoor lighting wisdom appears to amount to
little more than, “Got a dark area? Put a light up—the
brighter, the better.”

Although research has established a greater under-
standing of outdoor lighting, the cavernous gap between
those who research and those who install couldn't be
wider. Lack of awareness has allowed poor lighting to
proliferate. As a result, visual perception, safety, and
quality of life are increasingly compromised.

How did we get to where we are today?

Since the discovery of fire, we have embraced the
presence of light during the night. As electric lighting
became widespread, film and television helped to mold
the public's fear of the night, using darkness as a fore-
boding backdrop to terror. As automobiles became

12

Glare from this high-wattage floodlight at a car dealership
hinders survelllance and annoys passersby at night.

LD+A/August 1999

commonplace, the streetlight market exploded. New
lamps burned longer and brighter, while many fixture
designs became less discreet. Where it once was dark,
there was light. And that was considered progress.

Addicted to light and conditioned to glare

In outdoor lighting applications today, function lags
behind flamboyance and fear. Once installers began
flooding outdoor areas with illumination, the results—
glare, light trespass, and light pollution—became
grudgingly accepted side effects of modern life.

Because most people are now accustomed to
glare and excessive brightness during the night,
appropriate nightlighting may appear inadequate to
them. By pandering to this misconception, outdoor
lighting has become commonly measured by sheer
‘quantity, not quality.

Back to square one

In popular outdoor lighting, we commonly overlook
some basic, unchangeable facts about ourselves and
the world around us. The science of lighting application

Since the
discovery of fire,
we have embraced
the presence of light
during the night.

has become increasingly complicated. in order to grasp
the basics, we must take a few steps back and ask: Is
the application of outdoor lighting optimized for vision
and safety at night? Should we be concerned that
indiscriminate lighting is gradually eliminating the
natural night environment?

Battling Mother Nature
The human eye was not designed to contend with
artificial light at night. While the eye is an extremely

complex organ, its ability to address different levels of .

visible light is fairly basic. Over millions of years, the
eye's ability to adapt from the uniform light of day to the
darkness of night has evolved.

Because of its design, the eye can only adjust to one
light level at a time—which is determined by the
brightest level—so it cannot see in bright and dark
areas concurrently. That is why we have difficulty see-
ing peripherally when we experience contrasting bright-
ness against a nighttime scene. Our peripheral vision is
critical to navigation, so to compromise peripheral
vision is to compromise safety.

Glare
Glare goes a step beyond extreme contrast by dimi-

-
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sure to ilumination at night can disrupt normal physio-
logical operations in humans as well.

Efficient energy use

There are few electrically powered devices today that
waste as much of their generated product as many
common outdoor lighting fixtures. The night sky over
most communities is aglow with wasted illumination
from misdirected or overdone lighting.

More often than not, lighting is generously applied
to an area or subject, with little attention paid to con-
taining light within the task area. The resulting light
intrusion into areas outside task areas has created
modern-day afflictions called Light Pollution and Light
Trespass.

Security lighting or insecurity lighting?

Lighting is often installed to deter or prevent crime.
For site security, “maximum coverage” fixtures are typi-
cally used like dusk-to-dawn floodlights and unshielded
wallpacks. The glare from such lighting causes extreme
contrast and promotes low peripheral visibility, thereby
defeating its purpose.

Although static, dusk-to-dawn lighting “feels” like a
protective measure, it can actually assist criminals
more than it deters them. Major studies of the ability of
security lighting to deter crime are, at best, inconclu-
sive.5

What are the solutions?
Many of the problems associated with outdoor light-

-ing can be solved by using a little common sense.

*The physiology of the human eye must be taken into
account when designing outdoor lighting. To best facili-
tate peripheral vision at night, “contrast” between
light sources, lit areas, and dark surroundings must be
reduced. Softer, more transitional light levels, which are
as consistent as possible from area to area, should be
employed. (Recommended levels set by the IESNA
should not be exceeded). Also, fully shielded/recessed
light sources or “full cutoff” type (FCO) fixtures should
be the prevailing choice in all outside installations.

Well-designed lighting plans, using full color fixtures and

proper lllumination levels, create excellent visual environments

while staying discretely within property boundaries.
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Such fixtures and light sources are available from most
manufacturers.

*There is no excuse for glare, and it should be avoid-
ed in all applications. This is easily achieved by speci-
fying fully shielded/recessed light sources or FCO type
fixtures. Any fixture that presents a viewable light
source as part of its functional appearance is going to
affect visual perception at night by varying degrees.

*Epitomizing the problem of outdoor glare is flood-
lighting. No matter how it is aimed, floodlighting
always produces glare, even from extremely off-axis
angles. The wide broadcast of light produced by flood-
lighting regularly affects neighboring areas, roadways,
and the nightr sky—even across large distances. Given
its lack of redeeming qualities, floodlighting should
ultimately become obsolete.

*Unnecessary and hazardous overlighting, as in conr
mercial “lumen wars,” can be avoided by responsibly
following guidelines for the maintained illumination
levels. and .uniformity ratios recommended by the
IESNA. Again, glare from these sites can be avoided by
specifying fully shielded/recessed light sources or FCO
type fixtures..

«Simply put, efficient use of energy in lighting is
that which (1) applies all or most of its generated light to
the task at hand, and (2) uses no more light or energy
than is necessary for safety in the task area.

¢In the security industry today, professionals will
attest that motion or infrared-sensored lighting is more
effective than static floodlighting in preventing theft.
Since motion or infrared-sensored lighting creates an
alerting “change of environment,” it draws attention to
any activity at a site.

*We must increase awareness. The way to achieve
better outdoor lighting is through education. To ignore
these many problems and continue pandering to soci-
ety's “perception” of good lighting is irresponsible.

In summary

At this juncture, we must look at where we are and
learn from our mistakes. Our goal for the future must be
to balance the functional needs of lighting with the
unchangeable givens of nature’s design. Five hundred
years ago, a Renaissance challenged convention and
illuminated the world. In the next millennium, our chal-
lenge is to illuminate it wisely.
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Blinded by the light -

The glow of city street lamps and office buildings that are fully around the clock may be
doing worse than with . A8 The Globe's MARTIN MITTELSTAEDT
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reports, ‘light pollution’ ma\]nlw be causing havoc in the animal kingdom, and depression and Focus
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Every urbanite knows that the bright lights of the big city .
make it impossible to sce the stars in the night sRy. What most of us don't know is that those
lights might also be making us sick.

The cause is light pollution — the unearthly glow of billions of street lamps, security and porch
lights, searchlights, office lights and signs lefl blazing as people everywhere try to dispel the
limitations of the night.
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For the first time, light is being investigated seriously as a human health hazard, a possible ! ”{'R‘.‘(’)‘i;Q'
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- truly dark night sky sbove their heads.

" Because of the reflective properties of snow, Canadien cities are particularly awash in light

for many wildlife specics, light pollution seems to be as grave an environmental threat as
bulldozed habitats and toxic-chemical dumpi

Until now, the loss of the natural night sky has been mourned mostly by astronomers. But
everywhere scientists look, they are finding that night light is more complex than anyone
imagined, and more insidious.

L . . R L. R l Columnists I
“People are beginning to take it much more seriously,” said Alan Outen, a British ecologist who

has written ty on the dangers of night brigh *I think we will look back on this as
the aspect of pollution that we have ignored, and I think its implications are far bigger than
people have ever really realized ”

The ancient Greeks gazed up at night and saw in the planets and the stars the gods and heroes of
their legends. The dark sky has prompted poetry and scientific inquiry, inviting each of us every
night to ponder humanity’s place in the vastness of the cosmos.

But this new, fi d night is hing no living thing has experienced before: For the first
ume in histary, large populations are growing up without the full, awe-inspiring canopy of a

pollution. Some images of Earth from space show that Montreal in winter outglows even New
York City. :

In a natural night sky, someone looking at the heavens with the unaided eye should be able to see
nearly 3,500 stars and planets, and the glow from the Milky Way, our home galaxy. But in cities
like Montreal or Toronto, the number of visible stars has dwindled to about 50.

It's a stunning drop, one that has caused Canada's foremost astronomy writer, Terence
Dickinson, to lament, *It's now passible to grow up never having been exposed to the natural
beauty and inspiration of the night sky.”

Nearly two-thirds of the.world's population — including basically everyone in the European
Union and the United States and 97 per cent of Canadians — lives under night skies polluted by
light, accarding to the first atlas of the world's artificial night-sky brightness, published by lalian
and U.S. researchers last year.
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In the most heavily wbanized regions of the warld, it no longer ever really gets dark at all.
Sstellite images reveal that night in eastern North Araerica, western Europe, Japan and South
Korea has become a constant twilight, an artificial dusk that lasts until sunrise. Seventy-seven
per cent of Canadians can no longer see the Milky Way. ’

The key author of the bright-sky atlas, Italian astronomer Pierantonio Cinzano of the University
of Padus, says his work "provides a nearly global picture of how mankind is proceeding to
envelop itself in a luminous fog "

The gioup also found that many people's eyes now never get to the stage where they are fully

“adapted to darkness. Cinzano has calculated that about one-10th of the people in the world,

including 59 per cent of Canadians, have lost much of their night vision.

Of course, there are still vast areas where the natural night sky exists. But it is in places such as
the Canadian Arctic, where almost no one lives. For most Canadians, cottage trips and vacations
to the north are the only times they might see anything approaching a dark sky.

A hotel in Huntsville, Ont., outside Algonquin Park in an ares with an intact night sky, has even
capitalized on the fact by opening an observatory with a telescope so that guests can gaze st the
heavens. The Grandview Inn is the first resort-based observatory in Ontario, and Dickinson
predicts trips to see dark-sky areas will be *part of the ecotourism of the future.*

Remarkably, this d ti f of the ligh has taken place in only a linle more
than a century. The invention of the incandescent light freed people from smoky kerosene lamps
and the fire risks of toppled-over candles, and street lights made urban byways seem safer in the
evening.

Electric lighting liberated the night, invented nightlife, and altered our whole approach to the day.

" The Biblical command of "let there be light" was taken to heart with a vengeance.

W

Now, there is so much artificial light that it is blurring the boundary between night and day,
upsetting the delicate balance every organism uses to navigate between bright and dark.

Some creatures appear to be highly susceptible to this disturbance, and for them, night light can
be a quick and efficient killer. .

Lighting from modermn office towers confuses migratory birds, which fly into buildings lit up at

¢ night. Millions of birds are dying fram these crashes. In Toronto alane, the handful of big

downtown skyscrapers injures or kills about 3,000 birds a year, according to menitoring by the
Fatal Light Awareness Program, a local environment group.

Florida researchers have noticed since the 1980s that artificial light along ocean beaches also
confuses baby sea turtles. Statewide, more than a million hatchlings are affected. The turtles
instinctively crawl to the brightest thing on the horizon —~ normally the reflection of stars and the
moan in the sea. But where beaches are illuminated, baby turtles often crawl toward road lights,
where they are flattened by passing cars, or wander in circles on the beach, unsure what direction
to turn. Once day breaks, the exhausted baby turtles bake to death in the hot sun.

The toll dismays those working to ensure the survival of the threatened reptiles. *Sometimes the
turtles end up on the road and crushed. We end up with people crying and stuff like that," said
Karen Moody, an environmental specialist with Florida's Fish and Wildlife Conservation
Commission.

Lepidopterists similarly blame night lighting for the decline in moths over the past four decades
In a brief experiment by German researchers, more than 42,000 bugs were collected at 19 lights in
8 rural area, showing how casily artificial light can disorient insects. It can also cause mated male
mockingbirds to sing at night, when normally only unmated ones do, and stop tree frogs trom
croaking, blocking a key courtship ritual.

Bryant Buch a biology prof at Utica College of Syracuse University in New York, has
conducted experiments in which he showed that even the dim light of 8 child's night light is
enough to blind noctumnal frogs, impairing their sbility to hunt crickets.

He lso obscrved that when a campus sports stadium lit up for nighttime games, frog cowrtship
stopped dead -- 8 worri development for snimals that may breed only a few nights a season
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and aro subject tq declining numbers around the world.

"As dark habitat disappears, clearly if you're reducing the number of nights that 8 frog can breed,
year after year afier year, that's going to have an effect,” he said.

Biologists say light at night has an effect similar to habitat loss. As surely as development alters
habita, light cen render an ares unsuitable for wildlife. As well, like many toxic compounds, light
has the ability to cause mental distreas or impairment in vulnerable species.

Why the effect is 50 dramatic is not fully known, and may be different depending on the species.
But Outen said an intuiti planation is evolutionary: *Life on Earth evolved in the presence of
altemating darkness and light . . . and has adapted to it."

That's true of us as well. Sea turtles and birds are clearly in peril because of light at night, but
scientists have begun to study whether h may share thing of the samo fate.

Richard Stevens, an epidemiologist at the University of C icut, has developed the idea that
light at night has the ability to disrupt critical harmone levels that affect human health. Stevens
came to this conclusion while trying to solve the puzzle of why breast-cancerrisk is five times
higher in rich, industrialized socicties than in poor, developing countries.

In the early 1980s, researchers speculated that the disparity might have to do with fatty Westemn
diets, genetics or the exposure to toxic chemicals, explanations that have all been found wanting.

Stevens was working et a U.S. Department of Energy lab 'y where studics were being done
on the biological cffects of ic fields. S dipitously, he began thinking about electric
currents and the fields they produce.

*It occurred to me that 8 hallmark of industrislization is the use of electricity,” he said. "Then I
8ot to thinking, "What does that mean? How can electricity cause breast cancer? The most
interesting aspect of electricity is light, the light environment.”

Stevens tumed to the th ientific li on circadian rhythms — the 24-hour
biological clock that guides daily body fu — and on mel in, 8 critical hormone most
Living creatures produce only while in darkness. Since then, he has been investigating night light,
developing the counterintuitive theory that something as harmless as s lit light bulb can make

people ill.

Inastudy S to in 2001, he luded that there is *mounting evidence to suggest
that disruption of the melatonin rhythm may lead to chronic fatigue, depression, reproductive
anomalies, and perhaps even cancer.*

Another study Stevens worked on last year pr d the unusual di y that women who
work graveyard shifts, such as nurses, have a substantially higher risk of breast cancer. Even one
all-night shift a week over a three-ycar period was enough to increase the risk by 60 per cent.

He was imp d by other h that found breast. risk to be nearly 50-per-cent lower
in blind women. The more a woman is visually irapaired, the lower the risk of cancer.

“How does light do it?" Stevens asked rhetorically. He thinks the key is melatonin, he said, the
hormone that has been popularized 85 an anti-aging and anti-insomnia potion and as a cure for jet
lag "Mel in is sort of the chemical expression of darkness -- it's the ‘Dracule’ of hormones,
because it only comes out at night,” he said.

Melatonin is produced in the brain's pincal gland, guided by cues from the retinas of the eyes.
Melatonin is produced only when the cyes signal that it is dark. Production begins around
nightfall, peaks in the middle of the night between 1 and 2 a.m., and shuts off during the day.

This nightly dose of the Dracula hormone tolls the body whether it is day or night. Those who
work under lighting at night, as in an office or a hospital, might be inadvertently reducing the
amount of melatonin they produce. Experiments have shown that melatonin inhibits estrogen
from stimulating the growth of breast-cancer cells, among its other heslthful effects. This
suggests why blind women, who p bly maintain hj latonin levels, are at less risk,
while night-shift workers are more susceptible.

Rescarchers have been able to suppress melatonin producti pletely by exposing people to

light levels about five times brighter than in a typical office. At lower light exposures, there is a
less severe reaction, showing that in some ways light is similar to carcinogenic chemicals such as
benzene or asbestos, with a given dose producing a set biological response.

A big question is whether the public is at risk frora milder night light, such as the artificial glow
of the sky or even a neighbour's light shining into a bedroom. In his research on shift workers,
Stevens found that women who reported sleeping in bright bedrooms - where there was, for
cxample, just enough light pollution at night that they could read -- also had a slightly elevated
breastcancer risk.

That finding suggests that light levels in major cities could be dangerous, although the association
was weak and it is too early to draw canclusions. Still, Stevens said, people should take
seriously anything that leads to even a tiny change in the level of & critical hormane. *If you have
8 small suppression of a hormone or a small elevation for many many years, it can have a big
impact.”

David Blask, a scientist at the Bassett Research Institute in Cooperstown, N.Y., became

i d in melatonin after experi showed that pineal-gland extracts from cows or pigs
injected into humans with cancer had some improving effects. *It acts just like a roadblock, just
like tamoxifen in slowing down breast-cancer growth,” he said.

Blask has been conducting research on rats, and has found that even s slight amount of light at
night shuts down production of melatonin in the rodents. He made the discovery by exposing
some rats to around-the-clock office light, another group to nomal altemating days of Living
under office lights and nights of total darkness, and a third group to normal days, but with a
slight amount of nighttime light.

Surprisingly, the rats exposed to just a tiny amount of night light had the same rate of tumour
growth as the rodents exposed around the clock. *It would be the equivalent to being ina
completely dark room, with a small light leak caming through a crack in the door. That's the light
intensity we're talking about," Blask said.

Luckily for humans, we're far less sensitive to light at night than rats and other lower mammals,
nocturnal species acutely attuned to melatonin for reproductive reasons. But the magnitude and
duration of their melatonin surge st night are virtually identical to what happens in humans.
Blask is ly testing the melatonin hypothesis under 8 four-year grant from the U.S.
National Cancer Institute, trying 1o zero in on just how dim light has to be before it no longer
sesms to stimulate cancer-cell growth.

There is much that scientists don't know about melatonin. Some individuals seem to be far more
sensitive to the night-light effect, and women appear to be more vulnerable than men. At this
point, Blesk said, he wouldn't go so far as to advise people to shut off their lights and sit in
darkness for health reasons. "But I think there is enough evidence right now to be cautious at any
rate and certainly limit our exposure to bright light at night.

"When you think sbout it," he sdded, "light at night, except moonlight, is pretty inappropriate.
We didn't evolve with artificial light and it's only been in the last 100 years or so that we've had
this phenamenon of artificial light.”

Not only did people not evolve in illuminated nights, until recently they also did not spend their
days bathed in the weak lighting of the typical office (sbout 200 times less bright than sunlight).

To get in sync with nature's thythms, Blask said, "1 think that people should have as dark nights
as possible, and as bright days as possible.*

Scientists studying light pollution have mostly been working in isolation, and the evidence they
have collected on its dangers has never been drawn together. But 8 conference has been organized
for next month in Los Angeles that will gather many of the top scientists studying the impact of
night light to compare notes.

The conference, hosted by the UCLA Institute of the Environment and the Urban Wildlands

Group (8 Los Angeles eco-activist association), could lead to a higher public awareness of light
Hluti di i "In the ecological world, there are very few people who are

for the Wildlands Group.

p to org:
looking at this in 8 unified wy," said Travis Longcare, & spol

Longcore said light pollution should be receiving the same attention from the public and
I as other envi  ills. It has been growing relentlessly by about 10 per centa
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year since the 1960s, and only recently hsve serious efforts begun to try to control it.

In Canads, the Ontario government has set up a nature reserve north of Toronto, the first in the
warld where the preservation of @ pristine night sky was one of the reasons for establishing the
park.

Located near Gravenhurst, the Torrance Barrens Conservation and Dark Sky Reserve is just far
enough over the horizon from Torongo and other major Southem Ontario centres that its sky
remains unpolluted.

Conservationists are hoping to expand the area of preserved night sky around the park to include
much of nearby Georgian Bay, the Bruce Peninsula and Manitoulin Jsland, using municipal
bylaws to restrict poorly designed night lighting, the main culprit behind light pollution. If
established, it would be one of the largest areas in the developed warld of protected night sky.

In the United States, the L ional Dark-Sky A iation has also been campaigning for the
use of better-designed street and sccurity lights that won't spill into the night sky. The Tucson-
based group views the light above major cities as the glow of wasted energy. It has calculated
that in the United States, about $1-billion (U.S. ) is spent annually on the electricity wasted to
illuminate the sky.

“We u:ll people all the time that that's just dollar bills buming," said IDA executive director Dave
Crawford. The group has championed bylaws requiring "night-friendly* lights, with the bulb
recessed into the fixture so that its light does not glare out horizontally or upwards. Unlike the
commoan cobra-head street lamp, lamps that direct 8 tight beam at the ground use less wattage
and save money because they don't uselessly light the sky.

Well-designed lighting can help recover the sky. In Tucson, where night-sky protection rules
exist, Crawford said, "an good nights you can actuslly detect the Milky Way. Remember, this is
a city of 800,000 people, whereas in an average town of 50,000, you couldn't do that. So we
know these things work.”

The iation also urges neighb to plain to those guilty of committing "light trespass®
~ lamps on at night whose hghx intrudes on the propertics of others -- and criticizes around-the-
clock security lighting, urging people to use motion-activated lights instead to deter crime.

But where people like Crawford sce the planet developing a global lighting problem analogous to
global warming, others love night lighting, especially some business interests.

In Langley, B.C,, city council passed a bylaw last year restricting the use of night-piercing
scarchlights to 30 evenings a year, after pubhc complaints over light from a new Famous Plsyers
“"Colossus” movie theatre. While many residents complained that the pany was

“celestial vandalism,” Famous Players managers thought that the lights tured cuswmnrs. and !hey
launched court action against the bylaw. .

No one seems to like high lighting levels more than big-box retailers. Many now use three times
the intensity of shopping-mall lighting in the 1970s. *There is a lot of desire to boost up the light
levels," said Tony Rutenberg, sales ger at Rutenberg Sales Ltd of Mississauga, a major
Canadien lighting dealer. *It looks very inviting." The big-box retailer thinks, * 'Tm going to have
more people come in,' * he said

Rutenberg has tried to encourage retailers and other big lighting users to consider sky-friendly
products. He tells them it's 8 money-saving bet in the long run because they use less electricity,
while curbing light pollution. *With better design, you absolutely can reduce your energy, lower
your costs, and save the sky,* he said.

While the health and environmental impacts of light pollution are starting to capture attention,
Crawford of the Dark-Sky Associstion has other concems. While he, too, worries that lights may
be making people sick and harming wildlife, he said the fading of the heavens could also cause 8
fading of the human imagination — in many ways, a greater long-term threat.

Writers and other artists have always drawn inspiration from the night sky. *We had the sky up
there, all speckled with stars and we used to lay on our backs and look up at them and discuss
about whether they was made or only just happened,® Mark Twain wrote in Huckleberry Finn.

“There have been poems and symphonies and music and art, and van Goghs and other
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[masterpieces] all done with the stars up there," Crawford said. “Nobody's done painting like
this sbout street lights or billboards. It's the glamour and wonder of the universe we live m.
We've got to preserve that.”

If humans can't solve a relatively easy pollution problem, like excess night light, Crewford added,
it doesn't bode well. *We're going to lose the Earth eventually because as we lose touch with the
environment around us, both the day and the night. We become insensitive o it, and before long,
nature kind of rises up and stomps us.”
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IN CITY COUNCIL

March 25, 2002

COUNCILLOR DECKER
VICE MAYOR DAVIS
COUNCILLOR GALLUCCIO
COUNCILLOR MAHER
COUNCILLOR MURPHY
COUNCILLOR REEVES
COUNSILLOR SIMMONS
MAYOR SULLIVAN
COUNCILLOR TOOMEY

WHEREAS:

WHEREAS:

WHEREAS:

WHEREAS:

RESOLVED:

Uncontrolled exterior lighting is extinguishing the night sky as well as wasting energy and
producing unnecessary glare; and

In just the past decade, sky glow has doubled in intensity; and

Controlling sky glow not only brings back the stars, it improves safety, health, energy
conservation, fiscal responsibility and protection of the natural environment (see
attached); and

Several cities, including Raleigh, North Carolina, Flagstaff, Arizona, Taos, New Mexico,
and Melbourne, Australia, have enacted ordinances to set standards for exterior lighting;
now therefore be it

That the City Manager be and hereby is requested to confer with the Assistant City
Manager for Community Development, the City Solicitor and other appropriate staff to
report back to the City Council on what other communities have done and what
Cambridge can do to control exterior light, including a draft ordinance or suggestions for
an ordinance, along with possibilities for other actions such as public education and
incentives to make progress on this important issue.

CHARTER RIGHT ON MOTION OF COUNCILLOR MAHER.
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- The City Manager is requested to

- confer with the Assistant City
Manager for Community
Development, the City Solicitor
and other appropriate staff to report
back to the City Council on what
other communities have done and
what Cambridge can do to control
exterior light.
Councillor Decker

ORDER #2

CHARTER RIGHT ON
MOTION OF COUNCILLOR
MAHER.

In City Council March 25, 2002

In City Council April 8, 2002

ORDER ADOPTED.





