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Preface
Twenty five years ago, we associated pollution with smoking steel mills, burning rivers, and dying
fish and birds. Today, the causes of environmental degradation are more closely linked to our
own behavior. Poorly designed lighting fixtures commonly waste 30% - 40% of the electricity they
use by over-lighting the intended area, and unnecessarily illuminating the surrounding area. By
some estimates, a billions dollars/year are wasted by poorly designed and installed lighting. In
addition to this basic cost, the impact of energy waste caused by bad lighting on pollution from
Wisconsin’s #1 emitter of toxic chemicals, electric utilities, is substantial
Developing an awareness of, and appreciation for, the local environment encourages individuals
to make lifestyle choices that, in aggregate, can have a profound impact on environmental
quality. Bad lighting is not only a barrier between the human community and the environment,
furthering our estrangement from our natural heritage, bad lighting is waste. One need only see a
picture of America taken from space at night and wonder, what it is it that we are illuminating up
there?

The Midwest at Night from Space
Chicago, Milwaukee and Lake Michigan are right-center, Minneapolis top-center

But it is the loss of the naturally dark, star-filled sky that is the greatest loss, akin to the loss of
our forested landscapes, fresh air and clean water. The night sky has been a canvas for our
hopes and inspirations since we have been aware enough to raise our eyes from the ground.
Our children are being robbed of this inspiration with 70% living were the Milky Way cannot be
seen at night.
This need not happen. Careful and considered use of lighting at night (i.e. using light only where
and when it is really needed), would pull back the veil from over the stars in all but the largest
cities. The universe above could return to our towns and homes, to inspire the coming
generations as it inspired those have seen Orion the Hunter with a Golden Fleece of stars tightly
in his grip.
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What is an Exterior Lighting Code?
An exterior lighting code is a legal document that establishes permitted and prohibited lighting
practices, with an emphasis on limiting obtrusive aspects of lighting, rather than recommending
good lighting practices. Lighting codes are often included as a chapter of local zoning or
land-use plans. The standards of a lighting code are applied to new construction of all kinds in
much the same way as a building code, electrical code or plumbing code, therefore consideration
should be given to enacting the lighting code using a similar legal structure to these. Lighting
codes also may require some previously installed lighting to be brought into compliance.
Lighting codes may be enacted at different levels: state, county , city or township, even
development project or neighborhood. State-level codes usually address only very general
issues and may not have enforcement mechanisms. Though they may nonetheless serve a
valuable role, enabling the adoption of more comprehensive codes by local units of government,
and establishing a basic code for areas of the state that do not yet have or may never have more
comprehensive codes. State-level codes also address lighting built with state funding, such as
state highways or state-owned facilities that are otherwise legally exempt from local codes.
Municipal lighting codes dovetail into existing building and zoning code. Enforcement authority
already exists at the municipal level, and system of fees to support administrative activities is
easy to implement. Furthermore, politics at the local level often are more inclusive, limiting the
influence of special interests on the ordinance development. Finally, a well conducted local effort
provides many opportunities to educate citizen about lighting issues.
At the development or subdivision level, lighting codes or restrictions can be included in design
standards or Conditions, Covenants or Restrictions to be applied only to the homes or
developments within the subdivision. Such codes are often the most effective vehicle to address
specific residential lighting issues, such as shielding of low-voltage lighting, that are often
exempted in higher-level lighting codes for practical reasons.

Creating an Effective Exterior Lighting Code
The goal of an exterior lighting code is the elimination of glare, light trespass, unnecessary
uplight, and the minimization of other adverse effects from lighting, such as light trespass, glare
and energy waste. A good lighting code is a vital step toward these goals, but actually achieving
them requires not only a code, but also effective implementation and enforcement of the. The
adoption of a good lighting code for your community is the result of a series of steps:

1. Organize to Establish a Lighting Code
To begin the process of getting a lighting code for your community, you must first seek to
establish a consensus that there is a problem and that something needs to be done about it.
Educate yourself about the issues, using this resource and materials on the International
DarkSky Association website (http://www.darksky.org) . Especially valuable are IDA sheets #6:
Advice on Working with Community Leaders, Officials and Others, #96: How to Get an Outdoor
Lighting Ordinance.
Meet with like minded neighbors, perhaps members of a local astronomy club, staff and users of
local natural parks or areas, members of local environmental groups, civic groups, lighting
engineers and designers. Meet also, early on, with the planning staff and the city council or other
governing board of the community, tell them what you see as the problems, and seek their input
on what they see as the problems. Give talks to local groups about the issues.
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When enough people are concerned about the state of exterior lighting, then a group can be
formed to investigate solutions. Members should include yourselves, members of the planning
staff, perhaps council members, lighting designers, sign manufacturers, electrical or lighting
contractors. Membership should be broad, but the committee must also keep clear what the
problems are and not steer away from finding effective answers to the problems.

2. Define the Problem
As a beginning point, your committee and community must define the problems it wants
addressed, and rank them where appropriate in order of priority. Is energy conservation and
toxic pollution a principle concern? Sky brightness? Is there a concern in the community about
over-lighting, or perhaps under-lighting, 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
aesthetic appearance of the community at night? Does the community place a higher priority on
the preservation of starry skies, or on illuminated man-made structures?
In most communities, even before you can hope to draft a lighting code, an awareness of the
issues and of the characteristics of quality lighting must be built. This process starts first with any
group that is especially motivated or sensitive to the issues, including persons sensitive to the
aesthetic character of dark skies and/or the many values of quality lighting. Through efforts at
education, this initial group can broaden community awareness generally, and especially of the
legislative bodies (town boards, city councils or county supervisors), and develop through this
process a broad consensus both that there is a problem and that there are effective solutions.

3. Draft and Enact a Lighting Code
Work closely with lighting design professionals and zoning and planning staff to develop
language for your exterior lighting code. Use The Model Wisconsin Exterior Lighting Code as a
point of discussion to help reach agreement about what is needed for your community. Only then
should the process begin of drafting a code, and moving it through the process of community
review, enactment and implementation. Expect this step to take a considerable amount of time
as many constituencies are effected by lighting decision.

3. Enforcement and Monitoring
If careful consideration is not given in these first steps to the practical issues of enforcement,
adoption of a good lighting code will not achieve the goal of quality lighting and dark skies. To
have a code that will be effective requires not only careful consideration of the implications of the
way the code standards are written and evaluated, it also requires that the awareness and
interest of the community in the issues is maintained. Breakdown on these factors has been the
downfall of many otherwise technically correct lighting codes.

4. Stay Involved!
Practicality of implementation, application and enforcement are emphasized again and again in
The Model Wisconsin Exterior Lighting Code. Definitions must be understandable; rules must not
only be technically correct and effective, they must also be understandable and easily
interpretable and enforceable; forms for implementation and administration must be clear and
understandable to lighting users, lighting designers, and planning staff. Achieving these complex
and interrelated goals is challenging, and requires a ongoing commitment from the proponents of
better lighting .

3

5. Ongoing Education About Exterior Lighting
Much can be accomplished through a process of general education in a community; many difficult
enforcement problems cannot be effectively addressed in any other way. While such an
education process is vital to the drafting and adoption of an exterior lighting code, after the code
is in place, its continued success depends on maintaining the involvement of the community.
Understanding of lighting issues built during the process of drafting and adopting a lighting code
must be continually refreshed, as new issues arise and technology changes.
An effective way to address these concerns is through the formation of a lighting advisory group.
The lighting advisory group or committee meets regularly to discuss the lighting issues facing the
community, to explore ways to improve community lighting, the effectiveness of the lighting codes
and of the efforts of the planning staff to implement them. Such groups can help maintain the
visibility of lighting issues in the community and serve as a resource to the community when
questions arise about lighting. They can recognize good lighting installations in the community
through good lighting awards; provide handout sheets to building departments for distribution to
developers and new home builders; write letters to the newspaper editor and guest editorials
describing the issues; give talks on the issues to the public and to retailers and electrical
contractors; provide training for community development staff and inspectors; bring violations to
the attention of enforcement staff. No one wants bad lighting; the advisory group can help
educate your community about what constitutes good lighting.
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Part I: Exterior Lighting Basics
Why Lighting Is Used Exterior lighting is used for a variety of purposes in our modern society. For work or recreation it
enables people to see essential detail so they can undertake activities at night. Lighting can
facilitate and enhance the safety and security of persons or property, for example through lighting
on roads and pathways. It is also used to emphasize features of architectural or historical
significance, and to light parks and gardens. Exterior lighting is often used for advertising or
display to promote products or services, or to call attention to commercial premises by means of
area lighting or signs.

Why Exterior Lighting Should Be Controlled Though there are many needs for lighting in the built environment, the obtrusive aspects of lighting
often extend well beyond the boundaries of the area in which the lighting is intended for use.
These obtrusive aspects, such as glare, light trespass, energy waste and sky glow, can have
serious consequences for the public health, safety and welfare.
Careless lighting practices can have serious impacts on public safety. Glare and excessive
contrast caused by poorly shielded luminaires and over-lighting compromise everyone's ability to
see. Aging eyes are particularly susceptible to these disabling effects. While it is commonly
known that many elder citizens are reluctant to drive at night, but it is not so widely known that a
large portion of the problem originates solely with glare caused by poor exterior lighting practices.
Further, some perfectly legitimate purposes for lighting have potential incompatibilities. As an
example, the advertising effect of illumination that appears brighter or "cheerier" than the
competition is a well entrenched aspect of business lore. The resultant competition for
commercial visibility is leading to extreme examples of over-lighting and glare. Though lighting
may sometimes be effective in attracting customers, over-lighting interferes with visibility on
adjacent walkways and roadways. Exterior lighting can be effectively regulated with carefully
considered attention to design, installation and use. But balancing these competing interests
requires a carefully considered lighting code.

Lighting and the Eye When evaluating the characteristics of lighting and lighting systems, it is easy to become lost in
technical measures of lumens, lux, uniformities, mounting heights, candelas and watts. But to be
useful, all lighting must be gauged ultimately in terms of visibility, i.e. effectiveness in interaction
with the human system of visual perception. An understanding of the characteristic of this
complex system has been slow to develop, and is still deficient in many ways.
The ability of the eye to see at night is based on physiological adaptation to ambient light levels.
Glare and brightness from bad lighting compromise our adaptation, leading to unsafe conditions,
that ironically are often compensated for by additional lighting. And, while nighttime safety and
security are based on our ability to see potential threats, there are numerous examples of poorly
designed or installed security lighting that reduce visual acuity while creating impenetrable
shadow, in effect creating a less safe nighttime environment.
We use artificial lighting to be able to see our way in darkness, and while this seems like an
obvious statement, it is not really as simple as that. Our eyes can adjust themselves to a wide
range of light levels (we all know the difference between walking outside under the full moon, and
under a moonless sky).The eye has a dynamic range of nine orders of magnitude, that is, it
operates over a range of light intensities of 1,000,000,000:1, and it has the ability to resolve a 1%
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difference in luminance over this range. We accommodate this wide range in brightness through
pupillary, photochemical, and neurological adaptations in the eye.
The rear of the eye is lined with the retina, a specialized tissue containing photosensitive cells that
convert light into nerve impulses. Under bright conditions, cone cell receptors concentrated near
the center of the retina send the image to the brain. In dim light, rod cell receptors surrounding
the cones come into play, allowing us to see movement in the dark.
At night, the fully adapted eye is sensitive enough to see a single candle 10 miles away. However,
shifting from the bright to dark operating range of the eye is not instantaneous. Rod cells can
require 60 minutes or longer to fully adapt to darkness. This is why we squint when walking from
darkness into bright light, or pause to let our eyes adjust when stepping out into the night.
There has been considerable interest in recent years among lighting professionals in the
sensitivity of the human eye under low light conditions. Everyone knows that you can see better at
low lighting levels after your eyes become accustomed to the dark; who hasn't stumbled to a seat
in a movie theater after arriving a bit late, only to navigate the same aisles with ease to get
popcorn later on after your eyes adjust? Less widely known is the fact that the eye's spectral
sensitivity also shifts as dark adaptation progresses. Under daylight conditions the eye is sensitive
to the spectral range from deep red (at about 700 nanometers (nm) or longer) to violet (at about
350 or 400 nm). The greatest sensitivity is in the middle of this range, at about 555 nm or
yellow-green. But when the eye becomes fully dark-adapted the peak sensitivity shifts blueward to
about 507 nanometers, in the blue-green portion of the spectrum.
This shift in spectral sensitivity means that the relative efficiencies of different lighting sources
(with different colors or spectral distributions) will also shift. To illustrate, consider low-pressure
sodium lighting, with a nearly monochromatic spectral output near 589 nm. This wavelength falls
very near the peak sensitivity of the eye's light-adapted response, and accounts for the high
efficiency attributed to LPS. But under completely dark-adapted conditions, the peak sensitivity of
the eye shifts toward the blue and lies further from the peak LPS emission, decreasing the
efficiency of LPS.

Lamps Used For Exterior Lighting There are many types of lamps used in exterior lighting, a much greater variety than are familiar to
most lighting users. Each lamp type has applications where it is most appropriate. Lighting
designers evaluate a variety of factors when choosing lamps including: available luminous outputs,
output maintenance (how the lamp's output decreases with time), efficiency, capital costs, life
cycle costs, color, size, lifetime, environmental factors such as hazardous materials and effects on
wildlife, and availability of fixtures. When decisions are made about what kinds of lamps to use in
a project, or to require in a lighting code, a fair consideration of all factors must be made.
Following are descriptions of the principle lighting types used for exterior area lighting and
decoration. The less common or newer lighting technologies such as light-emitting diodes (LEDs),
induction lamps, and others, are not discussed here, though they may occasionally be seen in
large projects such as bridge or traffic lighting. (For further information See: IESNA Lighting
Handbook, and International DarkSky Association Information Sheets #52: Efficient Outdoor
Lighting.)
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Incandescent
Incandescent lamps are the lamps most familiar to homeowners; they are
commonly used for the majority of residential lighting, both indoor and exterior.
Light is produced by the passage of an electrical current through a tungsten
wire in an evacuated or halogen-filled glass or silica bulb. Incandescent lamps
are widely available in a variety of lamp styles of low to moderate luminous
output (mostly below 2,000 lumens).
Advantages include low capital cost for lamps and luminaires, wide availability,
wide variety of both lamp and fixture types, lack of a warm-up period, and lack
of hazardous wastes. Disadvantages include short lifetimes (most less than a few thousand
hours), lowest efficiency (about 8-20 lumens/watt) with resultant high per-lumen energy use and
life cycle cost, attraction of insects, and high heat production.
Fluorescent
Fluorescent lamps are also seen in residential lighting, but they are most
common for indoor retail and office uses. They are occasionally seen in
exterior area lighting (usually in smaller or older installations). Light is produced
by an electrical arc in a low-pressure (2/1000th atmosphere) mixture of gases
that include mercury vapor. This creates ultra-violet radiation which activates
fluorescent powders coated on the inside of the tube. A current-limiting device
(ballast) is required to operate these lamps, but they can be easily and
immediately switched on and off like incandescent lamps and reach nearly full
output almost immediately.
Fluorescent lamps are also available in the so-called "compact" styles that are
often installed in typical incandescent fixtures. These "PL" fluorescent bulbs
make highly efficient and cost-effective replacements for low-output residential
lighting fixtures that are not too frequently cycled off and on. Outputs up to
about 8,000 lumens are available.
Advantages include low initial costs for lamps and fixtures compared with other lamp types, low life
cycle costs and high efficiency compared to incandescent (40-70 lumens/watt mean output), no
warm-up period, good color rendition, and long lifetime (10,000 - 20,000 hrs). Disadvantages
include high initial costs compared to incandescent lamps, large lamp size, low efficiency
compared to other lamp types, and hazardous mercury waste during disposal.
Mercury Vapor
Mercury vapor lamps were the first widely used high-intensity discharge (HID)
lamps. Light is produced by the passage of an electric arc through a small tube
filled with mercury vapor at high pressure (2-4 atmospheres). A ballast is
required to operate the lamp, and full output is not reached for several minutes
after power is applied. Though highly efficient and long-lived compared to the
incandescent they have many disadvantages including: low luminous efficiency,
poor color rendition, and high ultra-violet output.
One unusual characteristic of these lamps is that they seldom "burn out,"
instead fading to lower and lower outputs over years or even decades, though still consuming
essentially the original amount of electrical power. Many old fixtures are still in use however, and
they remain available on the homeowner market as poorly shielded "dusk to dawn" fixtures.
Mercury vapor lamps have now been almost completely replaced in new commercial applications
by the more efficient metal halide and high-pressure sodium lamps.

7

Neon
"Neon" or "luminous tube" lighting is a term applied to a variety of small-diameter glass-tube
sources, generally used for decorative purposes and signage. Light is produced by passing
electrical current through mixture of mercury vapor and gas fill (e.g. neon) producing light with a
color or spectrum characteristic of the gas fill. Luminous outputs are not typically defined per
lamp, but rather per foot or per meter, and depend principally on the type gas fill, diameter and
current rating.
Luminous tube lighting is used for applications that take advantage of the color variety and
flexibility of shape inherent in the technology. It is not meaningful to compare the advantages and
disadvantages of neon to the other lighting sources described, but “neon” lighting can account for
large total outputs when used for architectural outlining, so should not be overlooked in lighting
codes.
Metal Halide
Metal halide lamps are HID lamps, similar to mercury vapor lamps but with the addition of small
amounts of various metallic halides (i.e. scandium, sodium, dysprosium, holmium and thulium
iodide). Light is produced, as in the mercury vapor lamp, by the passage of an electrical arc
through a small tube filled with mercury vapor and metal halides at 2-4 times atmospheric
pressure. A ballast is required, and full output is not reached for 2-10 minutes after power is
applied.
Metal halide lamps are commonly used in commercial exterior lighting where white light with good
color rendition is desired, for example: car dealerships, sports lighting, and service station
canopies. Advantages include a wide variety of moderate to high luminous output lamps (3500 170,000 lumens mean output), high efficiency compared to incandescent and mercury vapor (45 90 lumens/watt mean), and good color rendition. Disadvantages include: low efficiency and output
maintenance compared to high- and low-pressure sodium, short lamp lifetime compared to
high-pressure sodium, color changes, ultra-violet output if not adequately filtered, and potentially
hazardous mercury waste on disposal.
High-Pressure Sodium
High-pressure sodium lamps are the most widely used HID lamps for roadway
and parking lot lighting. Light is produced by passing an electric arc through a
small tube filled with sodium vapor at about 1/4 atmospheric pressure. A
ballast and warm-up period of about 10 minutes are required. Advantages
include: long lifetime, a wide variety of moderate to high luminous output
lamps (2000 - 120,000 lumens mean output), high efficiency and good
maintenance of luminous output compared to all lamp types except LPS,
moderate color rendition compared to LPS, and wide availability and moderate
cost of lamps and luminaires. Disadvantages include: poor color rendition
compared to metal halide, fluorescent and incandescent, poor output
maintenance and efficiency compared to low-pressure sodium, and potentially
hazardous mercury waste.
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Low-Pressure Sodium
Low-pressure sodium lamps are widely used in parts of Europe and
elsewhere, and in some American cities, particularly those near active
astronomical research facilities and those concerned about energy issues and
municipal electric bills. Light is produced by the passage of an electrical arc
through a tube filled with sodium vapor at about 6 millionths of atmospheric
pressure. A ballast is required and 7-15 minutes are needed to reach full
output. The light produced by LPS lamps is nearly monochromatic (i.e.
producing light at nearly a single wavelength near 589 nanometers), and
though the eye is very sensitive to this wavelength, resulting in the high
efficiency of LPS, the eye cannot distinguish colors when LPS light is the only
source available.
Low-pressure sodium lighting is favored where energy consumption and
costs are a concern and where color discrimination is either not needed or is
supplied by other lighting. Advantages include: the highest luminous
efficiency and lowest energy use, low glare associated with the large lamps, good visibility and low
scattering, minimal effects on insects and other wildlife, and lack of hazardous mercury wastes.
Disadvantages include the lack of color rendition, short lamp lifetime and higher lamp replacement
costs compared to HPS, and large lamp size in the higher output lamps.
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Effective Lumens per Watt Efficiencies of Light Sources
at Different Lighting Levels
The conventional preference ranking for lamp types (LPS > HPS > MH > MV) holds for all
luminance levels relevant for street lighting. It is not until illumination becomes as low or lower
than full moonlight (about 1/10 of the lowest levels encountered in roadways or parking lots)
that metal halide begins to exceed LPS and HPS efficiency.
Uncertainty in the degree that peripheral and central vision are important to the various and
sometimes subtle tasks required under exterior lighting leads to uncertainty in the degree of
importance that should be ascribed to the efficiencies of lighting sources at low lighting levels
and to peripheral vision. The best current research, however, shows that under typical
outdoor lighting levels, the visual system's performance, at least under laboratory conditions,
is best characterized as lying much closer to the light-adapted response than to the
dark-adapted response (see graph above, as well as IDA IS #136: Some Issues in Low Light
Level Vision, and references therein).
Amateur astronomers will not be surprised at this, since they know that the eye is nowhere
near dark-adapted after driving a car or walking around in an illuminated area such as a
parking lot. More research needs to be done, but at present the indications are that yellow
light sources such as LPS and HPS maintain most of their efficiency advantage over bluer
sources such as metal halide and mercury vapor under conditions commonly encountered
under typical exterior artificial illumination.

Key:

LPS = low-pressure sodium;
HPS = high-pressure sodium;
MH = metal halide;
MV = mercury vapor.

(Adapted from Adrian, W., 1999, "The
Influence of the Spectral Power Distribution for
Equal Visual Performance in Roadway
Lighting Levels", in Proceedings: Vision at
Low Light Levels, EPRI, Palo Alto, CA, pg. 85)
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LAMP TYPE COMPARISON -- SUMMARY
This table summarizes the differences in the lamp types for the most common sizes encountered
in exterior lighting, exclusive of sports lighting. Values given are approximate, and relative
comparisons will depend on the details of the application.
Lamp Type
Incandescent Fluorescent Metal Halide
Wattage
Output (lumens)
Efficiency
(lumens/watt)
Lumen Maintenance
(%)
Lamp Life (hours)

High-Pressure
Sodium

Low-Pressure
Sodium

25-150

18-95

50-400

50-400

18-180

210-2700

1000-7500

1900-30000

3600-46000

1800-33000

8-18

55-79

38-75

72-115

100-183

90(85)

85(80)

75(65)

90(70)

100(100)

18000-24000

16000

750-2000

10000-20000 10000-20000

Energy Use/Cost

high

medium

medium

low

lowest

Color Rendition

good

good

good

moderate

none*

Notes:
Wattage - Lamp wattage most commonly used in general exterior lighting (not including sports lighting)
Output - Approximate mean luminous outputs of lamps most commonly used in exterior lighting
Efficiency - Mean luminous efficiency for above lamp output range, taken at 50% of mean lifetime (does not include
ballast losses)

Lumen Maintenance - Percent of lamp output at 50% of mean lamp lifetime (and at end of mean lifetime)
Lamp Life - Approximate mean lifetime of indicated lamps
Energy Cost - Relative energy costs
Color Rendition -Relative ability of average observer to accurately perceive colors under lighting from indicated lamps
only (See also: Code Reference 14 - LPS/other lamp type mix for color rendition with LPS energy savings.)

Should a Lighting Code Specify Lighting Levels?
Nighttime over-lighting is increasingly becoming a serious issue. An egregious example in recent
years is glare from service station canopy lighting, where illuminance of 600, 800 and even 1,000
lux or more (60, 80 or 100 foot candles) are increasingly being seen. Other lighting applications
are also seeing uncontrolled upward ratcheting of lighting levels in many communities, driven by
competitive pressures and by perceived security and liability factors.
A principle of good lighting design maintains that the brightest areas in a person's field of vision
should not exceed ten times the brightness of the average level to which the eye is adapted. If
roadways are to be taken as the reference level, illuminated at 3 to 16 lux (0.3-1.6 foot candles),
then this common-sense rule is being exceeded in many cases by great margins. This is a
serious problem, leading to compromised visibility and safety particularly for the ageing eye. To
effectively address many of the issues of light pollution, over lighting must be addressed.
A natural inclination is to turn to the lighting profession itself, and use recommended lighting levels
as defined by for example the Illuminating Engineering Society of North America (IESNA) as limits
on lighting. There are several practical problems with this approach. First, the recommended
practices of the IESNA are often specified as minimum average illuminance (particularly for
parking lot lighting), meaning that the average level should be as specified or greater.
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More importantly, IESNA recommendations are not intended to be applied uniformly, an approach
inherent in a legal document such as a lighting code. These recommendations are offered as a
beginning point for lighting professionals, who are expected to turn their expertise and training on
the problem at hand to determine what other factors may influence the needed lighting. Lighting
levels both above and below the recommended levels are professionally justifiable in some
situations.
Lighting levels, when listed simply as an average illuminance (the most common number seen),
are difficult to apply as a code limit. In practice, determining average illuminance requires
expertise and time; it is not as simple, as is often imagined, as "going out with a meter and
checking." Measuring average illuminance requires nighttime work (often in areas with automobile
traffic), laying out a regular grid of many points and taking illuminance measures at these points
with a calibrated and carefully leveled meter.
Average illuminance commonly specified in professional practice are also "maintained" averages,
which means that the illuminance is to be met when the light loss factors (LLF) appropriate for the
lamps, luminaires and planned maintenance routines are applied. This means that the
"maintained average" illuminance is not actually measurable on the pavement in any simple way,
and additional issues concerning appropriate maintenance factors will have to be considered in the
code.
After-construction determination of compliance with any rule risks discovering non-compliance
after the money has been spent, the design finished, and the lighting literally set in concrete. To
avoid these problems a code may consider defining compliance as occurring at the design stage but this approach then requires a professional design for every lighting permit application - an
expensive requirement for small projects.
Finally, lighting codes are interpreted, implemented, and enforced by persons that generally have
limited expertise in the technical aspects of lighting design. The cost and training implications of
extensive illuminance specification (or any technical specification) in a lighting code are severe.
Either the planning departments must obtain and maintain this expertise, or the costs must be
imposed on the development community, including every small business that puts up a light.
The Model Wisconsin Exterior Lighting Code emphasizes a different approach, taking a direction
that avoids wherever possible technical lighting specifications such as average or maximum
illuminance.

Lumens Per Acre Caps The control of the majority of over lighting problems can be addressed effectively by a overall cap
on the amount of light permitted, scaled to the area to be developed - lumens per acre caps. The
amount of light included in a plan, measured in lumens, is practical and simple to verify from a
simple list of lamps, and requires no special lighting expertise. It also leaves the maximum
flexibility for the lighting designer, to work within an overall "lumen budget" to creatively achieve
the goals presented by clients.
As long as the lumen amounts permitted in the code provide reasonable amount of light for the
designer to work with, professional quality designs can solve the problems of each lighting
situation by trading lumens between amounts of decorative and general illumination, areas to be
illuminated, illumination levels and uniformities, types of luminaire optical design and other factors
to achieve quality lighting without the code prescribing permitted illuminance levels for each
situation. (See Reference 5: Discussion of lumens per net acre caps.)
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Despite the effectiveness and practicality of lumens per acre caps, some special lighting uses
such as sports fields and display lots, (because of the potential for large obtrusive impacts should
professional design standards be neglected), justify the fiscal impacts of technical specification
and professional design. To avoid imposing large training or expertise requirements on planning
department staff, these technical design details must be certified by a registered engineer. For
the limited and generally large project types subject to this requirement, the relative cost
implications of this approach are small.

Classes of Lighting The different uses to which lighting is put result in different requirements for the kind and amount
of light needed, giving rise to a variety of adverse impacts. Because of this, lighting codes often
distinguish three general types of lighting uses, and apply somewhat different standards for each.
Class 1 lighting is typically defined in lighting codes as: “All exterior lighting used for, but
not limited to, exterior sales or eating areas, assembly 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.” Such uses might include signs,
automobile lots, or exterior dining areas where lighting appropriate to general illumination
may not provide adequate color rendition.
Class 2 lighting comprises most exterior lighting used for general illumination and
security. For example: providing simple visibility in areas used by pedestrians (walkways),
pedestrians and vehicles (parking lots) or vehicles alone (roadways) at night.
Class 3 lighting is defined as: “Any exterior lighting used for DECORATIVE effects
including, but not limited to, architectural illumination, flag and monument lighting, and
illumination of trees, bushes, etc.” This includes a large variety of minor uses for lighting
where the principle purpose is decorative (e.g. building facade lighting, roof lighting,
landscape lighting, etc.).

The Code Uses Different Standards for Different Areas Different areas, with different developed and natural conditions, have differing levels of
appropriate light usage, and different sensitivities to the various obtrusive aspects of exterior
lighting. Because of this, four Lighting Zones are defined in the Model Wisconsin Exterior Lighting
Code, and lighting standards appropriate to those Zones are established:
Zone E1:
Areas with intrinsically dark landscapes. Examples are State parks, National forests,
scenic rivers and shorelines, and other areas of outstanding natural beauty, or rural and
residential areas where inhabitants have expressed a strong desire that all light trespass
be strictly limited.
Zone E2:
Areas of low ambient brightness. Rural and ex-urban residential areas.
Zone E3:
Areas of medium ambient brightness. Urban residential areas.
Zone E4:
Areas of high ambient brightness. Normally these are urban areas having both
residential and commercial use and experiencing high levels of nighttime activity.
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Practical Issues and Problem Areas for Lighting Codes
Improvement of lighting quality can be effectively achieved through the application of lighting
codes. But many lighting codes, including the Model Wisconsin Exterior Lighting Code offered
here, suffer from the difficulty of enforcement. While partial solutions some of these problems are
described below, a lighting code alone does not provide an solution for many of these problems.
Education is often the best avenue for dealing with these (See: Ongoing Education in Exterior
Lighting).

Security Lighting The relation between lighting to security is uncertain and complex. In the context of lighting
design the word “security” is often used in the sense that the lighting “provides a feeling of comfort
or freedom from worry for the people using the area” (IESNA). It is important to note that IESNA
recommended practices for security lighting do not purport to provide personal safety or protection
from property crimes.
Using Light to provide security in the more important sense of “freedom from danger” is
problematic. Some studies of the relation of lighting to safety or the prevention of crimes show
that lighting can reduce accident or crime rates, but other studies show no relation, or even that
safety and security are decreased when lighting is used. The U.S. Department of Justice has
concluded that there is no statistically significant evidence that street lighting impacts the level of
crime, but that there is a strong indication that increased lighting decreases the fear of crime. This
leads to the conclusion that some lighting may make people more secure in the sense of feeling
safer, but actually less safe in fact than if they behaved in a more guarded manner. (For more
information on the relation between lighting and security See: International Dark Sky Association
Information Sheets #47, #51, 63 and U.S. Department of Justice Study of Street Lighting and
Crime)

Wall Packs A common source of bad lighting are wall packs, wall-mounted
luminaires with optical elements (reflectors and/or lenses) that direct a
large portion of their light at angles near the horizontal. They are very
commonly used in inappropriate ways, often in attempts to minimize
hardware expense ("light over there with a light over here"), giving rise
to much glare and poor lighting.
The typical plain unshielded wall pack is easily recognizable and, if its
light output is above the threshold for full shielding requirements, can be denied approval under
the code. Trouble arises if a user offers to install an "add-on" shield which many manufacturers
offer for their products. These add-on shields may be claimed to provide "shielding" or "cutoff,"
but rarely if ever provide true full shielding according to the code (See: Reference 16 - Shielding
and cutoff terminology). Planning officials must be aware that such luminaires are almost never
fully shielded, even after adding shields, and either deny approval or require complete photometric
information to verify the complete elimination of uplight.
Fully shielded wall-mountable luminaires are available from many manufacturers, with typical
"shoe box" or can-shaped designs. These can provide good alternatives to many wall pack
applications, though no luminaire will adequately solve the problem of getting useful light at great
distances from the luminaire. To ensure quality lighting, all luminaires must be placed reasonably
near to where the light is needed.
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Roadway Lighting Roadway lighting is a special case of area lighting, and it is often approached in lighting codes
differently than other lighting. The main issues of lighting types and standards for roadways are
focused on considerations of safety, utility, cost, and to some degree aesthetics. Generally, the
community itself will provide roadway lighting, or if it requires developers of new projects to install
roadway lighting, the community will likely specify details of how the lighting is to be done. Such
specifications commonly include hardware, pole heights (and sometimes colors), pole spacings
and locations relative to the roadway, and sometimes illumination levels.
Though lighting quality in roadway installations can benefit from the standards developed in
lighting codes, such public lighting is not subject to the same public scrutiny as lighting for
businesses. The details of roadway lighting for a community are usually set by the traffic
engineering department, if there is one, and it is through engineering standards that such lighting
is best addressed. (See Reference 1: Roadway lighting standards.)

Area Lighting Pole Heights Some communities have specified limits on the heights of lighting poles, either through a lighting
code or otherwise in development standards. There can be two reason for doing this, but the
results of such restrictions may not be what is often intended. If the intention is to limit the daytime
visual impact of tall light poles against landscape views, then shorter poles may help. But the
lighting uniformity goals of the designer may offset the gains from shorter poles by causing an
increase in the number of poles. More poles also cost more money to install and operate.

Pole height restrictions may result in more poles to maintain uniformity
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If the intention is to limit the nighttime visual impact of lights, in particular the spread of light from
high luminaires into surrounding areas (light trespass), results may be much less than hoped for.
Again, since most area lighting has certain target uniformity levels, shorter poles will mean that
more must be used, increasing the visual impact at night as well as in the daytime. While the
poles will still be shorter, a community must carefully evaluate whether the trade-off of more poles
might compromise the original intent to reduce visual clutter.

Pole height restrictions may cause more glare with higher angle
candlepower distributions.
Unfortunately, some designers will attempt to reduce costs by decreasing the number of poles,
using luminaires that have greater high-angle luminance, (i.e. luminaires that throw more light to
the side). These luminaires would achieve the illuminance and uniformity specifications sought
with fewer poles, but will do so at the cost of increased glare. This will lead to increased light
trespass, just the opposite of the original goal for restricting pole heights.
In general, it is not recommended that a lighting code limit pole heights. With good designs using
fully shielded luminaires, poles with standard heights (up to about 11 meters or 35 feet) are
minimally obtrusive in most situations. If there is trouble in your community due to unusual
circumstances, or the common practice of using of unusually tall poles (over about 14 meters or
45 feet), then pole height restrictions may be considered to address the problem (though it is not
recommended to restrict heights to below 25 feet).

Swivel Luminaires (Floodlights) Luminaires with swivel mounting hardware are easy to adjust, inadvertently
or intentionally, as they are installed or serviced. This can compromise
shielding, and may happen after the installation was examined and
approved as complying with the lighting code. Further, such luminaires are
not generally designed to be aimed straight down, as is necessary in most
cases to obtain full shielding. Even add-on louvers or shields do not allow
the luminaires to be aimed very high without the same problem.
Unfortunately these luminaires are often used for glare-prone lighting in an
attempt to "light over there with a light over here." The user tries to avoid
the expense of installing a proper support or pole where it is really needed,
instead mounting the light on a building, pole or other structure located too
far away from the area needing lighting to provide effective lighting. This
results in glare, light trespass, and poor lighting quality.
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Sports Lighting The lighting fixtures commonly used for sports lighting can be huge sources of direct glare to
spectators and players actually using the fields, and at considerable distances from the sports
fields. The brightest single sources of light visible in city nighttime landscape views are often
these facilities. It is no surprise that such lighting is probably the single greatest source of
complaint and neighborhood tension about lighting issues.
Lighting levels used for night sports are the highest commonly encountered in the nighttime
environment. Recommended levels for social or recreational sports, including most municipal
sports activities, range from 200 to 500 lux (20 to 50 foot candles); levels for professional sports,
with large spectator attendance and television coverage, can reach 3000 lux (300 foot candles).
Controlling trespass and glare with such lighting levels is an extreme technical challenge, requiring
the utmost in quality luminaires and design.

Fully Shielded Sports lighting (courtesy of Soft®Lighting)
In the past, available fixtures and lighting designs often left little choice for communities and
designers seeking to minimize spill and glare in sports lighting. Fortunately, several
manufacturers have recently begun producing fully shielded luminaires suitable for sports lighting,
particularly for the most commonly encountered levels of lighting. These designs provide major
reductions in off-field spill, and can entirely eliminate direct uplight in all but the brightest lighting
levels required for professional level sports. Further, many feel that these designs deliver
substantially improved lighting quality on the field for the players.
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Residential Lighting The effectiveness and enforcement of residential
lighting restrictions is always problematic. First, the
majority, of lighting fixtures available on the
homeowner market are inherently unshielded,
swivelled and rarely used pointed straight down.
Second, the details of residential lighting are often
not reviewed by building departments, and even if
they are, the large numbers of homes being built
and the many details involved in inspections mean
that the shielding details of fixtures are often
overlooked. Review and approval of lighting plans
is typically done before building permits are issued
and construction is started, but residential lighting fixtures are often chosen or changed near the
end of construction. An even greater problem is that residential lighting is commonly changed or
supplemented after construction is completed without any official review or approval process.
The low individual outputs of such lights and the low overall amounts used per home or acre,
mean that some impacts are lower than for commercial lighting (e.g. skyglow), though the
impacts may be greater in other respects (e.g. glare and light trespass in dark residential or rural
environments). A balance must be found between these impacts and the practical issues of
enforcement. Though a lighting code should have carefully considered standards for residential
lighting, the most effective way to address most residential lighting is by education (See: Ongoing
Education in Exterior Lighting ).

Laser and Search Lights Sweeping laser or searchlight beams, projected high into the sky and visible for many miles, are
used to attract attention to commercial activities or community events. The utility of such practices
for attracting customers is questionable, since persons located at a distance from the lighting
cannot generally tell where such light beams are originating. But the wide-reaching effects are not
in question. Such practices can affect the appearance of the nighttime environment for thousands
or even millions of persons, effectively turning the entire night sky into an advertising medium.
The Model Wisconsin Exterior Lighting Code prohibits all but temporary use of this type of lighting.

Decorative Lighting Decorative lighting of building exteriors, fountains, landscaping, bridges, statuary and other
man-made and natural features is common, especially in large cities with large landmark
structures. To a limited degree, and when done well, decorative lighting can be attractive and
effectively showcase distinctive architecture or community features.
The illumination of building exteriors is however more often used as an advertising vehicle,
effectively converting entire buildings into signs that are not regulated by the local sign codes.
Common practices for building floodlighting use up-directed luminaires that project a large
proportion of their light directly into the sky. This approach should be strongly discouraged, and
the Model Wisconsin Exterior Lighting Code makes extensive lighting of this type difficult by
applying strict limits on the amount of unshielded lighting allowed. Luminaires mounted at the top
of the wall or roof to be illuminated and directed downward are effective and will minimize uplight.
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The appearance of old fashioned or traditional luminaire styles is
considered attractive in many communities, especially those trying to
recapture the ambiance of the previous century in their downtown areas.
Such lights are appearing even in relatively young communities that have
had no historical use of such lighting. The luminaires are typically designed
to hold a lamp within a glass (or plastic) enclosure, often with four flat
panes, and fully visible straight from the side - there is no shielding for light
rays projected near and even above the horizontal.
Such luminaires can be effective and attractive if used purely for decorative
purposes, with very low output lamps simulating the low output gas flames
originally held by such fixtures. Bad lighting results however when an
attempt is made to achieve modern illumination levels with such luminaires.
To achieve even minimal illumination on the ground, the intensity projected
at high angles becomes high, severely compromising the effectiveness of
the lighting with glare.

Fully Shielded
Antique

Fully-shielded but otherwise antique-style luminaires that contain the light
source recessed within the top of the luminaire are available from a
number of manufacturers. Though the lamp is fully recessed into the
upper housing in these designs, true full shielding is not achieved since
the glass or plastic windows, even if quite smooth, will refract and scatter
some light outward and upward, particularly as they age and get dirty.
Further, since such luminaires are generally mounted on quite short poles
(3-4.5 meters or 10-15 feet), and since the pole itself generally will cast a
substantial shadow on the ground around the pole, achieving good quality
lighting with acceptable uniformity and glare is difficult with such designs;
they should still use lamps with about 5000 lumens or less output, and not
be used as a sole light source where lighting quality is a priority.
Cut-Off Lighting

Bike Paths and Walkways Multiuser non-motorized transportation corridors are becoming more common as people seek
alternatives to driving, and look for recreational opportunities off city streets and highways. In
cases where commuter bicycle traffic is heavy, lighting of bike paths may be considered.
Acknowledging that pedestrians, recreational and commuter traffic will be using the same corridor,
bicycle pathway lighting must provide an appropriate level of illumination for all users. In addition,
many pathways are adjacent to residential or natural areas, so that spill lighting and glare should
be avoided to the extent possible.
Bollards style luminaires mounted below eye level are ideal for
illuminating bike paths and walkways. More frequent spacing, combined
with lower wattage bulbs, can meet recommended levels of illuminance
and uniformity while reducing operating costs. When properly chosen,
these fixtures also eliminate glare and light trespass on surrounding
properties. They can be particularly effective for reclaimed railroad
grades at elevations above adjacent homes.

Bollard
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Recommended Illumination for Bike Paths and Pedestrian Walkways
Lux/Foot Candles
(From: IESNA DG-5-1994, Table 2)
Average
Horizontal
Illuminance
Levels

Horizontal
Avg : Min

Average Vertical
Illuminance
Levels

Vertical
Avg : Min

Paths/Sidewalks along streets:
Commercial

10/1

4:1

20/2

5:1

Intermediate

5/0.5

4:1

10/1

5:1

Residential

2/02

10:1

5/0.5

5:1

5/0.5

10:1

5/0.5

5:1

Paths away from streets:

Shoreland Lighting The economic value of waterfront property in Wisconsin provides ample evidence of the
importance of the waterfront environment to the people that live along it. During the daytime this
environment is heavily used for recreation purposes. Artificial lighting allows us to engage in
nighttime activities that would be impossible or unsafe under natural night lighting conditions.
Whether it’s boating, or simply sitting
on the porch to read, our enjoyment of
the night is enhanced by the use of
artificial light. At night our rivers and
lakes provide a quiet open dark space
that gives us privacy and an opportunity
to enjoy the heavens. Good shoreland
lighting practices include:
1.Providing adequate light for the
intended task, but never over-lighting.
2.Use full cut-off lighting fixtures with
minimum glare from the light-producing
source.
3. Install lighting fixtures carefully to
maximize their effectiveness on the
targeted property, and minimize their
adverse impact beyond the property
borders.
4. Use fixtures with high-efficiency
lamps, while still considering the color
and quality as design criteria.
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Part 2: The Model Wisconsin Exterior Lighting Code
Introduction A lighting code is how a community expresses its expectation for quality lighting. If it is well
written, implemented and enforced, the amount of improvement that can be achieved for most
communities is phenomenal. Effective shielding standards, as recommended in this model code,
can reduce the amount of light escaping into the sky by fifty percent or more, compared to typical
unregulated lighting practice. In the majority of cases, these shielding standards will also virtually
eliminate glare. In applications where over-lighting has become a common practice (e.g. service
station canopies and parking lots), the overall lighting limits recommended in The Model
Wisconsin Exterior Lighting Code, expressed as “lumens per acre caps”, will reduce unnecessary
lighting, glare and stray light by even greater amounts.
Unlike other forms of pollution, the elimination of light pollution in all its forms actually saves
money. 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.
Though comprehensive exterior lighting codes originated in communities with significant
astronomical research facilities, light pollution issues are much broader than the effectiveness of
astronomical research. All of us (even non-astronomers) live under the sky, and all of us need
quality exterior lighting. Careless use of exterior lighting damages the nighttime environment for
everyone, often decreasing security and safety and creating hazards and distraction where none
existed without the lighting.
Quality lighting returns a sense of balance to the night, and gives a hospitable appearance to our
towns and cities when the sun goes down. Quality lighting brings other substantial benefits as
well. Lack of glare and excessive illumination improve visibility, especially to the aging eye.
Elimination of wasted light saves money, energy and resources reduce air pollution, water
pollution and carbon dioxide emissions caused by energy production and resource extraction.
But poor lighting practice is all too common. Careless and excessive use of lighting in our exterior
environment compromises safety and utility, at the same time that it causes extensive damage to
the aesthetics of the night. Bad lighting hurts everyone. It starts a cascade of negative
consequences - beginning with the loss of our views of the heavens, continuing through falling
levels of safety and utility, aggravation of neighbors and wildlife, disturbance of the rhythms of day
and night that are vital to many natural systems, damage to the aesthetic appearance of our
communities, wasted monetary and natural resources used to produce wasted light, and increased
air pollution and carbon dioxide levels from wasted fossil fuels. There is nothing good that comes
from bad lighting.

Using the Model Wisconsin Exterior Lighting Code The Model Wisconsin Exterior Lighting Code does not intend to offer a single solution, appropriate
for all communities or situations. It offers instead a comprehensive guide describing issues
relevant to the control of the obtrusive aspects of exterior lighting, and a list of effective regulatory
approaches to mitigate these aspects. The Model Wisconsin Exterior Lighting Code is intended
for use by a community of any size seeking to write a new, or update an existing, lighting code.
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Before modifications are attempted to conform your code to the Model Code (or any other codes
you may be using as guides) the code must be understood. Any code prescribing something as
complex and diverse as lighting practices will naturally be somewhat complicated. Complicated
codes can be difficult codes - difficult to understand and difficult to apply, demanding considerable
and perhaps unexpected resources of community planning departments.
Good lighting codes recognize these facts, and seek approaches to the issues that are as simple
to understand and apply as is possible while maintaining effectiveness practicality, enforcement
and cost. There is no such thing as a code that can be imposed to fix the complex problems of
poor lighting without the understanding and comprehension of those that will interpret and apply
the code on a daily basis at your community planning department. Participation of these
professionals in the process will assure the best chances for an effective lighting code.
The Model Wisconsin Lighting Code below is intended only as a guide to writing a code suitable
for your community. Issues and priorities will be different for every community, and the Pattern
must be adapted to reflect your community's concerns and desires. Sample code language is
provided for use in developing a code that reflects the community’s special needs.

Code Explanations and Sample

Language

1. Purpose and Intent
This section sets out the purpose of the lighting code, briefly sketching the problems that are to be
addressed. In some jurisdictions, this section has been used as an introduction to the general
issues of light pollution. If there are explanations desired for the specific approaches or details
within the code, they may be worked in to this section. Other codes keep such explanatory text to
a minimum.

Section 1. Purpose and Intent

It is the intent of this Code to define practical and effective measures by which the
obtrusive aspects of excessive and/or careless exterior light usage can be minimized, while
preserving safety, security and the nighttime use and enjoyment of property. These
measures will curtail the degradation of the nighttime visual environment by encouraging
lighting practices that direct appropriate amounts of light where and when it is needed,
increasing the use of energy-efficient sources, and decreasing the wastage of light and
glare resulting from over-lighting and poorly shielded or inappropriately directed lighting
fixtures.

Section 2. Conformance with Applicable Codes

All exterior illuminating devices shall be installed in conformance with the provisions of this
Code, the Building Code, the Electrical Code, and the Sign Code of the jurisdiction as
applicable and under appropriate permit and inspection.
3. Applicability
This is an important section, defining what lighting the code will apply to. Issues of ownership
(private, public, commercial, governmental), output, use, and grand fathering can all affect
whether and how lighting is addressed by the lighting code. All codes will apply to lighting installed
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after the effective date of the code, but many codes exempt public roadway lighting, or exempt
fixtures containing lamps below a certain output level. The approach to lighting that is in place at
the time the code is adopted can differ considerably from jurisdiction to jurisdiction.
An exemption for public roadway lighting is a practical issue related to the detailed specifications
often used for such lighting. These are usually addressed by engineering standards (See
Reference 1: Roadway Lighting Standards).
Codes that exempt low-output fixtures seek to simplify the application of the code by avoiding
restrictions and evaluation of such fixtures, which are regarded by some as having minimal
obtrusive impacts even if they are poorly utilized. Such low-output fixtures are however a principle
source of trouble and complaint in darker surroundings such as residential areas and particularly
rural areas. Further, such an exemption in practice has often led to a tendency to use more
poorly-designed and obtrusive low-output fixtures to avoid regulation, when the job would have
been much better realized with higher output, higher quality fixtures. In The Model Wisconsin
Exterior Lighting Code all lights are addressed. While some restrictions are relaxed for lower
outputs, they are not entirely excluded from consideration.
Regarding existing lighting, approaches can vary from requiring immediate conformance of all
lighting (including previous installations), to never requiring conformance of previous installations.
The available options here will be constrained by many factors, including the state constitution,
case law and precedent, political will and community desire. If in-place lighting is given any
different treatment, then the code should define rules for such lighting. During the period that
such special rules apply, such lighting is said to be "grand fathered." Commonly, codes eventually
require conformance of all lighting, usually after a period of time of from a few to ten years (a
so-called sunset clause).
Permanent grand fathering of old lighting installations will cause ongoing enforcement problems.
In principle all old lighting will eventually be changed, because the fixture breaks, the site is
re-developed or just redesigned. But in practice what often happens is that such lighting will be
replaced piece-meal, and no permit is taken for the replacement or upgrade, and therefore no
review is done and the replacement will often be as bad as the old lighting. Further, lighting will
often be simply added to sites with grand fathered lighting. Though replacing or adding lighting
without approval is not allowed the way most codes are written, in practice someone must notice
that it has been done.
But even if someone notices that the lighting has been changed or supplemented, on a grand
fathered site there probably exists no documentation of the previous lighting, and the situation can
degenerate to one person's or group's word against another. Such situations are economically
and politically costly and should be avoided if possible by including a sunset clause in the code. If
after ten years (for example) all old lighting must be brought into compliance, then there is no
question - if the light is non-compliant, it is a violation; no-one has to prove when it was installed
Finally, some codes have been applied only to public or commercial lighting, exempting private
(residential) and sometimes governmental lighting. Though residential standards have practical
difficulties for application and enforcement (See: Residential Lighting), lighting codes should
address this lighting also, since it can have great negative impacts in residential areas. Exempting
lighting at governmental installations sends entirely the wrong message, and is strongly
discouraged. Publicly owned facilities should lead the way in conforming to their own codes, and
demonstrating the advantages of quality lighting for all lighting users.
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Section 3. Applicability

3.1 New Uses, Buildings and Major Additions or Modifications. For all proposed new land
uses, developments, buildings, and structures that require a permit, all exterior lighting
fixtures shall meet the requirements of this Code. All building additions or modifications of
twenty-five (25) percent or more in terms of additional dwelling units, gross floor area, or
parking spaces, either with a single addition or with cumulative additions subsequent to
the effective date of this provision, shall invoke the requirements of this Code for the entire
property, including previously installed and any new exterior lighting. Cumulative
modification or replacement of exterior lighting constituting twenty-five (25) percent or
more of the permitted lumens for the parcel, no matter the actual amount of lighting
already on a non-conforming site, shall constitute a major addition for purposes of this
section.
3.2 Minor Additions. Additions or modifications of less than twenty-five (25) percent to
existing uses, as defined in Section 3.1 above, and that require a permit, shall require the
submission of a complete inventory and site plan detailing all existing and any proposed
new exterior lighting. Any new lighting on the site shall meet the requirements of this Code
with regard to shielding and lamp type; the total exterior light output after the
modifications are complete shall not exceed that on the site before the modification, or
that permitted by this Code, whichever is larger.
3.3 Resumption of Use after Abandonment. If a property or use with non-conforming
lighting is abandoned as defined in Section 16, then all exterior lighting shall be reviewed
and brought into compliance with this Code before the use is resumed.
3.4 Existing Uses and Buildings. After a period of ten years from the date of enactment
of this code, any lighting in place prior to the enactment date shall come under the
provisions of the code.
3.4 Lighting for public roadways is exempt from the provisions of this Code.
See Reference 1: Roadway lighting standards

4. Shielding and Total Exterior Light Output Standards
This is the principle section defining lighting standards. Spend considerable time here to make
sure the meaning and implications of the standards are understood. Exterior lighting is
tremendously diverse, with thousands of users and thousands of designs. Be careful not to focus
so strongly on one type of lighting that the code becomes impractical or impossible for other types.
Persons have lots of ideas of how to light and what lighting is for - be careful in defining standards
that you do not constrict their ability to do what they want any more than is justified by the wider
community impacts of the practices.
Though much of the lighting in a community is used for the relatively simple applications of
roadway and parking lot lighting, providing reasonable standards for the remaining lighting can be
the source of lots of code text and exceptions. Exceptions require skillful crafting, of they can
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create immense problems and "loopholes" where poor lighting practices are inadvertently allowed,
or even encouraged, along with the intended exception.

Section 4. Shielding and Total Exterior Light Output Standards

4.1 All nonexempt exterior lighting fixtures shall have shielding as shown in Table 4.1.
Table 4.1 LAMP TYPE AND SHIELDING STANDARDS
LIGHTING ZONE
USE CLASS AND LAMP TYPE

E4

E3

E2

E1

F

F

F

F

A(1)

A(1)

A(1)

F

F

F

F

F

A(1)

A(1)

A(1)

F

F

F

X

X

A(1)

A(1)

F

F

F

F

F

F

Class 1 lighting (Color Rendition):
Initial output greater than or equal to 2000
lumens
Initial output below 2000 lumens (2)
Class 2 lighting (General Illumination):
Initial output greater than or equal to 2000
lumens
Initial output below 2000 lumens (2)
Class 3 lighting (Decorative)(3):
Initial output greater than or equal to 2000
lumens
Initial output below 2000 lumens (2)
Residential lighting (all classes)(4):
Initial output greater than or equal to 2000
lumens
Initial output below 2000 lumens (2)

A(1)

A(1) A(5)

A(5)

Fixture Use 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
Notes to Table 4.1
(1) Flood or spot lamps must be aimed no higher than 45 degrees above straight down
(half-way between straight down and straight to the side) when the source is visible from
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any off-site residential property or public roadway.
(2) 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.
(4) 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 is
not directly visible from any other residential property.
(See Reference 2: Origin of 45 degree limitation for spotlights and floodlights)
(See Reference 3: Discussion of 2000 lumen shielding split)
(See Reference 4: Examples of lamps with 2000 lumen and less)

4.2 Total exterior light output shall not exceed the limits in Table 4.2. Seasonal
decorations, permitted between Thanksgiving and 10 January, are not counted toward
these limits. (The values in this table are upper limits and not design goals; design goals
should be the lowest levels that meet the requirements of the task.)
Table 4.2 MAXIMUM TOTAL Exterior LIGHT OUTPUT STANDARDS
LUMEN CAPS - INITIAL LUMENS PER NET ACRE
LIGHTING ZONE
E4

E3

E2

E1

Commercial and Industrial zoning (1)
total (shielded + unshielded)

200,00
100,000 50,000
0

unshielded only

10,000

10,000

4,000

2,000

20,000

10,000

10,000

10,000

5,000

5,000

1,000

1,000

25,000

Residential zoning (2,3)
total (shielded + unshielded)
unshielded only

Notes to 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, including 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
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allowed up to 5,500 total lumens, 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 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).
(See Reference 2: Origin of 45 degree limitation for spotlights and floodlights)
(See Reference 5: Discussion of lumens per net acre caps)
(See Reference 6: Equivalent lumens/acre, lumens/hectare and lumens/meter2 values)
(See Reference 7: Origin of 5500 lumen unshielded cap)
(See Reference 8: Alternative section 4.2 with LPS requirement)

4.3 All light fixtures that are required to be shielded shall be installed and maintained in
such a manner that the shielding is effective as described in the definition in Section 16 for
fully-shielded fixtures.
4.4 Beyond the shielding requirements of Section 4.1, all light fixtures shall be located,
aimed or shielded so as to minimize stray light trespassing across property boundaries.
Particularly, any lamp installed on a residential property and visible from any other
residential property must be shielded such that it is not directly visible from that
property.
4.5 Multi-class lighting must conform to the shielding and timing restrictions, if any, that
apply to the most restrictive included class.
(See Reference 9: Example applications of Section 4)

5. Outdoor Advertising Signs
Most civil regulations affecting signage will be contained in a Sign Code, and coordinating the
lighting aspects of signage addressed in the Exterior Lighting Code with the Sign Code is
essential. It is a good idea to include a reference within the sign code to this section of the lighting
code.
Lighting of signs is an important lighting issue. After area lighting, commercial sign lighting is one
of the largest sources of light in commercial districts. The uplight, glare, and aesthetic impacts of
signage depend very strongly on the design of the sign and its lighting.
The Model Wisconsin Exterior Lighting Code includes requirements that all exterior lighting for
signage be down-directed, with shielding and lamp type standards the same as for any other
lighting. Some billboard manufacturers or operators may claim that such lighting cannot be done
or is impractical, but many jurisdictions have been successful in requiring such lighting. Some
jurisdictions (Flagstaff and Coconino County, as well as the state of Vermont) either prohibit
lighting of such "off-site" signs (off the site of the advertised business), or prohibit such signs
altogether. The Model Wisconsin Exterior Lighting Code includes a prohibition against lighting of
off-site signs in some areas (Section 9.4).
Internally illuminated signs are by their nature unshielded light sources; in communities with good
light shielding practice, the light emanating from such signs are a major remaining source of direct
uplight. Styles of signage with decreased background luminance can greatly reduce overall sign
lighting outputs at the same time that they improve legibility and advertising effectiveness.
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White-background signs or signs with yellow or other bright backgrounds, with darker text,
produce the greatest amount of light. Colored backgrounds with lighter text and symbols often
convey information more effectively and attractively, at the same time that overall light output is
reduced to typically one-half or one-fourth of a white-background sign of the same size. Even the
common "reader panels" with changeable text can be fitted internally with colored films to reduce
the output by substantial amounts without compromising the visibility of the text. Most efficient of
all are signs with opaque backgrounds (or no backgrounds) - these signs can have extremely
good legibility but produce often less than one-tenth the light output of the white background sign
of equivalent size.

Section 5. Outdoor Advertising Signs

5.1 External illumination for signs shall conform to all provisions of this Code. In particular,
such lighting shall be treated as Class 1 lighting and shall conform to the lamp source,
shielding restrictions and lumen caps of Section 4. All upward-directed sign lighting is
prohibited.
(See Reference 10: Discussion of internally illuminated sign colors)
(See Reference 11: Off-site sign illumination)

5.2 Internally illuminated and neon signs.
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 lighting extending beyond the area considered to be the sign area
(as defined in the Sign Code of this jurisdiction) shall conform to all 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.
(See Reference 12: Sign styles with smaller light pollution impacts)

5.3 Illumination for all advertising signs, both externally and internally illuminated, shall be
turned off at the curfew times listed in Table 5.3 or when the business closes, whichever is
later. Signs subject to curfews are required to have functioning and properly adjusted
automatic shut-off timers. Light background (white, off-white, light gray, cream or yellow)
internally illuminated signs, installed legally before enactment of this code [enter date],
may continue to be used and illuminated but must conform to the curfews as indicated.
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Table 5.3 ILLUMINATED SIGN CURFEWS
LIGHTING ZONE
Sign Type and Land Use Zone(1)

E4

E3

E2

E1

Commercial and Industrial zoning
Opaque Background

12am 12am 11pm

11pm

Colored Background

12am 12am 11pm

N/P

Light Background

10pm 10pm 9pm

N/P

Opaque Background

11pm 11pm 10pm

9pm

Colored Background

11pm 11pm 10pm

9pm

All residential zoning

Light Background
8pm 8pm 8pm
8pm
Notes 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.
(2) N/P means that such signs are not permitted.
6. Special Uses
These are relatively uncommon, mostly high-intensity lighting uses with large potential obtrusive
impacts that justify special treatment. The Model Wisconsin Exterior Lighting Code requires
professional design for some, which can have cost implications. The temptation to include such
technical and specific restrictions in the lighting code for many uses should be resisted, since such
a path can lead to inflexibility and the jurisdiction trying to specify, understand and enforce designs
and specifications that professional lighting designers take years to learn.
High-intensity lighting systems, such as those used for many sports activities, can have
tremendous impacts on nearby properties, and even on properties up to considerable distances if
the design is poor. The requirements for high levels of illumination, combined with the large areas
to be illuminated and the large setback distances necessary to keep the lighting standards away
from the field, together combine to make it extremely challenging for designers to keep lighting
and glare levels in the surrounding areas under good control.
For these reasons, good community land-use planning attempts to avoid the juxtaposition of such
uses with uses that are adversely affected by this spill light, principally residential uses. Glare into
nearby roadways must also be carefully considered. Even with such planning, trespass and glare
can be very obtrusive, even hazardous, unless the utmost care and skill is utilized in the selection
of luminaires and the design.
The Model Wisconsin Exterior Lighting Code requires that some special uses (athletic fields and
display lots) be designed and certified after construction by a registered engineer. Though such a
requirement has significant cost implications, the budgets for such projects are already usually
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large, and the relative impact of the professional design is therefore small. Service station canopy
lighting is an exception, which is addressed though lumens per square foot caps similar to the
lumens per acre caps of Section 4.2.
Codes that attempt to restrict pole heights can give unexpected negative results, in sports lighting
or in any area lighting (See: Should a lighting code limit pole heights? ). The use of short poles
can in some cases be accommodated by increasing the number of poles, though this will increase
the cost. But overly restricting the height, especially in sports lighting, in an attempt to decrease
the obtrusiveness of the poles against the landscape, or even in an attempt to reduce the spread
of the light into neighboring areas, can in fact cause the lighting to be more obtrusive by forcing
the designer to aim the lights closer to the horizon in an attempt to adequately illuminate areas
located far from the poles.

Section 6: Special Uses

6.1 Recreational Facilities.
A.
Lighting for outdoor athletic fields, courts or tracks in Lighting Zones E1 -- E4 shall
be considered Class 1 (Color Rendition), and shall be exempt from the lumens per
acre limits of Section 4.2.
B.
Shielding: In Lighting Zones E1 -- E4, fully shielded lighting is required for fields
designed for Class III or IV levels of play (typically amateur or municipal league,
elementary to high school, training, recreational or social levels). 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 offsite 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 Illuminating
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 design. For Class III and IV 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 II levels, a design goal of 7.5 lux (0.75 fc) at
any location on any non-residential property, and 1.5 lux (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.
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F.

Curfew: All events shall be scheduled so as to complete all activity before the curfew
listed in Table 6.1. Illumination 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.
Table 6.1 SPORTS FACILITY AND DISPLAY LOT LIGHTING CURFEWS
LIGHTING ZONE
E4

E3

E2

E1

12am

11pm

11pm

10pm

6.2 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 Illuminating Engineering
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 5 lux (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.
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 lumens 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 Section 4.2.
(See Reference 13: Lumen cap exemption for display lots)

6.3 Service 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
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C.

foot) of canopy in Lighting Zones E3 and E4, and shall not exceed 215 lumens per
square meter (twenty lumens per square foot) in Lighting Zones E1 and E2. All
lighting mounted under the canopy, including but not limited to luminaires 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.
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 16.24. Other lighting located under a canopy but not mounted on or within
the lower surface is included toward the lumen caps in Section 4.2 at full initial
output.
(See Reference 14: LPS/other lamp type mix for color rendition with LPS energy savings)
(See Reference 15: Further information on canopy lighting)

6.4 All lighting not directly associated with the special use areas above shall conform to
the lighting standards described in this Code, including but not limited to the lamp type
and shielding requirements of Section 4.1 and the lumens per acre limits of Section 4.2.
The net acreage for the determination of compliance with Section 4.2 shall not include the
area of the athletic field or outdoor display lot, as defined in Section 16.21; the area of any
service station canopy shall be included in the net acreage.
7. Submission of Plans and Evidence of Compliance with Code, Subdivision Plats
Here is the functional heart of the lighting code - the information required must be both relatively
easy to come by, simple to understand for planning staff, and sufficient to assure compliance with
the standards of the lighting code. There is a delicate balance between these aspects. Forms to
collect the information required are included in the.

Section 7. Submission of Plans and Evidence of Compliance with Code, Subdivision
Plats

7.1 Submission Contents. The applicant for any permit required by any provision of the
laws of this jurisdiction in connection with proposed work involving exterior lighting fixtures
shall submit (as part of the application for permit) evidence that the proposed work will
comply with this Code. Even should no other such permit be required, the installation or
modification (except for routine servicing and same-type lamp replacement) of any exterior
lighting shall require submission of the information described below. The submission shall
contain but shall not necessarily be limited to the following, all or part of which may be part
or in addition to the information required elsewhere in the laws of this jurisdiction upon
application for the required permit:
•Plan indicating the location on the premises of each illuminating device, both
proposed and any already existing on the site;
•Description of all illuminating devices, fixtures, lamps, supports, reflectors, both
proposed and existing. The description may include, but is not limited to, catalog
cuts and illustrations by manufacturers (including sections where required);
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•Photometric data, such as that furnished by manufacturers, or similar showing
the angle of cut off of light emissions.
7.2 Additional Submission. The above required plans, descriptions and data shall be
sufficiently complete to enable the designated official to readily determine whether
compliance with the requirements of this Code will be secured. If such plans, descriptions
and data cannot enable this ready determination, the applicant shall additionally submit
as evidence of compliance to enable such determination such certified reports of tests as
will do so provided that these tests shall have been performed and certified by a
recognized testing laboratory.
7.3 Subdivision Plats. If any subdivision proposes to have installed street or other
common or public area exterior lighting, submission of the information as described in
Section 7.1 shall be required for all such lighting.
7.4 Lamp or Fixture Substitution. Should any exterior light fixture or the type of light
source therein be changed after the permit has been issued, a change request must be
submitted to the designated official for approval, together with adequate information to
assure compliance with this Code, which must be received prior to substitution.
7.5 If the designated official determines that the proposed lighting does not comply with
this Code, the permit shall not be issued or the plan approved.
7.6 For all projects where the total initial output of the proposed lighting equals or
exceeds 50,000 lamp lumens, certification that the lighting, as installed, conforms to the
approved plans shall be provided by a certified engineer before the certificate of occupancy
is issued. Until this certification is submitted, approval for use of a Certificate of
Occupancy shall not be issued for the project.
8. Approved Materials and Methods of Construction or Installation/Operation
This section provides a method for addressing any lighting designs or developments that have not
been addressed in the code. As written in the Model Wisconsin Exterior Lighting Code, it provides
a no-cost approach for innovations that otherwise would have to be addressed through the
jurisdiction's variance procedures. It is not often used in most codes.
Care must be exercised in deciding who will make the decision in these cases. As written here,
the local planning official is suggested as most appropriate, since an official employed by the
community is charged with overseeing the community's interests in evaluating the proposal. If
there is a need for technical evaluation beyond the expertise of the designated official, outside
advice can be solicited from the local lighting advisory group (See: Ongoing education in exterior
lighting ), or from a professional lighting designer hired for the occasion.
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Section 8. Approved Materials and Methods of Construction, Installation and
Operation

8.1 The provisions of this Code are not intended to prevent the use of any design, material,
or method of installation or operation not specifically prescribed by this Code, provided any
such alternate has been approved by the designated official. The designated official may
approve any such proposed alternate providing he/she finds that it:
A.
Provides at least approximate equivalence to that applicable specific requirements
of this Code
B.
Is otherwise satisfactory and complies with the intent of this Code.
9. Prohibitions
Beyond the lighting standards detailed in the code, it is useful to address some specific areas that
may arise. As a practical concern, to improve compliance especially in situations where permits
are not taken or required, the sale of non-conforming fixtures is prohibited. This kind of wording
has proved useful in informing retailers about lighting issues and making sure that they offer only
fixtures that conform to the community's standards for exterior lighting.

Section 9. Prohibitions
9.1 Sale of Non-Conforming Fixtures and Lamps. The installation, sale, offering for sale,
lease or purchase of any exterior lighting fixture or lamp the use of which is not allowed by
this Code is prohibited.
9.2 Laser Source Light. The use of laser source light or any similar high intensity light for
outdoor advertising or entertainment, when projected above the horizontal, is prohibited.
9.3 Searchlights. The operation of searchlights for advertising purposes is prohibited.
9.4 Outdoor Advertising Off-Site Signs. Illumination of outdoor advertising off-site signs
is prohibited in Lighting Zones E2,and E1.
10. Temporary Exemption
Some users of temporary lighting cannot reasonably work within the constraints of the lighting
code. Examples are nighttime highway construction crews and carnivals. This section provides
an avenue to address the issues that can be addressed (highway crews can exercise care in the
direction they aim the floodlights, for example), and a way of limiting the time-span for such
lighting.

Section 10. Temporary Exemption
10.1 Request; Renewal; Information Required. Any person may submit, on a form prepared
by the jurisdiction, to the designated official, a temporary exemption request. The request
shall contain the following information:
• Specific Code exemption(s) requested;
• Duration of requested exemption(s);
• Proposed location on premises of the proposed light fixture(s);
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• Purpose of proposed lighting;
• Information for each luminaire and lamp combination as required in section 7.1;
• Previous temporary exemptions, if any, and addresses of premises thereunder;
• Such other data and information as may be required by the designated official.
10.2 Approval; Duration. The designated official shall have five (5) business days from the
date of submission of the request for temporary exemption to act, in writing, on the
request. If approved, the exemption shall be valid for not more than thirty (30) days from
the date of issuance of the approval. The approval shall be renewable upon further written
request, at the discretion of the designated official, for a maximum of one (1) additional
thirty (30) day period. The designated official is not authorized to grant more than one
(1) temporary permit and one (1) renewal for a thirty (30) day period for the same property
within one (1) calendar year.
10.3 Disapproval; Appeal. If the request for temporary exemption or its extension is
disapproved, the person making the request will have the appeal rights provided in Section
12.
11. Other Exemptions
Section 11.1 specifies the “grandfather” rules for previously installed non-conforming lights. See
also Section 3, which describes how the standards apply to new lighting and the conditions under
which lighting is considered to be new.
Section 11.2 concerns the issue of eminent domain - state and federal bodies are not legally
constrained by local codes, and they of course know this. In many areas though such
organizations will cooperate with the local planning bodies, submitting building plans for example
as a courtesy for review. This subsection simply states that such a process is encouraged for
lighting as well. The effective way to make sure it happens, though, is to have your
representatives (city council, county supervisor, etc.) make contact with the local representatives
of any state or federal operations, inform them of the issues and the code, and gain their personal
assurance that they will cooperate with the community. This contact will need renewal on an
intermittent basis.

Section 11. Other Exemptions

11.1 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 exterior 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 change 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.
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11.2 State and Federal Facilities. Compliance with the intent of this Code at all State and
Federal facilities is encouraged.
11.3 Emergency Lighting. Emergency lighting, used by police, firefighting, or medical
personnel, or at their direction, is exempt from all requirements of this code for as long as
the emergency exists.
11.4 Swimming Pool and Fountain Lighting. Underwater lighting used for the illumination of
swimming pools and fountains is exempt from the lamp type and shielding standards of
Section 4.1, though it must conform to all other provisions of this code.
12 - 15. Legal sections to be modified to conform to local jurisdictions

Section 12. Appeals
Any person substantially aggrieved by any decision of the designated official made in
administration of the Code has the right and responsibilities of appeal to the
Advisory/Appeals Board of this jurisdiction.
Section 13. Law Governing Conflicts
Where any provision of federal, state, county, township or city statutes, codes, or laws
conflicts with any provision of this Code, the most restrictive shall govern unless otherwise
regulated by law.
Section 14. Violation and Penalty
It shall be a civil infraction for any person to violate any of the provisions of this Code.
Each and every day or night during which the violation continues shall constitute a
separate offense. A fine shall be imposed of not less than fifty dollars nor more than
seven hundred dollars for any individual or not less than 100 nor more than ten thousand
dollars for any corporation, association, or other legal entity for each offense. The
imposition of a fine under this Code shall not be suspended.
Section 15. Severability
If any of the provisions of this Code or the application thereof is held invalid, such invalidity
shall not affect other provisions or applications of this Code which can be given effect, and
to this end, the provisions of this Code are declared to be severable.
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16. Definitions
Definitions in a lighting code are the vocabulary of effective lighting control and to some extent
quality lighting; they must be approached with the understanding of who must understand and use
them. Quality lighting is a complex and evolving subject, practiced by professionals with extensive
training in aspects of electrical, photometric and visual science, technology and application.
Lighting codes are not intended to replace this training or the extensive professional manuals used
by such designers, but instead are primarily intended for use and implementation by planning
departments at city and county level.
Where at all possible, reliance on technical definitions should be avoided. Though a technical
definition may be more precise, precision does not help if the person using the definition does not
have the training or practical background to understand and apply it. The persons who must
understand and use the lighting code are planners, developers, small business owners,
homeowners, engineers, and everyday citizens. Only a few of these persons have the training to
understand definitions like these:
Full Cutoff Light Fixture. A light fixture with a light distribution where no candela occur
at or above an angle of 90 degrees above nadir. Additionally, the candela per 1000 lamp
lumens does not numerically exceed 100 (10%) at a vertical angle 80 degrees above
nadir. This applies to all lateral angles around the luminaire.
Lumen. The luminous flux emitted within a unit solid angle (one steradian) by a point
source having uniform luminous intensity of one candela.
Most don't. There are ways around this kind of problem in almost all cases. For example, the
Model Wisconsin Exterior Lighting Code has these definitions:
Fully Shielded Light Fixture. A light fixture constructed in such a manner that all light
emitted by the fixture, either directly from the lamp or a diffusing element, or indirectly by
reflection or refraction from any part of the luminaire, is projected below the horizontal.
Lumen. Unit of luminous flux; used to measure the amount of light emitted by lamps.
Almost nothing is lost, but now almost all users will be able to understand the definitions.
Much care has gone into creating many of the following definitions based on long experience
gained with the application of real lighting codes, be careful if you modify any - the implications to
and interpretations of other users must be a fully appreciated.

Section 16. Definitions

As used in this Code, unless the context clearly indicates otherwise, certain words and
phrases used in this Code shall mean the following:
16.1 Class 1 Lighting. All exterior lighting used for, but not limited to, exterior sales or
eating areas, assembly 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. Designation of lighting as Class 1 requires a finding by the
Planning Director of the essential nature of color rendition for the application. Recognized
Class 1 uses are: outdoor eating and retail food or beverage service areas; outdoor
maintenance areas; display lots; assembly areas such as concert or theater
amphitheaters.
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16.2 Class 2 Lighting. All exterior 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.
16.3 Class 3 Lighting. Any exterior lighting used for DECORATIVE effects including, but
not limited to, architectural illumination, flag and monument lighting, and illumination of
trees, bushes, etc.
16.4 Development Project. Any residential, commercial, industrial or mixed use subdivision
plan or development plan which is submitted to the City for approval.
16.5 Direct Illumination. Illumination resulting from light emitted directly from a lamp or
luminaire, not light diffused through translucent signs or reflected from other surfaces
such as the ground or building faces.
16.6 Directly Visible. Allowing a direct line-of-sight to the light source or lamp.
16.7 Display Lot or Area. Outdoor areas where active nighttime sales activity occurs AND
where accurate color perception of merchandise by customers is required. To qualify as a
display lot, one of the following specific uses must occur: automobile sales, boat sales,
tractor sales, building supply sales, gardening or nursery sales, assembly lots, swap meets.
Uses not on this list must be approved as display lot uses by the Planning Director.
16.8 Flood Lamp. A specific form of lamp designed to direct its output in a specific
direction (a beam) but with a diffusing glass envelope: Such lamps are so designated by
the manufacturers and are typically used in residential outdoor area lighting.
16.9 Footcandle. One lumen per square foot. Unit of illuminance. It is the luminous flux
per unit area in the Imperial system. One footcandle equals approximately 0.1 (0.093) lux.
16.10 Full Cutoff Light Fixture. A luminaire light distribution where no light is emitted
above the horizontal, and where the intensity at 80 degrees from nadir is no greater than
100 candela per 1000 lamp lumens. [This definition is not used in the Model Wisconsin
Exterior Lighting Code.]
16.11 Fully Shielded Light Fixture. A lighting fixture constructed in such a manner that all
light emitted by the fixture, either directly from the lamp or a diffusing element, or
indirectly by reflection or refraction from any part of the luminaire, is projected below the
horizontal as determined by photometric test or certified by the manufacturer. Any
structural part of the light fixture providing this shielding must be permanently affixed.
(See Reference 16: Shielding and cutoff terminology)
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(See Reference 17: How to recognize fully shielded fixtures)
(See Reference 18: Fully shielded lights and aiming of adjustable luminaires)

16.12 Glare. The sensation produced by a bright source within the visual field that is
sufficiently brighter than the level to which the eyes are adapted to cause annoyance,
discomfort, or loss in visual performance and visibility. The magnitude of glare depends on
such factors as the size, position, brightness of the source, and on the brightness level to
which the eyes are adapted.
16.13 Installed. The attachment, or assembly fixed in place, whether or not connected to a
power source, of any exterior light fixture.
16.14 Light pollution. Any adverse effect of manmade light.
16.15 Light Trespass. Light falling where it is not wanted or needed, typically across
property boundaries.
16.16 Lighting Zones. The five lighting zones are defined on the Lighting Zone Map, by this
reference made a part of this Code. A parcel located in more than one of the Lighting
Zones described in Section 16.16.A-E shall be considered to be only in the more restrictive
Lighting Zone. Guidelines used to guide the delineation of the lighting zones are:
16.16.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.
16.16.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.
16.16.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.
16.16.D Lighting Zone E1. 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.
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16.17 Lumen. Unit of luminous flux; used to measure the amount of light emitted by lamps.
16.18 Luminaire. The complete lighting assembly, less the support assembly. For purposes
of determining total light output from a luminaire, lighting assemblies which include
multiple unshielded or partially shielded lamps on a single pole or standard shall be
considered as a single unit.
16.19 Lux. One lumen per square meter. Unit of illuminance. It is the luminous flux per unit
area in the metric system. One lux equals approximately 10 (10.8) foot candles.
16.20 Multi-class Lighting. Any exterior lighting used for more than one purpose, such as
security and decoration, such that its use falls under the definition of two or more classes
as defined for Class 1, 2 and 3 Lighting.
16.21 Net Acreage. The remaining area after deleting all portions for proposed and
existing streets within a development parcel or subdivision. For parcels including those
special uses listed in Section 6 that are exempted from the lumens per acre caps of
Section 4.2 (recreational facilities and outdoor display lots), the area devoted to the
special use shall also be excluded from the net acreage.
16.22 Opaque. Opaque means that a material does not transmit light from an internal
illumination source. Applied to sign backgrounds, means that the area surrounding any
letters or symbols on the sign either is not lighted from within, or allows no light from an
internal source to shine though it.
16.23 Exterior light fixture. An outdoor illuminating device, outdoor lighting or reflective
surface, lamp or similar device, permanently installed or portable, used for illumination or
advertisement. Such devices shall include, but are not limited to lights used for:
• Parking lot lighting;
• Roadway lighting;
• Buildings and structures;
• Recreational areas;
• Landscape lighting;
• Billboards and other signs (advertising or other);
• Product display area lighting;
• Building overhangs and open canopies.
16.24 Exterior Light Output, Total. The maximum total amount of light, measured in
lumens, from all exterior light fixtures. For lamp types that vary in their output as they
age (such as high pressure sodium, fluorescent and metal halide), the initial output, as
defined by the manufacturer, is the value to be considered. For determining compliance
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with Section 4.2 [Total Exterior Light Output] of this Code, the light emitted from exterior
light fixtures is to be included in the total output as follows:
A.
Exterior light fixtures installed on poles (such as parking lot luminaires) and light
fixtures installed on the sides of buildings or other structures, when not shielded
from above by the structure itself as defined in parts B, C and D below, are to be
included in the total exterior light output by simply adding the initial lumen outputs
of the lamps used;
B.
Exterior light fixtures installed under canopies, buildings (including parking garage
decks), overhangs or roof eaves where all parts of the lamp or luminaire are located
at least five (5) feet but less than ten (10) feet from the nearest edge of the
canopy or overhang are to be included in the total exterior light output as though
they produced only one-quarter (0.25) of the lamp's rated initial lumen output;
C.
Exterior light fixtures installed under canopies, buildings (including parking garage
decks), overhangs or roof eaves where all parts of the lamp or luminaire are located
at least ten (10) feet but less than thirty (30) feet from the nearest edge of the
canopy or overhang are to be included in the total exterior light output as though
they produced only one-tenth (0.10) of the lamp's rated initial lumen output.
D.
Exterior light fixtures installed under canopies, buildings (including parking garage
decks), overhangs or roof eaves where all parts of the lamp or luminaire are located
thirty (30) or more feet from the nearest edge of the canopy or overhang are not to
be included in the total exterior light output. Such lamps must however conform to
the lamp source and shielding requirements of Section 4.
(See Reference 15: Further information on canopy lighting)
16.25 Outdoor Recreation Facility. An area designed for active recreation, whether
publicly or privately owned, including, but not limited to, baseball diamonds, soccer and
football fields, golf courses, tennis courts and swimming pools.
16.26 Person. any individual, tenant, lessee, owner, or any commercial entity including but
not limited to firm, business, partnership, joint venture or corporation.
16.27 Sign, Externally Illuminated. A sign illuminated by light sources from the outside.
16.28 Sign, Internally Illuminated. A sign illuminated by light sources enclosed entirely
within the sign cabinet and not directly visible from outside the sign.
16.29 Sign, Neon. A sign including luminous gas-filled tubes formed into text, symbols or
decorative elements and directly visible from outside the sign cabinet.
16.30 Sky Glow. The brightening of the night sky that results from the scattering of
artificial visible radiation from the constituents of the atmosphere.
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16.31 Spot Lamp. A specific form of lamp designed to direct its output in a specific
direction (a beam) and with a clear or nearly clear glass envelope: Such lamps are so
designated by the manufacturers, and typically used in residential outdoor area lighting.
16.32 Temporary Lighting. Lighting which does not conform to the provisions of this Code
and which will not be used for more than one thirty (30) day period within a calendar year,
with one thirty (30) day extension. Temporary lighting is intended for uses which by their
nature are of limited duration; for example holiday decorations, civic events, or construction
projects.

16.33 Use, Abandonment of. The relinquishment of a property, or the cessation of a use
or activity by the owner or tenant for a period of six months, excluding temporary or short
term interruptions for the purpose of remodeling, maintaining, or otherwise improving or
rearranging a facility. A use shall be deemed abandoned when such use is suspended as
evidenced by the cessation of activities or conditions which constitute the principle use of
the property.

Code References
1: Roadway Lighting Standards
In most communities, roadway lighting is specified by engineering standards. Such standards
may include technical requirements such as average illuminance and uniformity, specific
luminaires, mounting heights, pole spacing and location relative to roadsides, curbs or sidewalks,
overhangs, lamps type and wattage, even paint or finish colors. The exemption in Section 3 is not
intended to imply that roadway lighting need not be of good quality and conform to the goals of the
lighting code, but the most appropriate vehicle to address such lighting is often engineering
standards.
If your community does not have such standards, then the exemption of Section 3.4 should be
deleted. If it does have relevant engineering standards, then you must work with the engineering
department to assure that the standards are consistent with the lighting code. Roadway lighting
should be fully shielded, and the use of the most efficient source (LPS) should also be considered.
Fixtures with minimal across-road and "house side"glare should be specified. If illumination levels
are part of the standards, minimum levels consistent with safety and utility should be specified;
many communities do not specify any roadway lighting in residential areas.

2: Origin of 45 Degree Limitation for Spotlights and Floodlights
Forty five degrees is not based on any specific intensity distribution for such lamps, and there is
such a tremendous variety of manufacturers and designs for these kinds of lights, so that a
specific figure is difficult to justify based on such distribution patterns. But a 45-degree downward
aim will ameliorate the glare from such lights, and it is simple to apply and verify as it is half-way
between straight down and straight to the side. As written in the Model Wisconsin Exterior
Lighting Code, if the output of a lamp is above 2000 lumens, it must be fully shielded; the
45-degree specification will apply to only lower-output lamps, including up to 100 watt
incandescent R, ER and PAR lamps.
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A 45-degree down-tilt will control the worst glare from floodlights. The illustrated pattern is 40/60
degrees full width at 50%/10% of peak candlepower, a typical PAR-38 floodlight pattern.

3: Discussion of 2000 lumen Shielding Split
Relaxing shielding standards for low-output lamps increases flexibility for such lamps. This is
particularly helpful for residential lighting, where well-shielded fixtures are hard to find and the
obtrusive impacts may be considered minimal in many situations. The 2000 lumen figure is
consistent with the lamp types listed under (See Reference 4: Examples of lamps with 2000 lumen
and less).
An unfortunate and unintended side-effect of this approach in lighting codes is that some users
may attempt to use many low-output poorly shielded lights instead of fewer high-output shielded
lights, perhaps in an attempt at minimizing initial hardware costs or because of a desire to use a
particular luminaire with poor optical control because of it's aesthetic appearance. The worst
consequences of this tendency (excessive glare and uplight) are mitigated by setting the lumen
value of the split no higher than 2000 or 3000 lumen, and by having a strict cap on the unshielded
lumens per net acre (Section 4.2). But those applying the code should be encouraged to attach
real meaning to the definition of "A" in Table 4.1: "all types of fixtures allowed; shielding not
required but highly recommended..." should mean that unshielded lights, even of low output,
should be allowed only if shielded lighting is not practical or feasible. The goal for all general
lighting (class 2) should be 100% fully shielded.

4: Examples of Lamps with 2000 lumen and Less
The acceptability and shielding restrictions applicable to a particular lamp are decided by its initial
lumen output, not wattage; check manufacturer's specifications. Examples of lamp types of 2000
lumens and below are
•
100 Watt Standard Incandescent
•
15 Watt Cool White Fluorescent
•
15 Watt Compact Fluorescent
•
18 Watt Low Pressure Sodium

5: Discussion of Lumens per Net Acre Caps
Analyses of recommended lighting practices and many examples of commercial development
show that the lumens per acre limits of Table 4.2 for Lighting Zones E4 and E3 (200,000 and
100,000 lumens per net acre) allow sufficient lighting for efficient and safe lighting of outdoor
areas. These limits have scant impacts on typical lighting designs and practices even in large
cities with higher-intensity lighting. The limits for Lighting Zone E2 (50,000 lumens per net acre)
may require some adjustments to typical designs to concentrate light, but allow illuminances
consistent with recommended practices for low-activity levels with efficient lighting design. The
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limits for Lighting Zones E1 are lower than typically used by commercial activities with even low
activity levels, and are to large degree incompatible with commercial development without
considerable increases in the proportion of land area left unlighted on developed parcels.
The approach of limiting lumens per acre is used in large part because of its simplicity of
application and to avoid the wide use of technical specifications and the concomitant imposition of
technical training and design complications on planning departments. A brief discussion of the
implications of these caps on illumination levels is helpful to provide perspective for these
unfamiliar limits and their general impacts on lighting levels.
An estimate of the average lighting levels with these lumen per acre caps for large area lighting
(such as parking lots) can be obtained from the following considerations, starting with per acre raw
output lumen totals:
25,000 or 50,000 or 100,000 or 200,000 lumens
If the entire acre (43,560 f2) needed illumination, this amount of raw initial lamp lumen output
would give these average initial illuminances, assuming a Coefficient of Utilization (CU) of 0.45.
(The CU describes how much of the light emitted by the lamp is directed onto the area of interest in this case, 45%, a figure typical for parking lots of about one acre.)
3 or 6 or 11 or 22 lux
(0.3 or 0.5 or 1.0 or 2.1 foot candles)
Since each parcel is allowed to use the entire net acreage to determine the lumen allowance, and
since some of the property will not require outdoor illumination (e.g. the building footprint and
landscaping), the average values in the lighted areas will be higher than these figures. Light Loss
Factors (LLF) will dim metal halide lighting to as low as about 55% of the initial values (LLD=0.65,
LDD=0.85) and 62% for high-pressure sodium (LLD=0.73, LDD=0.85), whereas low-pressure
sodium will suffer a depreciation of 10% or less (LLD=1.00, LDD> 0.90).
These average illuminances for 50,000 lumens per acre and above compare favorably with IESNA
recommendations for roadways, pedestrian areas and parking facilities (assuming average,
minimum uniformity ratios somewhat better than the recommended maximum), though public
roadway areas and illumination systems are not included in the lumen caps or net acreage as
defined in the Model Wisconsin Exterior Lighting Code. At 50,000 lumens per acre the illumination
levels are comparable with IESNA recommended practice for low activity level general parking
facilities (See: IESNA RP-33) if average to minimum uniformity is 2.5:1 or better.
(Codes with lumen per acre caps presently in place include: the Flagstaff and Coconino County
codes, with caps at 25,000, 50,000 and a maximum 100,000 lm/acre; the Cottonwood (Arizona)
lighting ordinance with a cap of 100,000 lm/acre in all areas. At this writing the Tucson/Pima
County code is considering caps of 12,500 lm/acre to 250,000 lm/acre, depending on area and
lighting type.)

6: Equivalent Lumens/Acre, Lumens/Hectare and Lumens/Meter2 Values
If the overall lumen caps of Section 4.2 are recast in metric units, the equivalent values are shown
in the table below. If per square meter values are used, it must be emphasized that they are not
to be interpreted as lux or illuminance caps. In the U.S. parcel sizes are almost always
measured in acres, so the equivalent lumens per square foot values are not offered here: if used
in the lighting code they could also be misinterpreted as footcandle or illuminance caps, an
approach intentionally avoided in the lumens per acre approach (See: Should a lighting code
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specify lighting levels?). The values listed are approximately equivalent - if desired more exact
conversion can be obtained by multiplying lumens/acre by 2.471 to obtain lumens/hectare.
Lumens/Acre

Lumens/Hectare

Lumens/Meter2

200,000

500,000

50

100,000

250,000

25

50,000

120,000

12

10,000

25,000

2.5

5,000

12,000

1.2

2,000

5,000

0.50

1,000

2,500

0.25

7: Origin of 5500 Lumen Minimum-Unshielded Cap.
Single-family detached home residential parcels are commonly as small as 1/5 or 1/6 acre, or
even smaller. Rural properties are commonly an acre or larger. For larger properties, it is
appropriate to scale the lighting allowance with area, since many large parcels will have auxiliary
structures such as barns, shops or other outbuildings. But per acre lumen caps appropriate for
larger rural properties will give unreasonably small allowances for small suburban or urban lots;
conversely, per acre caps appropriate for small lots would give huge allowances for larger
properties.
The approach in the Model Wisconsin Exterior Lighting Code is to apply per acre caps
appropriate for larger properties, and establish minimum values that allow adequate lighting for
smaller properties. The minimum is based on the following list of lamps, which might be
considered typical for exterior residential lighting:
2 60W INC porch light
6 50W INC floodlights

2 X 855 lm = 1710 lm (Std A incandescent)
6 X 590 lm = 3540 lm (GE Std Halogen PAR-38)
------5250 lm

The limit at 5500 lumen rounds out this figure and allows for other
manufacturer's lamps.
Other values are reasonable, and should be used if the community feels another inventory is more
appropriate. Though there may be some concern in allowing such apparently large amounts of
lighting for residential uses, remember that most residential lighting is off most of the time. If 5500
lumen were to be on all the time, it might be considered obtrusive (but again, remember the strict
shielding standards in Table 4.1 References 1 and 5, Table 4.2 Reference 3, and Section 4.4), but
effective ways to address these rare instances, that are not overly restrictive for the majority of
users who leave most lights off most of the time, have not been discovered. Residences will be
permitted more than this minimum if the per acre cap is larger, which occurs for parcels of 0.28,
0.55 or 1.1 acre (in Lighting Zones E4, and E3-E1 respectively).
Though there is in principle no reason all residential lighting cannot be fully shielded, legal
restrictions are often impractical, and the effort and intrusion are usually unjustified for such
relatively minor light pollution impacts. It is difficult, though not impossible, to find quality shielded
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luminaires for low-output residential lighting (see the discussion under Residential Lighting). The
major light pollution impact of such lighting is usually light trespass and glare, and this problem is
addressed by requiring all lamps over 2000 lumen to be fully-shielded and any flood- or spotlights
under 2000 lumen to be directed downward 45 degrees when visible from any neighboring
property. Some communities do require that all lamps used in residential lighting must be fully
shielded, no matter how low the output; these restrictions can also be imposed through CC&Rs;
(Conditions, Covenants and Restrictions) and enforced by the local homeowners' association.

8: Alternative Section 4.2 with LPS Requirement
The use of LPS is strongly encouraged for general illumination (class 2 lighting) in all Lighting
Zones. The benefits of LPS are broad, extending beyond the usual arguments made for
astronomy (See: What Types of Lamps Are Used in Exterior Lighting?)
Replacing Section 4.2 in the Model Wisconsin Exterior Lighting Code with the following alternative
would have the effect of establishing an LPS requirement. As implemented here with the 90:10
LPS:non-LPS split, even Class 1 lighting can be effectively accomplished under this approach.
This limit comes from arguments about color perception discussed under Reference 14:
LPS:Other lamp type mix for color rendition with LPS energy savings.
It is not suggested to have non-LPS caps in residential areas. This is principally because the
overall light usage in residential areas is low, LPS is not available in low outputs usually used in
residential lighting (minimum is about 1800 lumens), and there is little selection and availability of
luminaires for residential application.
Alternative text for section 4.2 might read:
4.2. Total Exterior Light Output. Total exterior light output shall not exceed the limits in Table 4.2.
Seasonal decorations, permitted between Thanksgiving and 15 January, are not counted toward
these limits. (The values in this table are upper limits and not design goals; design goals should
be the lowest levels that meet the requirements of the task.)
LUMEN CAPS - INITIAL LUMENS PER NET ACRE
Table 4.2 MAXIMUM TOTAL Exterior LIGHT OUTPUT STANDARDS
LIGHTING ZONE
E4

E3

E2

E1

Commercial and Industrial zoning (1)
Total

(shielded + unshielded, LPS +
non-LPS)

200,000

100,000

50,000

25,000

Unshielded Only

10,000

10,000

4,000

2,000

Non-LPS

20,000

10,000

5,000

2,500

20,000

10,000

10,000

10,000

5,000

5,000

1,000

1,000

Residential zoning (2,3)
Total

(shielded + unshielded, LPS +
non-LPS)

Unshielded Only
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9: Example Applications of Section 4.
The shielding standards and lumen caps of Tables 4.1 and 4.2 in the Model Wisconsin Exterior
Lighting Code are summarized here as they apply for the various land uses in the five lighting
zones. The notes to the tables and other subsections of Section 4 affect details of the lighting
use, some of which are not shown here.
1)Residential single-home and duplex properties (per parcel)
Zone E1:
• All lamps 2000 lumen or greater must be fully shielded
• Any unshielded lights must be less than 2000 lumen each and must not be directly visible
from any other residential property
Maximum Lumens:
10,000 lm/AC or 5,500 lm (whichever is greater), all lights, including up to 1,000
lm/AC or 5,500 lm (whichever is greater), unshielded
Zone E2:
• All lamps 2000 lm or greater must be fully shielded
• Any unshielded lights must be less than 2000 lumen each and must not be directly visible
from any other residential property
Maximum Lumens:
10,000 lm/AC or 5,500 lm (whichever is greater), all lights, including up to 1,000
lm/AC or 5,500 lm (whichever is greater), unshielded
Zone E3:
• All lamps 2000 lumen or greater must be fully shielded
• Any unshielded lights must be less than 2000 lumen each; any flood or spot lights must
be aimed no higher than 45 degrees from straight down
Maximum Lumens:
10,000 lm/AC or 5,500 lm (whichever is greater), all lights, including up to
5,000 lm/AC or 5,500 lm (whichever is greater), unshielded
Zone E4:
• All lamps 2000 lumen or greater must be fully shielded
• Any unshielded lights must be less than 2000 lumen each; any flood or spot lights must
be aimed no higher than 45 degrees from straight down.
Maximum Lumens:
20,000 lm/AC or 5,500 lm (whichever is greater), all lights, including up to
5,000 lm/AC or 5,500 lm (whichever is greater), unshielded
2) Multiple Family, Commercial and Industrial (per parcel)
Zone E1:
• Class 1: all types and outputs permitted, fully shielded
• Class 2: all types and outputs permitted, fully shielded
• Class 3: all types under 2000 lm permitted, fully shielded
Maximum Lumens:
25,000 lm/AC, all lights, including up to
2,000 lm/AC, unshielded lights
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Zone E2:
• Class 1: all types and outputs permitted; over 2000 lumen must be fully shielded, under
2000 lumen no shielding restriction except all spot and flood lamps must be aimed no
higher than 45 degrees from straight down
• Class 2: all types and outputs permitted; over 2000 lumen must be fully shielded, under
2000 lumen no shielding restriction except all spot and flood lamps must be aimed no
higher than 45 degrees from straight down
• Class 3: all types under 2000 lumen permitted, fully shielded
Maximum Lumens:
50,000 lm/AC, all lights, including up to
4,000 lm/AC, unshielded lights
Zone E3:
• Class 1: all types and outputs permitted; over 2000 lumen must be fully shielded, under
2000 lumen no shielding restriction except all spot and flood lamps must be aimed no
higher than 45 degrees from straight down
• Class 2: all types and outputs permitted; over 2000 lumen must be fully shielded, under
2000 lumen no shielding restriction except all spot and flood lamps must be aimed no
higher than 45 degrees from straight down
• Class 3: all types and outputs permitted; over 2000 lumen must be fully shielded, under
2000 lumen no shielding restriction except all spot and flood lamps must be aimed no
higher than 45 degrees from straight down
Maximum Lumens:
100,000 lm/AC, all lights, including up to
10,000 lm/AC, unshielded lights
Zone E4:
• Class 1: all types and outputs permitted; over 2000 lumen must be fully shielded, under
2000 lumen no shielding restriction except all spot and flood lamps must be aimed no
higher than 45 degrees from straight down
• Class 2: all types and outputs permitted; over 2000 lumen must be fully shielded, under
2000 lumen no shielding restriction except all spot and flood lamps must be aimed no
higher than 45 degrees from straight down
• Class 3: all types and outputs permitted; over 2000 lumen must be fully shielded, under
2000 lumen no shielding restriction except all spot and flood lamps must be aimed no
higher than 45 degrees from straight down
Maximum Lumens:
200,000 lm/AC, all lights, including up to
10,000 lm/AC, unshielded lights

10: Discussion of Internally Illuminated Sign Colors
Codes which simply prohibit signs with "white backgrounds" have encountered trouble with
designers asking if a very slight tint of yellow, cream or other nearly-white color will be allowed.
The intention is to encourage the approach where the information on the sign (text and logos) is
the more brightly illuminated portion, which leads to better legibility and effectiveness with
decreased light outputs. Standards for colored backgrounds that are not "white, off-white, cream
or yellow" should encourage this understanding.
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11: Off-site Sign Illumination
Some jurisdictions prohibit the lighting of signs that are not located on the same parcel as the
advertised business.
Alternative text for section 5 might read:
5.1 External illumination for on-site signs (signs located on the same parcel as the
business they are advertising or providing information for) shall conform to all provisions of
this Code. In particular, such lighting shall be treated as Class 1 lighting and shall conform
to the lamp source, shielding restrictions and lumen caps of Section 4.
5.2 Illumination of off-site advertising signs (signs located on a different parcel than the
business they are advertising or providing information for) is prohibited in all lighting zones.
A further alternative 5.2 might allow such sign lighting only in the brighter urban districts:
5.2 Illumination of off-site advertising signs is prohibited in Lighting zones E1 and E2.
External illumination for such signs in Lighting Zones E3 and E4 shall be included toward
any applicable limits in Table 4.2 for the parcel on which they are actually located.

12: Sign Styles with Less Impact
On average, colored-background signs have from 25% to 50% the total light output of white- or
light-background signs; opaque background signs have outputs from 5% to 50% of a
white-background sign (See the discussion under Section 5 Overview ). Though the Model
Wisconsin Exterior Lighting Code takes a middle approach (prohibiting only light-background
signs), requiring sign styles with lower outputs should be considered, either community-wide or in
the darker lighting zones (E2 and E1).
Opaque-background signs not only produce the least light pollution (usually by a wide margin),
they are also usually the most legible and therefore most effective for conveying information.
Another approach is to require low-output styles (for example opaque background) for signs
advertising businesses that are open all night (such as motels, hotels, service stations, etc), or
after a particular time of night (such as midnight).
A subsection implementing this latter approach might read:
5.x Internally illuminated signs on after midnight shall be designed with opaque
backgrounds and translucent letters and symbols. No colored-background or
white-background internally illuminated signs are to be illuminated after midnight.
Lighting used inside internally illuminated sign cabinets is not included toward any applicable
lumen caps, since the actual amount of light that escapes the sign is variable over a tremendous
range (from a percent or less of the lamp lumens to 50% or more, if white-background styles are
considered). To fairly include the actual outputs with such variation would require an difficult and
complex evaluation of the sign materials and details of the sign construction. A simpler and still
effective approach is to require lower output styles (such as colored or opaque backgrounds) and
limitations on sign numbers and sizes specified in the local sign code.

13: Lumen Cap Exemption For Display Lots
Display lots are exempted from the lumen caps, since the illumination goals for such lots may be
difficult to accommodate under the caps.
But at 100,000 lumens per acre and above, lighting for display lots could reach the lower IESNA
recommended average illuminance (50 lux or 5 footcandles) relatively easily for substantial
portions (20-30% or more) of a parcel, and therefore an exemption may not be necessary if such
proportions are judged sufficient. The feasibility of this approach for a given community must be
judged on the feasibility of limiting the proportion of a parcel illuminated as a display lot - some car
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dealerships, for example, illuminate virtually the entire parcel as a display lot, while others brightly
illuminate only the front "display" row adjacent to the parcel frontage.
At lower lumens per acre caps the design implications of removing the lumen cap exemption are
more severe, meaning that proportionately smaller portions of a parcel could reach the IESNA
recommended illuminance or that lower illuminances could be used. Lower illuminances are
certainly adequate for safety and good visibility of displayed items.

14: LPS:Other Lamp Type Mix for Color Rendition with LPS Energy Savings
Though service station canopy lighting could be principally LPS (color perception usually is not
regarded as necessary to pump gasoline), very good color rendition can be obtained with a small
amount of broad-spectrum lighting such as fluorescent. Studies have shown (See: Boynton and
Purl, Lighting Research and Technology, 21:23, 1989) that as little as 10% white light added to
LPS light permits nearly normal color perception. This is supported by experience in the Tucson
and Flagstaff areas, where LPS lighting is extensively used, and where some luminaires
combining both LPS and fluorescent lamps have been used.
In fact, for most service stations and especially service station / convenience store combinations,
white light from auxiliary lighting under the canopy (for example pump banners) or spill light from
the store front would usually provide enough white light for quite adequate color perception.
Otherwise, if spill light from other sources is insufficient, a few (fully shielded) fluorescent fixtures
can be added to the canopy to provide good color perception. If a typical canopy of 55 x 55 feet
uses 120,000 lumens total, a 90:10 mix would be obtained by using eight 90-watt LPS lamps
(13,500 lumens each) and four 39-watt F48T12/CW cool-white fluorescent lamps (3000 initial
lumens each).
Such a mixed-light system would retain most of the energy advantage of LPS, and provide good
color perception too. A pure metal halide system producing, 120,000 maintained lumens, would
require about 2.4 kW. A pure LPS system could provide the same maintained lumen level for
about 1.1 kW. A 90% LPS:10% fluorescent system would use about 1.4 kW. The mixed system
uses just over half the energy the pure metal halide system needs. Over one year this would
amount to about 2,000 kWh or about $150 in electrical cost savings alone (assuming half night
operation).

15: Further Information on Canopy Lighting
Service station canopies are the most conspicuous and common type of canopy, but other
canopies are seen for example covering the entrance area and adjacent driveway at hotel or motel
entrances. Since these canopies are generally not such a large proportion of a parcel's net
acreage as is seen for service stations, they will generally fit easily under the overall lumens per
net acre caps of Section 4.1, especially considering the "canopy factors" described in Section
16.23.C and D.
Two International DarkSky Association information sheets discuss issues related to service station
canopy lighting: IDA Information Sheet #150: Uplight Impacts of Canopy Lighting, describes how
the position of a fully shielded luminaire under a canopy affects how much light gets into the sky
after reflection off the ground.
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IDA Information Sheet #151: A Solution to Canopy Over-lighting describes lumens per square foot
caps for canopies that limit under-canopy illuminances to 5 and 10 footcandles maintained, values
recommended by the IESNA.
Note that the acreage devoted to special uses that are exempted from the lumens per acre caps
of Section 4.2 (athletic fields and display lots) are not included in a parcel's net acreage; acreage
for non-exempt special uses (service station canopies) are included in the net acreage. This is a
practical issue of both the intensity required (for athletic fields) and the proportion of the parcel
usually covered by the special use, since athletic fields and display lots are often a large portion of
the parcel, while service station canopies are not.

16: Shielding and Cutoff Terminology
There is much confusion surrounding terms used to describe the way luminaires restrict the light
emanating from the lamps contained within. Good lighting advocates must learn the minimal set
of definitions and endeavor to be careful in usage of the terms.
Be careful how you use words to describe shielding. "Shield" is a commonly used term in English,
and in common speech and even in luminaire manufacturers' literature anything that blocks any of
the light coming from the lamp can be called a shield. But in lighting codes we mean something
much more specific when we use the term "fully shielded." So be careful to always say "fully
shielded" when you mean that there is no uplight. Not "shielded", not "cutoff", not even "full
cutoff". These all have either less-specific or more specific meanings, and using them carelessly
only leads to more confusion.
There are two terms used to describe luminaires or lamps that have no shielding, allowing light to
shine unrestricted in all directions: unshielded and non-cutoff. Neither term specifies the
intensity distribution in any further detail. Post-top globes, with more than 50% uplight, barnyard
("NEMA") lights with perhaps 30% uplight, most porch lights, many drop-refractor "cobra head"
streetlight luminaires - all are unshielded or non-cutoff. Some have a greater uplight fraction than
others.
The next case of interest, where there is some but not complete restriction of upward emanations,
has three terms and three separate definitions, one using the word shielded and two using cutoff:
Partially Shielded: shielded in such a manner that more than zero but less than ten
percent of the light emitted directly from the lamp or indirectly from the fixture is projected
at angles above the horizontal.
Semi-cutoff: Intensity at 80 degrees from nadir does not exceed 200 candela per 1000
lamp lumens, nor at 90 degrees from nadir does intensity exceed 50 candela per 1000
lamp lumens.
Cutoff: intensity at 80 degrees from nadir does not exceed 100 candela per 1000 lamp
lumens, nor at 90 degrees from nadir does intensity exceed 25 candela per 1000 lamp
lumens.
This is where lighting codes and the professional lighting specifications diverge: lighting
professionals have reason to address in detail how the light intensity is distributed as it exits the
luminaire. But for lighting codes, we are much less concerned. Further, lighting professionals
have the training to understand and use the "candela per 1000 lamp lumens" specifications.
People administering light codes do not.
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Moving on to the case where uplight is completely eliminated, we have the following terms:
Fully-Shielded: constructed in such a manner that all light emitted by the fixture, either
directly from the lamp or a diffusing element, or indirectly by reflection or refraction from
any part of the luminaire, is projected below the horizontal.
Full-Cutoff: A luminaire light distribution where no candlepower occurs at or above an
angle of 90 degrees from nadir. Additionally, the candela per 1000 lamp lumens does not
numerically exceed 100 at a vertical angle of 80 degrees above nadir. This applies to all
lateral angles around the luminaire.
The candlepower per 1000 lamp lumen restrictions at specific angles are important metrics for
directly addressing issues of glare. But since the terms require both detailed photometric
information and technical expertise to evaluate, in the venue of lighting codes and their
implementation using them will make the code difficult to implement and enforce.
The Model Wisconsin Exterior lighting Code recommends that lighting codes use the term fully
shielded as defined above and in Section 16. Simple elimination of uplight, conforming to the
definition of fully shielded but no further, has been found to give quite good results, certainly for
uplight elimination, but even in the reduction of glare. Though the term is somewhat less
restrictive than full cutoff, it has practical advantages. You can almost always tell if a luminaire is
fully shielded, just by looking at the luminaire as it is installed or at a picture of how it is meant to
be installed. This is a great advantage for the administration of a lighting code. You cannot tell by
looking if a luminaire is Semi-cutoff, cutoff, or full cutoff. For this you must obtain, and be able to
evaluate, reliable technical photometric specifications.

17: How to Recognize Fully-Shielded Fixtures

Fully Shielded Luminaire
Fully shielded fixtures are technically or photometrically defined as lights that emit no light above
the horizontal plane, but in practice such fixtures are usually easily recognizable from catalog
drawings or pictures without requiring or interpreting photometric specifications. Such fixtures
almost always have a flat, horizontally oriented lens and opaque (usually metal) sides. They are
often described as "shoe box" luminaires if the luminaire has a predominantly rectangular form,
but they come in many shapes and sizes.
There is nothing mysterious about a shielded luminaire - if you can see the lamp or any optical
part (a reflector, prismatic lens or even a clear non-prismatic lens) from the side of the luminaire
(or any angle above), it is almost certainly not fully shielded. Beware of some fixtures that either
have reflecting surfaces located below the lamp and visible from the side or above, and fixtures
that can be mounted such that the shielding is ineffective (See above: Swivelled Luminaires
(Floodlights)). Also beware of claims for shielding based on the appearance of the word "shield",
"shielded", "cutoff" or similar in the description if the luminaire does not also look obviously fully
shielded as described here or as in figures illustrated in IDA Information Sheet #143.
The use of the "fully shielded" standard in lighting codes is strongly recommended for the very
reason that it is almost always verifiable simply from an examination of an illustration or the
luminaire itself. Rarely, photometric information may be necessary, especially if a catalog
illustration is not available or if the illustration looks questionable. Interpretation of technical
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photometric data is complicated and requires some training. There are also occasional problems
with the completeness and accuracy of photometric data, and recognizing that this might be the
case with submitted information is also difficult.
Consultation with a lighting advisory group may be helpful (See: Ongoing Education in Exterior
Lighting), or other outside technical expertise may be used. The difficulty, time and possible
expense involved for such evaluations is one of the principle reasons lighting codes should be
written to avoid technical specification if at all possible (for further discussions of this issue (See:
Reference 16: Shielding and cutoff terminology, and Should a Lighting Code Specify Lighting
Levels?). See also: Reference 18: Fully shielded lights and aiming of adjustable luminaires.

18: Fully Shielded Lights and Aiming of Adjustable Luminaires
Aimable luminaires - though we specify particular designs as shielded, it is clear that such lights
must be properly aimed to maintain the shielding characteristics. Even the best fully-shielded
design, if aimed sideways, will become a terrible glare source and a terrible light. Thus there is
emphasis in the pattern on "installed and maintained such that the shielding is effective". Both
elements - a fully shielded design and proper aiming - are essential. (See : Practical Issues and
Problem Areas for Lighting Codes)
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Glossary of Lighting Terms
CU - Coefficient of Utilization. A factor (between 0.0 and 1.0) that describes the fraction of the
total lamp lumens that strike the area to be illuminated (the "work plane"). For a roadway, the
work plane is the traveled roadway surface and perhaps the shoulder, but not the areas beyond
the sides of the road or the median, if present.
HID - High Intensity Discharge (Lamp). An electric discharge lamp in which the light producing arc
is stabilized by the arc tube wall temperature, and the arc tube has a bulb wall loading in excess of
three watts per square centimeter. HID lamps include mercury vapor, metal halide, and
high-pressure sodium.
LLF - Light Loss Factor. Factor (between 0.0 and 1.0) describing light output of a luminaire after
losses due to dirt accumulation and lamp lumen depreciation, relative to the output when the lamp
and luminaire are new. LLF = LDD x LLD
LDD - Luminaire Dirt Depreciation. Factor (between 0.0 and 1.0) used to describe how much light
produced by the lamp is not lost to dirt accumulation and other changes in the optical
characteristics of the luminaire, relative to the value when the luminaire is new. Depends on the
quality of the luminaire, materials used, maintenance, environment.
LLD - Lamp Lumen Depreciation. Factor (between 0.0 and 1.0) used to describe how the lamp
output changes with time compared to the initial output. Depends principally on lamp type.
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Sources of Additional Information
The Model Wisconsin Exterior Lighting Code has been adapted from the International DarkSky
Association U.S.A. Pattern lighting Code, which relies heavily on four extant lighting codes as
principle sources: the 1994 Revised Tucson and Pima County (AZ) Outdoor Lighting Control
Ordinances (see IDA Information Sheet 91) and the 1999 Revised Flagstaff (AZ) Outdoor Lighting
Ordinance (See: IDA Information Sheet 94) with its Coconino county counterpart in Chapter 17 of
the Coconino County Zoning Ordinance. These codes are presently in their third and fourth
revisions, the Tucson Code having been first adopted in 1973, and updated in 1986 and 1994 with
another pending revision as this Handbook is written.
The Flagstaff Code was first adopted in 1973, and also has been updated in 1989, 1991 and
1999, while the Coconino County Lighting Ordinance was first adopted also in 1973, and updated
in 1989 and 1998. These codes have a track record to help establish what does and does not
work, and have pioneered most of the approaches to lighting control detailed here. They have
served as de facto pattern lighting codes for many years. Any community should carefully review
these codes, as they show examples of approaches, some more strict, some less strict, than the
Model Wisconsin Exterior Lighting Code
Further extensive reference has been made of the professional lighting literature and technical
specifications. The Illuminating Engineering Society of North America (IESNA) (See: IDA
Information Sheet 47) is a professional society of lighting users, designers and manufacturers
whose purpose is to establish scientific lighting recommendations and to disseminate this
information to all interested parties. It's recommendations are promulgated through the IESNA
Lighting Handbook, now in its 10th edition (1999), and in IESNA Recommended Practices (RP).
The IESNA RP-33-99 Recommended Practice for Lighting for Exterior Environments (See: IDA
Information Sheet 152), published in 1999, contains extensive discussions on the issues related
to exterior lighting and control of its obtrusive aspects, as well as a professional lighting designer's
perspective on essential characteristics of exterior lighting codes.
The work of the International Commission on Illumination (Commission Internationale de
l'Éclairage or CIE; see also IDA Information Sheet 48) serves as background for much of lighting
and visual science. The CIE is an international body devoted to cooperation and exchange of
information among its member countries on all matters relating to the science and art of lighting.
The CIE has promulgated concepts and knowledge essential to lighting and visual science,
including the CIE photopic and scotopic sensitivity curves which characterize the spectral
sensitivity of the human eye under light- and dark-adapted conditions. An especially useful
concept developed by the CIE, used here in the Model Wisconsin Exterior Lighting Code are
Lighting Zones. These zones are used to provide a context for different lighting situations, and are
used in the Model Wisconsin Exterior Lighting Code to define differing levels of control to minimize
obtrusive aspects of lighting.
Finally, the International Dark-Sky Association (IDA) (and the information concerning a wide
variety of lighting issues contained on the International DarkSky Association website
www.darksky.org/ida) is behind much of the light pollution control and education effort in the past
ten years. International DarkSky Association is a non-profit, membership-based organization
whose goal is to stop the adverse environmental impact of light pollution through education about
the value and effectiveness of quality nighttime lighting and about the solutions to the problems.
The efforts of this organization and its members have had a tremendous effect, among
communities and professional lighting workers alike, on the perception of the aesthetics of the
night and the awareness of how lighting practices can enhance or detract from our nighttime
environment and activities.
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IESNA: The Illuminating Engineering Society of North America provides recommended
design standards for the lighting profession:
IESNA
120 Wall Street, 17th Floor
New York, NY 10005-4001
212/248-5000
www.iesna.org
IDA: As the central clearinghouse for information on light pollution The International DarkSky Association has compiled a web-based resource of exterior lighting information and
model ordinances from around the country:
IDA
3225 North First Ave.
Tucson, AZ 85719
520/293-3198
www.darksky.org
SHWEC: The UW-Extension assists communities and businesses to save energy while
improving the quality of their exterior lighting. Educational programs and model lighting
code language are available from:
The Solid and Hazardous Waste Education Center.
610 Langdon Street, Room 528
Madison, WI 53703-1195
608/262-0385

References
The Lighting Handbook 9th Ed., 2000, Illuminating Engineering Society of North America
Outdoor Lighting Manual for Vermont Municipalities, 1996, Chittenden RPC
The Outdoor Lighting Pattern Book, Leslie & Rodgers,1996, McGraw Hill
Surveillance of Public Space, Painter & Tilley, 1999, Criminal Justice Press
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Sources of Exterior Lighting Equipment
(This is not a complete list of manufacturers, or a product endorsement)
ABOLITE: 10000 Alliance Road; Cincinnati, OH 45242 (513/793-8875)
COOPER LIGHTING: 5035 Highway 61S, Vicksburg, MS 39180 (601/638-1522)
GENLYTE P.O. Box 129; Union, NJ 07083 (908/964-7000)
GENERAL ELECTRIC: Hendersonville, NC 28739 (800/626-2000)
GUTH LIGHTING: 2615 Washington Blvd.; St. Louis, MO 63103 (314/33-3200)
HADCO: P.O. Box 128; Littlestown, PA 17340 (717/359-7131)
HUBBELL LIGHTING: 2000 Electric Way; Christiansburg, VA 24073 (703/382-6111)
KIM LIGHTING: P.O. Box 1275; City of Industry, CA 91749 (818/968-5666)
LUMINAIRE TECHNOLOGIES, INC.: 212 West Main St.; Gibsonville, NC 27249 (910/449-6310)
MUSCO SPORTS LIGHTING INC.: 2961 N. 73rd St., Milwaukee, WI 53210 (414/257-3990)
PEMCO LIGHTING PRODUCTS: 150 Pemco Way; Wilmington, DE 19804 (302/892-9003)
RUUD LIGHTING: 9201 Washington Ave.; Racine, WI 53406 (414-886-1900)
SOFT LIGHTING SYSTEMS:1840 - 130th Ave. N.E. #15 Bellevue, WA 98005-2228 (888/789-7638)
SPERO LIGHTING: 1705 Noble Rd.; Cleveland, OH 44112 (216-851-3300)
STONCO: P.O. Box 129; Union, NJ 07605 (908-964-7000)
THOMAS & BETTS LIGHTING DIV.: 1555 Lynnfield Rd.; Memphis, TN 38119 (901/682-7766)
THOMAS OUTDOOR LIGHTING: 2661 Alvarado St.; San Leandro, CA (510/357-6900)
VOIGHT LIGHTING: 135 Fort Lee Rd.; Leonia, NJ 07605 (201-461-2493)
WESTERFIELD: 770 Gateway Center Dr.; San Diego, CA 92102 (619-263-6672)
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Appendix A. Sample Shoreland Lighting Ordinance
Lake and homeowner associations, municipalities, counties or states that wish to regulate
shoreline lighting can take several approaches. Here is an example from the Oneida County
Wisconsin zoning code that focuses specifically on pier lighting:

Regulation of Lighting.
The purpose of this section is to minimize light pollution of the shore land
environment without significantly inhibiting safety and security. This section applies
to all lighting on berthing structures or designed to illuminate those structures
associated with berths.
Light fixtures which do not conform to these provisions may be allowed with a
conditional use permit upon a showing of special circumstances affecting safety,
security, or general public interest. Non-conforming lighting in existence on the
effective date of this section must be brought into compliance within five (5) years.
1. Flashing and rotating lights are prohibited.
2. Lighting inside a boathouse and intended to illuminate its interior is
permitted.
3. Lighting on exteriors of berthing structures shall be fitted with opaque
shields to prevent direct visibility of the lamp to persons on public waters or
adjacent lands more than 50 feet beyond the berthing structure.
4. Lighting not mounted on a berthing structure but designed to illuminate a
berthing structure or its immediate vicinity shall comply with subparagraph 3
above.
5. Lighting installed on, or intended to illuminate, seasonally-used berthing
structures shall be turned off when not required for safety or security.
6. Public marinas may install illuminated signs with opaque shaded or shielded
lighting that provide information pertaining to applicable federal state or
municipal rules and regulations relating to electrical, fueling, waste and
sewage disposal or other safety and environmental matters. Such sign
illumination shall not be visible off the berth structure
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Appendix B. Nuisance Violations
Many jurisdictions may be with formal powers to enact code language based on planning and
zoning ordinances, or building codes. In these cases a nuisance ordinance can be adopted to
control poor quality exterior lighting. The following ordinance was adopted by the Town of
Koshkonong (Jefferson County).

TITLE 11
OFFENSES AND NUISANCES
CHAPTER 6
PUBLIC NUISANCES
SEC. 11-6-8

OUTDOOR LIGHTING ORDINANCE

(a) Purpose and Intent.
(1) It is the intent of this Section 11-6-8 (herein the "Ordinance") to define
practical and effective measures by which the obtrusive aspects of excessive and/or
careless outdoor light usage can be minimized, while preserving safety, security and the
nighttime use and enjoyment of property. These measures will reasonably curtail the
degradation of the nighttime visual environment by encouraging lighting practices that
direct appropriate amounts of light where and when it is needed, increasing the use of
energy-efficient sources, and decreasing the wastage of light, sky glow, and glare resulting
from over-lighting and poorly shielded or inappropriately directed lighting fixtures.
(2) In adopting this Ordinance, credit is hereby given to the International
DarkSky Association for its assistance in providing valuable information and guidance.
(b) Conformance with Applicable Codes.
All outdoor illuminating devices shall be installed and maintained in conformance with the
provisions of this Ordinance, the Town of Koshkonong Building Code, the Electrical Code,
and the Sign Code of the jurisdictions as applicable and under appropriate permit and
inspection.
(c) Applicability.
(1) New Uses, Buildings and Major Additions or Modifications. For
all proposed new land uses, developments, buildings, and structures that require a
building permit or other authorization from the Town, all outdoor lighting fixtures shall
meet the requirements of this Ordinance. All building additions or modifications of twenty
(25) percent or more in terms of additional dwelling units, gross floor area, or parking
spaces, either with a single addition or with cumulative additions subsequent to the
effective date of this provision, shall be subject to the requirements of this Ordinance for
the entire property, including previously installed and any new outdoor lighting.
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(2) Existing Uses. Existing uses shall be exempted from the provisions
of this Ordinance in the circumstances as described in Sec. 11-6-8(h) below. Existing
uses and lighting which substantially deviate from the Purpose and Intent set forth above,
and which are brought to the attention of the Town Board by an aggrieved party, may
constitute a public nuisance under Sec. 11-6-2(a) above, and subject to abatement or
other relief.
(3) Resumption of Use after Abandonment. If a property or use with
non-conforming lighting is abandoned as defined below, then all outdoor lighting shall be
reviewed and brought into compliance with this Ordinance before any use is resumed.
(4) Roadways. Lighting for public roadways is exempt from the provisions of this
Ordinance.
(d) Definitions.
As used in this Ordinance unless the context clearly indicates otherwise, certain words
and phrases shall mean the following:
(1) Development project. Any residential, commercial, industrial or mixed use
subdivision plan of development plan which is submitted to the Town for approval.
(2) Diffuse. To spread or scatter widely, or thinly.
(3) Direct illumination. Illumination resulting from light emitted directly
from a lamp or luminaire, not light diffused through translucent signs or reflected from
other surfaces such as the ground or building surfaces.
(4) Fully Shielded Light Fixture. A lighting fixture constructed in such
a manner that all light emitted by the fixture, either directly from the lamp or a diffusing
element, or indirectly by reflection or refraction from any part of the luminaire, is projected
below the horizontal as determined by a photometric test or certified by the manufacturer.
Any structural part of the light fixture providing this shielding must be permanently
affixed.
(5) Glare. The sensation produced by a bright source within the visual
field that is sufficiently brighter than the level to which the eyes have adapted to cause
annoyance, discomfort, or loss in visual performance and visibility. The magnitude of glare
depends on such factors as the size, position, brightness of the source, and on the
brightness level to which the eyes have become adapted.
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(6) Installed. The attachment, or assembly fixed in place, whether or not connected
to a power source, of any outdoor light fixture.
(7) Light Pollution. Any adverse effect of manmade light.
(8) Light Trespass. Light from an outdoor luminaire falling on an adjacent property
as observed at four (4) feet above ground at the property line.
(9) Lumen per Acre Cap. The upper limit, or most light allowed. Lower lighting levels
are encouraged.
(10) Luminaire. The complete lighting assembly, less the support assembly.
(11) Outdoor Light Fixture. An outdoor illuminating device, outdoor lighting or
reflective surface, lamp or similar device, permanently installed or portable, used for
illumination or advertisement. Such devices shall include, but are not limited to lights used
for:
Parking lot lighting;
Buildings and structures;
Recreational areas;
Landscape lighting;
Billboards and other signs (advertising or other);
Product display area lighting;
Illuminating building overhangs and open canopies.
(12) Outdoor Recreation Facility. An area designed for active recreation, whether
publicly or privately owned, including, but not limited to, baseball diamonds, soccer and
football fields, golf courses, tennis courts and swimming pools.
(13) Person. Any individual, tenant, lessee, owner, or any commercial entity including
but not limited to firm, business, partnership, joint venture, corporation, or limited liability
company.
(14) Sign, Externally Illuminated. A sign illuminated by light sources from outside the
sign surface.
(15) Sign, Internally Illuminated. A sign illuminated by light sources enclosed entirely
within the sign cabinet and not directly visible from outside the sign.
(16) Sign, Neon. A sign including luminous gas-filled tubes formed into text, symbols
or decorative elements and directly visible from the outside of the sign cabinet.
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(17) Sky Glow. The brightening of the night sky that results from the scattering of
artificial visible radiation by the constituents of the atmosphere.
(18) Temporary Lighting. Lighting which does not conform to the provisions of this
Ordinance and which will not be used for more than one consecutive thirty day period within
a calendar year, with one consecutive thirty-day extension. Temporary lighting is intended
for uses which by their nature are of a limited duration; for example holiday lighting
decorations, civic events, or construction projects.
(19) Translucent. Permitting light to pass through but diffusing it so that persons,
objects, etc., on the opposite side are not clearly visible.
(20) Use, Abandonment of. The relinquishment of a property, or the cessation of a
use or activity by the owner or tenant for a continuous period of twelve months, excluding
temporary or short term interruptions for the purpose of remodeling, maintaining or
rearranging a facility. A use shall be deemed abandoned when such use is suspended as
evidenced by the cessation of activities or conditions which constitute the principal use of
the property.
(e) Shielding and Outdoor Lighting Standards.
The following lighting standards are hereby imposed:
(1) All nonexempt outdoor lighting fixtures shall be fully shielded.
(2) All nonexempt outdoor lighting fixtures shall be placed so as to not cause light
trespass, or light glare.
(3) All nonexempt outdoor lighting fixtures shall be of a type and placed so as to not
allow any light above the horizontal, as measured at the luminaire.
(4) All light fixtures that are required to be shielded shall be installed and maintained
in such a manner that the shielding is effective as described in Section 11-6-8(d)(4) for
fully shielded fixtures.
(5) Residential, and all other uses except commercial or business shall not exceed
5500 lumens per acre. Commercial or business zoned uses shall not exceed 70,000
lumens per property.
(f) Outdoor Advertising Signs.
External illumination for signs shall conform to all provisions of this Ordinance. All upward
directed lighting is prohibited.
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(g) Special Uses.
(1) Recreational facilities. Lighting for outdoor athletic fields, courts or
tracks shall conform to the provisions of this Ordinance, except that they are exempted.
Field lighting for these facilities shall be turned off within one-half hour after the last
game or event of the night.
(2) Temporary Exemptions. Any person may request of the Town Board
of the Town a temporary exemption from the provisions of this Ordinance.
(h) Exemptions.
(1) Nonconformance. For any lighting in existence as of the effective date of this
Ordinance is subject to the following:
(i) Bottom-mounted or unshielded outdoor advertising sign
lighting shall not be used beginning five years after enactment
of this Ordinance.
(ii) All other outdoor light fixtures lawfully installed prior to and
operable on the effective date of this Ordinance are exempt
from all requirements of this Ordinance. There shall be no
change 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 Ordinance. Further, if the property is
abandoned, or if there is a change in use of the property, the
provisions of this Ordinance will apply when the abandonment
ceases or the new use commences.
(2) State and Federal Facilities. Compliance with the intent of this Ordinance at all
State and Federal Facilities is encouraged, but is not mandatory.
(3) Emergency Lighting. Emergency lighting, used by police, firefighting, or medical
personnel, or at their direction, is exempt from all requirements of this Ordinance as long
as the emergency exists.
(4) Swimming Pool and Fountain Lighting. Underwater lighting used for the
illumination of swimming pools and fountains is exempt from the lamp type and shielding
standards, though it must conform to all other provisions of this Ordinance.
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(5) Residential Fixtures. Outdoor light fixtures attached to residential buildings and
located below the eave and less than 2000 lumens are exempt from the provisions of this
Ordinance. Light fixtures 2000 lumens and over are not exempt. Outdoor fixtures above
the eave, or attached to buildings or poles separate from the residence are not exempt.
Spot or flood lights shall be fully shielded and directed no more than 45 degrees above
straight down.
Examples of lamps with 2000 Lumens and Less
The acceptability and shielding restrictions applicable to a particular lamp are
decided by its initial lumen output, not wattage; check manufacturer's
specifications. Examples of lamp types of 2000 lumens and less are:
100 Watt Standard Incandescent
15 Watt Cool White Fluorescent
15 Watt Compact Fluorescent
18 Watt Low Pressure Sodium
(6) Flags, Lighted. United States, and State of Wisconsin flags are exempt from the
provisions of this Ordinance. All other outdoor lighted flags, such as, but not limited to,
decorative and commercial flags shall conform to the provisions of this Ordinance.
(7) Holiday lighting is exempt from the provisions of this Ordinance from the day
before Thanksgiving until January 30 of the following year.
(8) Internally illuminated and neon lighted outdoor signs are exempt from the
provisions of this Ordinance.
(9) Laser and search lights are exempt from the provisions of this Ordinance when
used for temporary purposes of not more than five (5) consecutive days in a six-month
period. This restriction shall apply to either the same person or same property.
(10) Towers. Legally required safety lighting for towers shall be exempt from this
Ordinance.
(11) Airfields and Airports. These facilities, both commercial and noncommercial,
shall be exempt from the provisions of this Ordinance where lighting is used for air safety
reasons. All other lighting shall conform to this Ordinance.
(i) Special Considerations. When an existing light would be in violation of this
Ordinance, but is exempted, the exemption may be withdrawn if the Town
Board finds the lighting to be:
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(i) Substantially aggravating or constitutes a nuisance to affected
properties; or
(ii) The lighting serves no useful purpose, upon finding of the Town Board.
(j) Appeals.
Any person substantially aggrieved by any decision of the designated official made in
administration of this Ordinance has the right and responsibilities of appeal to the Town
Board.
(k) Law Governing Conflicts.
Where any provision of federal, state, county, township, or city statutes, codes, or laws
conflict with any provision of this Ordinance, the more restrictive shall govern unless
otherwise regulated by law.
(l) Violation and Penalty.
It shall be a civil infraction for any person to violate any of the provisions of this Ordinance.
Each and every day or night during which the violation continues shall constitute a
separate offense. A fine shall be imposed of not less than fifty dollars nor more than
seven hundred dollars for any individual or not less than 100 dollars nor more than ten
thousand dollars for any corporation, association, or other legal entity for each offense.
The imposition of a fine under this Ordinance shall not be suspended.
(m) Severability.
If any of the provisions of this Ordinance or the application thereof are held invalid, such
invalidity shall not affect other provisions or applications of this Ordinance which can be
given effect, and to this end, the provisions of this Ordinance are declared to be severable.
(n) Effective Date.
This Section 11-6-8 shall become effective as of August 10, 2001.

Koshkonong Outreach Brochure The following brochure was written to educate the citizens of the Town Koshkonong about their
new lighting ordinance and the basic principles of sensible exterior lighting:
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8
Sensible Outdoor Lighting Fixtures
It’s not always easy to find fully shielded fixtures. Most home building
suppliers may have only one or two fixture types available. Electrical
supply houses are often a better (though more costly) source.
Commercial and industrial lighting designers are usually aware of good
outdoor lighting practices and sources for fixtures. A partial list of
sources is provided below:

Sensible Outdoor Lighting Practices for Preserving the Beauty of the Night

Koshkonong’s Outdoor Lighting Ordinance

GENERAL ELECTRIC:
Hendersonville, NC 28739 (800/626-2000)
HUBBELL LIGHTING
2000 Electric Way, Christiansburg, VA 24073 (703/382-6111)
KIM LIGHTING
P.O. Box 1275, City of Industry, CA 91749 (818/968-5666)
MIDWEST OUTDOOR LIGHTING SOLUTIONS
1211 Garfield Street, Madison, WI, 53711 <LtgSolutions@aol.com>
THOMAS OUTDOOR LIGHTING
2661 Alvarado St., San Leandro, CA, 94577
RUUD LIGHTING
9201 Washington Ave., Racine, WI 53406 (414/886-1900)
Sources of Additional Information
International Dark-Sky Association (IDA)
http://www.darksky.org
The Illuminating Engineering Society of North America
http://www.iesna.org/
UW-Extension
Solid and Hazardous Waste Education Center
608/262-0385
http://www.uwex.edu/shwec

Wisconsin at Night From Space

While we all use artificial light to be able to see our way in darkness, the
quality of our outdoor lighting can have a profound effect on our night time
security and enjoyment. Poorly designed and installed lights cause glare
and over-lighting that hamper the night vision of pedestrians and drivers,
and create an unsafe nighttime environment, while sky glow from our
cities hides the stars of our Milky Way galaxy.
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Understanding Your New Outdoor Lighting Ordinance
The Town of Koshkonong has enacted an outdoor lighting ordinance to:
“...curtail the degradation of the nighttime visual environment by
encouraging lighting practices that direct appropriate amounts of
light where and when it is needed, increasing the use of energyefficient sources, and decreasing the wastage of light, sky glow,
and glare resulting from over-lighting and poorly shielded or
inappropriately directed lighting fixtures.”
To achieve these improvements, the outdoor lighting ordinance includes
the following provisions:
•

Use of fully shielded light fixtures to prevent glare and skyglow;

•

Proper installation of shielded fixtures to prevent light trespass;

•

Caps on the total amount of illumination per acre (or per parcel).
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Retrofitting Your Outdoor Lights
While the outdoor lighting ordinance does not apply to existing light
fixtures, a few simple steps can improve the quality of your lighting.
1) Walk around your property along the property line to see if glare from
any of your outdoor lights is visible. If so, re-aim the fixtures or install
shielding to eliminate the glare and light trespass.
2) Can you add a motion detector to any of your security lights? If you
have motion detectors, are they aimed and adjusted so they respond to
movement without remaining on for extended periods?
3) How bright is bright enough? Try lower wattage lamps until you find the
best bulb for your situation. Not only will you use less electricity, your
bulbs will last longer.

Specific exemptions to these conditions include: street lighting,
emergency lighting, recreational lighting and holiday lighting. The outdoor
lighting ordinance applies to all new construction and any modifications to
existing structures of 25% or more.
This brochure is will help you understand how the provisions of the
outdoor lighting ordinance apply to you. It also provides ideas on what
you can do to voluntarily improve the quality of your outdoor lighting.

Unshielded

Shielded
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Sensible Outdoor Lighting Practices
Sensible outdoor lighting provides adequate illumination without glare or
sky glow, and makes the most efficient use of our energy resources.
1. Provide adequate light for the intended task, but never over-light.
Brighter is not always better, so try to choose lamps with the lowest level
of illumination that will meet your needs. For commercial lighting, the
Illuminating Engineering Society of North America (IESNA) publishes
exterior lighting design recomendations.
2. Use fully shielded lighting fixtures to minimize glare from the
light-producing source. Fully shielded means: “ A lighting fixture
constructed in such a manner that all light emitted by the fixture, either
directly from the lamp or a diffusing element, or indirectly by reflection or
refraction from any part of the luminaire, is projected below the
horizontal...”.

2
Sensible Outdoor Lighting Principles
Good outdoor lighting is easy, if you follow two simple principles:
1. Illuminate only what you wish to see, and nothing else. Our
eyes are able to see at night because of the light reflected from the
surface of an object. Glare from a bulb, light falling on objects we
don’t intend to illuminate, or light shining across the landscape or
into the sky, are simply a nuisance and a waste. Shielded fixtures
direct light toward what we wish to see.
2. Use only as much illumination as you need. Excessively
bright lighting wastes energy, hampers our ability to see at night,
compromises our security and makes for a harsh and unattractive
nighttime environment. Several well aimed low wattage fixtures
usually do a better job than a single, high output lamp.

3. Install lighting fixtures carefully to maximize their effectiveness on the
target area and minimize their adverse impact beyond your property line.
Proper position and aiming is important. Place fixtures uniformly to
illuminate the area without creating bright "hot spots" with dark shadows
in between.
4. Use properly installed and adjusted motion detectors to minimize the
amount of time your lights are on and to provide better security against
intruders. For lights on timers or manual switches, use energy efficient
lamps with good light quality.
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Basic Lighting Concepts
Night Vision: Our eye can adjust to a wide range of light, able to see
over light intensities of 1,000,000 to 1, while resolving a 1percent
difference in luminance over that range. At night, the fully adapted eye
can see a single candle 10 miles away! However, the eye’s sensitivity to
light and dark is not instantaneous. Walking out of darkness into bright
light, we squint to adjust to the higher level of illumination. Walking back
into the dark, we pause as our eyes adjust to be able to see in the
dimmer light. This need for accommodation is caused by glare from light
fixtures, or from over-illumination of a surface or object.

5
Glare: When you see a distant point of light (seeing light from the fixture
itself, not what that light is meant to illuminate) you are observing glare.
Glare is both the most common lighting problem, and one of the easiest to
detect and fix. By shielding the light fixture to prevent light from reaching
our eye, we can maintain our night vision while illuminating our
surroundings. Glare also represents wasted energy. Poorly designed
fixtures can waste 30-40 percent of the light they produce by glaring onto
neighboring properties and into the night sky.
Light Trespass: Light trespass is light from one property shining onto an
adjacent or nearby property. We all have seen street lights, commercial
lights or residential lights spilling over onto adjacent property, illuminating
what was not meant to be seen. Poorly designed outdoor lighting can
shine out into the neighborhood, into bedroom windows, invading privacy,
disturbing sleep, and creating an unattractive look to the area.
Sky Glow: Sky glow is the diffuse light in the night sky caused by outdoor
lighting. Glare and over-illumination from city lights blind our eyes to the
fainter light of the stars. Two-thirds of all Americans must travel into the
countryside to be able to see the millions of stars of our Milky Way galaxy.
Even there, glare and sky glow from dusk-to-dawn farm lights obscures
the fainter stars.
Energy: Much of our outdoor lighting wastes energy because it is poorly
designed and installed. This waste results in higher energy costs and
increased environmental pollution from unneeded power generation. In
Wisconsin, an estimated 1 percent of all electricity is wasted shining light
into the night sky. Sensible outdoor lighting practices, combined with
shielded fixtures and lower wattage bulbs can make for the most efficient
use of our energy resources.
Lighting and Security: Dusk-to-dawn security lighting has become
common. We’ve all noticed mercury vapor lamps on farms and garages,
kept on long after the residents are asleep. A more effective approach to
security lighting is the motion detector. A moving person will be more
noticeable to neighbors and residents if they are suddenly illuminated.
Shielded lights also improve security by allowing us to use our night vision
to see dim objects and movement in shadow that would otherwise be
obscured by glare.
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