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Abstract

Outdoor lighting has become a necessary integral part of society. Light pollution is a by-product of outdoor lighting. In many areas light pollution has become an important aspect of both planning and design. Neighborhoods are becoming more sensitive to the stray light that is being directed towards their property and windows. Astronomers and observatories are becoming more concerned with the increase in the sky glow around urban areas. It has been estimated by some researchers that up to 50% of all light pollution may be the result of roadway lighting.
Light pollution can be reduced by lighting only what is actually needed, when it is needed, and to the appropriate level. This document discusses the three elements of light pollution, which are sky glow, light trespass, and glare, and gives examples and recommendations for minimizing or eliminating the undesirable effects of each element when designing and using outdoor lighting.
Introduction

The outdoor nighttime environment is lighted to meet certain societal goals, such as increasing safety and security, enhancing economic development, as well as highlighting historic areas or landmarks of cities or towns. Our society has become a 24-hour society, and nighttime lighting has become a necessity to facilitate using the roadways and downtown areas. 
Light pollution is a by-product of lighting at night, especially when inefficient luminaires and lamps are used and lighted to excessive levels, a symptom of poorly designed, inefficient outdoor lighting, has costly effects, such  as impaired views of the night sky, hampered visibility, and a negative effect on ecosystems. 

The impact on light pollution can be minimized by lighting more efficiently, choosing efficient luminaires and lamps, fewer lamps may be required to meet the lighting objectives, resulting in less wasted light emitted into areas where the light is not needed.
1. LIGHT POLLUTION

Light pollution is excess or obtrusive light created by humans. Among other effects, it causes adverse health effects, obscures stars to city dwellers, interferes with astronomical observatories, wastes energy and disrupts ecosystems. Light pollution can be construed to have two main branches: annoying light that intrudes on an otherwise natural or low light setting and excessive light, generally indoors, that leads to worker discomfort and adverse health effects.

Light pollution is a side effect of industrial civilization. It comes from sources such as building exterior and interior lighting, advertising, commercial properties, offices, factories, streetlights, and lit sporting venues. It has been estimated that 35% to 50% of light pollution is caused by roadway lighting (Finch 1978).
Light pollution (also known as photopollution, luminous pollution) refers to light that people find annoying, wasteful or harmful. Some skeptics claim that light pollution has little residual effect, because it does not leave remnant damage to the environment as do air pollution, water pollution and soil contamination.

Campaigners wishing to reduce light pollution, however, reason that it is unrealistic to expect populations to ever switch off light en-masse, due to industrial society's economic reliance on artificial light. They posit that light pollution is a problem similar to traditional forms of pollution, where established trends in society have long term negative effects. Energy conservation advocates contend that light pollution must be addressed by changing the habits of society, so that lighting is used more efficiently, with less waste and less creation of unwanted or unneeded illumination. The case against light pollution is strengthened by a range of studies on health effects, suggesting that excess light may induce loss in visual acuity, hypertension, headaches and increased incidence of carcinoma.

Several industry groups also recognize light pollution as an important issue. For example, the Institution of Lighting Engineers in the United Kingdom provides information for its members about light pollution, the problems it causes, and how to reduce its impacts.

Since not everyone is irritated by the same lighting sources, the term "Light Pollution" has a measure of subjectivity. It is common for one person's light "pollution" to be light that is desirable for another. One example of such a case is with advertising material, such as when an advertiser wishes for particular lights to be brightly visible, even though others find them annoying. Other types of light pollution are more certain. For instance, light that accidentally crosses a property boundary and annoys a neighbor is generally wasted and pollutive light.

Disputes are still common when deciding appropriate action and differences in opinion over what light is considered reasonable, and who should be responsible, means that negotiation must sometimes take place between parties. Where objective measurement is desired, light levels can be quantified by field measurement or mathematical modeling, with results typically displayed as an isophote map or light contour map. Authorities have also taken a variety of measures for dealing with light pollution, depending on the interests, beliefs and understandings of the society involved. Measures range from doing nothing at all, to implementing strict laws and regulations about how lights may be installed and used.

2. TYPES OF LIGHT POLLUTION

Light pollution is a broad term that refers to multiple problems, all of which are caused by inefficient, annoying or arguably unnecessary use of artificial light. The three major components of light pollution are light trespass, glare, and sky glow. An illustration of both useful light and the components of light pollution are illustrated in Figure 1. 
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Figure 1. Example of useful light and light pollution from a typical pole-mounted
outdoor luminaire

2.1 SKY GLOW

Sky glow occurs from natural and human -made sources. The natural component of sky glow has five sources: sunlight reflected off the moon and earth, faint air glow in the upper atmosphere (a permanent, low-grade aurora), sunlight reflected off interplanetary dust (zodiacal light), starlight scattered in the atmosphere, and background light from faint, unresolved stars and nebulae (celestial objects or diffuse masses of interstellar dust and gas that appear as hazy smudges of light). Natural sky glow is well quantified.

Electric lighting also increases night sky brightness and is the human-made source of sky glow. Light that is either emitted directly upward by luminaires or reflected from the ground is scattered by dust and gas molecules in the atmosphere, producing a luminous background. It has the effect of reducing one’s ability to view the stars. Sky glow is highly variable depending on immediate weather conditions, quantity of dust and gas in the atmosphere, amount of light directed skyward, and the direction from which it is viewed. In poor weather conditions, more particles are present in the atmosphere to scatter the upward-bound light, so sky glow becomes a very visible effect of wasted light and wasted energy.

Sky glow is extremely detrimental to astronomers as well as annoying to many people in the general public. Sky glow increases the brightness of the dark areas of the sky, which reduces the contrast of stars or other celestial objects against the dark sky background. Astronomers typically like very dry clear dark nights for observing. A typical suburban sky is 5 to 10 times brighter at the zenith than the natural sky (the zenith is the angle that points directly upward, or 180°, from the observation point). In city centers, the zenith may be 25 or 50 times brighter than the natural background.
It is sometimes difficult to comprehend the effect of sky glow and the sensitivity of astronomical instruments. Human eyes can barely discern a star of the 6th magnitude which is about 15 million times brighter than a 24th magnitude star that astronomers observe. A candle flame (luminous intensity of approximately one candela) observed at a distance of about one kilometer is as bright as a 1st magnitude star and easily seen by the naked eye. This candle is about 1.5 billion times brighter than the limits of astronomical instruments.

Street lighting has been blamed for up to 50% of the urban sky glow due to 95% of the light directed down toward the pavement being reflected upward at reflectance rates ranging from 6% for asphalt to 25% for concrete (IES CP-46). 

With the growing awareness of light pollution, lighting professionals only recently began measuring sky glow in an attempt to quantify its relationship to electric lighting. This is a very challenging task, because many factors play a role in sky glow. One must not only consider the lighting, but also the angular distribution of the light emitted from the luminaire, the light reflected from the ground and its angular distribution, as well as atmospheric effects of humidity and the interaction of light with aerosols (particles in the atmosphere that may be caused by manufactured pollutants, fire, volcanic eruptions, etc.), all of which can change from moment to moment.
When observing the night sky, professional astronomers often measure the dark portion of the sky with their astronomical equipment to have a background value they can use to compare their star signal against. Professional astronomers use an instrument called a photoelectric photometer to make these measurements. Typically such measurements are made at the zenith.
Many amateur and professional astronomers have recorded sky brightness measurements to monitor the increase in sky brightness. From these data, a number of metrics or calculation methods have been developed to estimate sky glow. One very simple approach used by casual observers, for example, is to estimate sky glow by looking for the Big Dipper constellation and then counting how many stars are visible to the naked eye. However, none of the metrics directly relate electric lighting emissions to sky glow. 

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

  I = 0.01 × P × r-25

Where:

I     = the increase in sky glow level above the ambient background

P   = the population of the urban center

r    = distance in kilometers from the urban center

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

  I = 0.01 × 300.000 × 25-25 = 0.96

The increase in sky brightness, at a 45 degree angle, over the natural background is approximately 96%, half of which may be caused by roadway lighting. However, the distribution of the light sources, the number of light sources, wattage, and the amount of reflected light are all excluded from the calculation. Without the ability to model this lighting information, it is difficult to determine how to minimize sky glow while minimizing the impact on the use of light at night.
2.2 LIGHT TRESPASS

Light trespass can be described as the effects of light or illuminance that strays from its intended purpose. On a roadway lighting system it is desirable to have all the light directed onto the roadway and not on the adjacent area. Poor quality lighting fixtures, which are generally of a non-cutoff type, will allow some of the light to fall on areas away from the road such a lawns and houses. A poor lighting design, which has employed the wrong luminaire distribution, can also lead to unwanted light trespass. Some people are upset by the stray light that enters there property or windows. Related problems also involve the operators of motor vehicles and aircraft.

Light trespass is particularly annoying for amateur astronomers, whose ability to observe the night sky from their property is likely to be inhibited by any stray light from nearby. Most major optical astronomical observatories are surrounded by zones of strictly-enforced restrictions on light emissions.
The Institution of Lighting Engineers (ILE) specifies light trespass limits for light entering windows in terms of environmental zones (ILE 2000). It is difficult to measure light trespass because the occurrences are so different. Illuminance on a vertical plane (for example vertical illuminance at a window) may be appropriate in some cases. Horizontal illuminance might be appropriate in other cases (for example, horizontal illuminance on a bed). An illuminance level of 1 lux (0.1 footcandle) might be acceptable to some and completely objectionable to another. For reference, 0.3 lux (0.03 footcandle) is typical of the illuminance that results from moonlight.
Light trespass is easily quantifiable as a measure of illuminance and easily measured in the field by a standard light meter (similar to a meter purchased from a camera store). Boyce et al. (2001) suggest that light trespass be measured in a relative manner, at property boundaries, to take into account both light coming into the property as well as light inside the property. When designing the lighting for a site, imagine a vertical plane at the boundary between the site property and an adjacent property. Measure the illuminance on the vertical plane at the property boundary, directed toward the lighting design site, 180° away from the adjacent property. Then rotate 180 ° away from the lighting design site, and measure the illuminance on the vertical plane, directed toward the adjacent property. Calculate the ratio of the illuminance on the plane pointing toward the lighting design site to the illuminance on the plane pointing toward the adjacent property. If the ratio of the measured illuminances is less than unity (one), this implies that the design site receives more light from the adjacent property than the design site delivers to the adjacent property. If the ratio is greater than unity, then the design site delivers more light to the adjacent property than the adjacent property delivers to the site. The larger the ratio, the more likely light trespass complaints are to occur.
Some limits have been developed by San Diego County in California regarding light trespass. The county ordinance place the limit of stray light at 0.21 lux (equivalent to bright moonlight) on the horizontal and vertical planes at a point 1.5 m inside an owners property line. An ordinance from Skokie, Illinois classifies light falling on residences from a roadway lighting system in excess of 3 lux as a public nuisance. Although these limits cover a wide range of values they serve to illustrate that light trespass is being taken seriously as an environmental problem.

2.3 GLARE

Probably the most annoying and safety related aspect of light pollution is glare. Glare, which can be described as unwanted source luminance, can be categorized into three areas, and is defined by the Illuminating Engineering Society (IES) as the sensation produced by luminance in the visual field that is sufficiently greater than the luminance to which the eye has adapted to cause annoyance, discomfort, or loss of visual performance and visibility (IES Lighting Handbook). The three categories are described as follows:

Blinding Glare: A glare that is so intense that for an appreciable time after the stimulus has been removed no object can be seen or easily distinguished. This is typical of the effect experienced when an oncoming driver forgets to dim the high beam headlights. 

Disability glare: Glare that causes reduced visual performance. Disability glare is also known as ‘veiling luminance’ and is cause by the effect of the luminance of a source illuminating the inside of the eye in which the light rays are scattered or reflected within the eye reducing the contrast of images on the retina. This is analogous to turning on the lights in a movie theater and washing out the image on the screen. Disability glare can have serious repercussions on a roadway system as it reduces the drivers’ ability to distinguish objects clearly.

Discomfort Glare: Glare that produces discomfort or annoyance without necessarily interfering with visual performance. The IES although has reported that discomfort glare may cause fatigue which may result in driver error. This effect is very subjective and not easily quantifiable although several jurisdictions have applied some limits to the amount of discomfort glare permissible from a lighting system. The California Motor Vehicle Code limits the measured luminance of a light source, within 10 degrees of a driver’s line of sight to not more than 1000 times the minimum measured ambient luminance in the field of view. This ordinance refers not only to roadway lighting but also to commercial signs adjacent to the road. Source luminance can be measured by sophisticated equipment such as luminance meters.

The calculations of the glare that is produced by the lighting source are dependent on the luminaire type, the mounting height, and the observer’s position. The basic empirically derived formula for roadway glare (veiling luminance) is as follows:
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Where:

Lv    = glare (veiling luminance) at the observer location in cd/m2

Evi   = vertical illuminance on the plane of pupil of the observer’s eye

θ     = angle between the line of sight and luminaire in degrees

n     = number of luminaires in sight

A few of the more minor aspects of light pollution involve confusion and clutter.

2.4 CONFUSION

Confusion or visual distraction is caused by a large number of lighting sources with noticeable source luminance, such as unevenly spaced roadway lights, which may cause distraction instead of guidance. This can also include lighting sources from commercial establishments such as illuminated signs and flashing lights. Many cities have enacted bylaws restricting or limiting the use of such signs and devices.

An interesting example of confusion caused by roadway lighting is illustrated by the admonition on the aeronautical charts for approaches to Miami Airport, warning pilots to avoid landing on the brightly lit highway adjacent to the airport.

2.5 CLUTTER

The adverse aesthetic effect caused by considerable wasted light is characterized as clutter. Clutter refers to excessive groupings of lights and is particularly noticeable on roads where the street lights are badly designed, or where brightly lit advertising surrounds the roadways. The lighting design should be used to enhance the aesthetics of the area not destroy it.

3. Consequences of light pollution

Light pollution wastes energy, obscures the night sky, harms human health, disrupts ecosystems and can reduce security.
3.1 Energy waste
Lighting consumes one fourth of all energy consumed worldwide, and case studies have shown that commonly 50 to 90 percent of building lighting is unnecessary for the purposes required. Energy is wasted when light does not fall on its intended target, as when lighting fixtures allow light to go up instead of (as is generally preferred) downward. It has been estimated by research undertaken by the International Dark Sky Association (IDA Inf. Sheet) that up to 30% of all roadway lighting is lost or misdirected from the intended source. Waste also occurs when more light is generated than needed. IDA has translated this energy loss in the United States to over $1 billion per year as well as the corresponding increases in air pollution resulting from this wasted energy.
Many governments are looking for ways to reduce energy use after signing the Kyoto Protocol, and individuals, organizations and local authorities are increasingly improving lighting efficiency in order to reduce energy consumption.

3.1.2 Over-illumination

One of the aspects of energy waste is the excessive use of light known as ‘over-illumination’. Over-illumination is responsible for approximately two million barrels of oil per day in energy wasted. This is based upon U.S. consumption of equivalent of 50 million barrels per day of petroleum, noting that 60% of U.S. supply is from natural gas, hydroelectric and other non-petroleum sources. Equivalent barrels per day of petroleum are simply an easy to visualize representation of energy use from all sources. Over 30 % of all energy, as noted in the U.S. Department of Energy source, is consumed by commercial, industrial and residential sectors. Energy audits of existing buildings demonstrate that the lighting component of residential, commercial and industrial uses consumes about 20 to 40 percent of those land uses, variable with region and land use. (Residential use lighting consumes only 10 to 30 percent of the energy bill while commercial buildings major use is lighting). Thus lighting energy accounts for about four or five million barrels of oil (equivalent) per day. Energy audit data demonstrates that about 30 to 60 percent of energy consumed in lighting is unneeded or gratuitous. An alternative calculation starts with the fact that commercial building lighting consumes in excess of 81.68 terawatts (1999 data) of electricity, according to the U.S. DOE. Thus commercial lighting alone consumes about four to five million barrels per day (equivalent) of petroleum, in line with the alternate rationale above to estimate U.S. lighting energy consumption.
Over-illumination stems from several factors:

· Not using timers, occupancy sensors or other controls to extinguish lighting when not needed. 

· Improper design, especially of workplace spaces, by specifying higher levels of light than needed for a given task.

· Incorrect choice of fixtures or light bulbs, which do not direct light into areas as needed.

· Improper selection of hardware to utilize more energy than needed to accomplish the lighting task.

· Incomplete training of building managers and occupants to use lighting systems efficiently.

· Inadequate lighting maintenance resulting in increased stray light and energy costs. 

3.2 Interference with astronomical observations

Most urban dwellers cannot see a host of objects in the night sky, with the exception of the moon and bright planets. This "whiteout" zone can stretch many tens of kilometers. This hurts amateur astronomers, and it has been suggested that it also diminishes public understanding of space, astronomy, and science in general. Light pollution has forced some professional astronomical observatories to move, such as the Royal Observatory, Greenwich, and prevents deep observations at other locations (e.g. Mount Wilson Observatory).

3.3 Effects on human health and psychology
Medical research on the effects of excessive light on the human body suggests that a variety of adverse health effects may be caused by light pollution or excessive light exposure, and some lighting design textbooks use human health as an explicit criterion for proper interior lighting. Health effects of over-illumination or improper spectral composition of light are as follows: increased headache incidence, worker fatigue, medically defined stress, decrease in sexual function and increase in anxiety.

Common levels of fluorescent lighting in offices are sufficient to elevate blood pressure by about eight points. There is some evidence that lengthy daily exposure to moderately high lighting leads to diminished sexual performance. Specifically within the USA, there is evidence that levels of light in most office environments lead to increased stress as well as increased worker errors.

Medical studies show that exposure to artificial light at night, especially during the hours from midnight to 4 am, can affect our health by tampering with our endocrine system. Human body would normally create a spike in the amount of melatonin between 2 am and 4 am. However, even though there is evidence of an increased effect from midnight to 4 am, the process that creates this spike begins at dusk and is therefore affected by artificial light in our surroundings prior to those critical hours. Even very small amounts of light can suppress the production of the hormone melatonin that affects our sleep patterns and rebuilds our immune systems. For example, exposure to 500 to 1000 lux for 1 to 2 hours before sleeping (a typical exposure of sporting teams in high-level and televised games at night) suppressed melatonin levels by 40 to 60 %.  People who work during those hours have a much higher incidence of breast and colorectal cancers. Melatonin has been proved to stop the growth of breast cancer cells in lab animals. Even nocturnal animals have a normal melatonin spike in the early morning hours that artificial light will suppress.

3.4 Disruption of ecosystems

Life evolved with natural patterns of light and dark, so disruption of those patterns influences many aspects of animal behavior. Light pollution can confuse animal navigation, alter competitive interactions, change predator-prey relations, and influence animal physiology.

The full extent of the adverse effects of light pollution on natural resources is unknown but is certainly significant.  Life on Earth evolved with a definite cyclic variation of night sky luminance of about two log10 units governed by lunar phase.  Sea creatures in particular often exhibit lunar synchronicity in their life cycles, with knowledge incomplete as to whether the processes are tidal or photometric or both. For example, beach and road lighting in several southern states of the US has led newly hatched sea turtles astray- they head for the lights rather than the ocean and generally do not survive.

Studies suggest that light pollution around lakes prevents zooplankton, such as Daphnia, from eating surface algae, helping cause algal blooms that can kill off the lakes' plants and lower water quality.

Light pollution may also affect ecosystems in other ways. For example, Lepidopterists and entomologists have documented that night-time light may interfere with the ability of moths and other nocturnal insects to navigate. Night blooming flowers that depend on moths for pollination may be affected by night lighting, as there is no replacement pollinator that would not be affected by the artificial light. This can lead to species decline of plants that are unable to reproduce, and change an area's long-term ecology.

Birds are drawn to artificially lighted towers and skyscrapers where hundreds of thousands of them die each year from collisions or exhaustion. Their vision and internal magnetic compasses seem to become dysfunctional in the artificial light.  
Nocturnal frogs and salamanders are also affected by light pollution. Since they are nocturnal, they wake up when there is no light. Light pollution may cause salamanders to emerge from concealment later, giving them less time to mate and reproduce. Artificial light seems to interfere with fireflies, which generate light for sexual communication. The consequences of artificial light at night include general disruptions in daily activity cycles, and reductions in dispersal, foraging, and reproductive opportunities.
Plant can be affected by light pollution, though little research has been done on this issue. It is well known that frequencies and intensities of light regulate the development, flowering and fruit bearing of plants. The delayed retention and earlier budding of leaves on artificially illuminated deciduous trees appears to be widely reported, and is often readily observable where street lights are close to tree branches.  Trees so affected are also subject to increased probability of frost damage to buds and leaves (USDA & BARC 1975). Tree lights also introduce the risk of physical damage by provision of underground power supply, electrical conduit fixing and luminaire attachment.
3.5 Loss of safety

It is generally agreed that many people require light to feel safe at night, but campaigners for the reduction of light pollution often claim that badly or inappropriately installed lighting can lead to a reduction in safety if measured objectively, and that at the very least, it is wrong to assume that simply increasing light at night will lead to improved safety.

The International Dark-Sky Association claims there are no good scientific studies that convincingly show a relationship between lighting and crime. Furthermore, the association claims that badly installed artificial lights can create a deeper contrast of shadows in which criminals might hide. The New England Light Pollution Advisory Group claims that some light emitted by some fixtures can be a significant hazard to motorists, pedestrians, and bicyclists due to their scattering of light and glare.

4. REDUCING LIGHT POLLUTION

The increase in our standard of living that began with the industrial revolution is continuing with today's proliferation of advanced technology. This is seen by many as a positive force for beneficial change but it has brought with it some negative effects.

In the past decade there has been increased awareness of the pollution of the air and waterways by toxic chemicals and other deleterious refuse from the modern society. In addition to the chemical pollution, the sky is receiving light pollution from expanding towns and cities. Along with the physical effects of environmental pollution there is a psychological loss with the degradation of the natural environment. The combined effects of glare, light trespass and sky glow produces an artificial environment in and around cities and towns. On the economic side, it can contribute to the devaluation of one's home and property by reducing its attractiveness to potential buyers.

A number of educational, research, and developmental efforts addressing light pollution are underway, including work to design lighting equipment that produces less light pollution; but the main efforts currently involve education and legislation.
In response to the demand to reduce light pollution, research and development efforts have focused on advancements in technology to design luminaires to efficiently direct light where it is needed. Luminaire manufacturers have concentrated on providing highly efficient luminaires with given beam distributions while meeting the cutoff classifications set forth by the Illuminating Engineering Society of North America (IESNA) to reduce glare as well as wasted light. Advancements in lamp technologies have resulted in producing high efficiency light sources that reduce light pollution and have the added benefit of saving energy.
In an effort to increase public awareness on the topic of quality outdoor lighting, the number of countries, local, and regional lighting ordinances is growing. Many countries have adopted legislation controlling outdoor lighting, more countries have pending outdoor lighting bills in front of their legislators. Numerous adopted and pending local ordinances pertain to the lighting of cities, towns, and counties.
Legislation typically includes requirements for full cutoff luminaires, minimum light levels, lumen or wattage limitations, light source type limitations, controlled operating periods, curfews, and the elimination of certain kinds of lighting. (Curfews for outdoor lighting are generally defined by local planning authorities based on anticipated use of the area and, thus, a need for lighting. During pre-curfew times, the need for lighting is warranted, so lighting levels are generally higher than during post-curfew times). In addition to preserving dark skies, legislation is being justified on the basis of minimizing wasted energy and money, reducing unwanted light on adjoining properties (such as light in bedroom windows), reducing glare, and preserving animal breeding and migration habitats.
Luminaires are designed to have lighting distributions that are appropriate for specific applications. Virtually any luminaire can generate sky glow, light trespass, and glare if installed improperly or in the wrong application. These problems can be avoided by selecting luminaires that have the appropriate distribution for the application and installing them correctly to limit spill light and uplight.

4.1 lighting environmental zones

Although the goal may be to eliminate light pollution, in some locations light pollution cannot be avoided altogether. The environmental consequences of the pollution, however, need not be equally detrimental across all locations. The Commission Internationale de l ’Eclairage (CIE) has outlined four environmental zones to establish a basis for outdoor lighting regulations (CIE 1997). The environmental zone rating can be used to help ensure that the lighting goals of an environment are appropriately defined and met, but not exceeded. The Illuminating Engineering Society of North America (IESNA) has adopted the concept of environmental zones (described in Table1) and recommends their use in developing new outdoor lighting (IESNA 1999). In some states legislation is being considered that would restrict outdoor lighting by environmental zone. For example, California has drafted environmental legislation that includes the designation of outdoor lighting zones (CEC 2002). Application of environmental zones is first envisioned for the protection of natural park preserves and astronomical observatories. Environmental zones promise to reduce overall light pollution by helping to limit, or in some cases eliminate, light wastage.

                       Table 1. Description of the lighting environmental zones, 
                       as adapted by IESNA
	Zone rating
	Description

	E1
	Areas with intrinsically dark landscapes

National parks or residential areas with strict limits on light trespass

Roads usually unlit

	E2
	Areas of low ambient brightness

Outer urban or rural residential areas

	E3
	Areas medium ambient brightness

Urban residential areas

	E4
	Areas of high ambient brightness

Urban areas, residential and commercial with high levels of night time activity 


The IESNA gives recommendations for pre-curfew and post-curfew light levels to limit light trespass (IESNA 1999). Pre-curfew is from dusk until 11:00 p.m. local time, when the area being illuminated is more likely to be in use. Post-curfew is from 11:00 p.m. to 7:00 a.m. local time. Recommended lighting levels are higher during pre-curfew time (IESNA 1999). The Institution of Lighting Engineers (ILE) provides guidelines on obtrusive light limits for sky glow, light trespass, and glare in exterior lighting installations (ILE 2000).
4.2 REDUCING SKY GLOW

While it is difficult to accurately model sky glow, at this point it is presumed that the most important factors are light output and lamp spectral characteristics, light distribution from the luminaire, reflected light from the ground, and aerosol particle distribution in the atmosphere. If the quantity of light going into the sky is reduced, then sky glow is reduced. Thus, current practice is to reduce sky glow by:
· Using full cutoff luminaires to minimize the amount of light emitted upward directly from the luminaire.
· Reducing light levels
· Turning off unneeded lights
· Limiting lighted hours of outdoor sales areas, parking areas, and signs around important observing sights
· Limiting lighting installations
· Mandating low-pressure sodium light sources, which allow astronomers to filter the line spectra from telescopic images.
For reducing sky glow, the Institution of Lighting Engineers (ILE) has suggested limits on the amount of luminaire-emitted light that goes directly into the sky. The ILE’s limits are specified by environmental zone, as shown in Table 2.
                       Table 2. Limits on sky glow for different environmental

                       zones

	Environmental zone
	Sky glow ULR* (max %)

	E1
	0.0

	E2
	2.5

	E3
	5.0

	E4
	15.0


                       *URL is the Upward Light Ratio of the installation and is the

                       maximum permitted percentage of luminaire flux for the total

                       installation that goes directly into the sky.

4.3 CONTROLLING LIGHT TRESPASS

Light trespass may be controlled or minimized by following the general suggestions provided by the Illuminating Engineering Society of North America (IESNA 1999):
· Consider the surrounding area during the lighting design, and select luminaires, locations, and orientations that minimize spill light onto adjacent properties.
· Select luminaires that control the intensity (candela) distribution.
· Use well -shielded luminaires.
· Keep floodlight aiming angles low so that the entire beam falls within the intended lighted area.
The Institution of Lighting Engineers (ILE) has suggested limits on light trespass in terms of the amount of light that is cast on the surface of a window for different environmental zones (see Table 3).

                 Table 3. Limits on light trespass for different environmental

                  zones

	Environmental zone
	Light into windows, vertical illuminance (lux)

	
	Before curfew
	After curfew

	E1
	2
	1*

	E1
	5
	1

	E3
	10
	2

	E4
	25
	5


                  *Acceptable from public road lighting installations only

The Institution of Lighting Engineers (ILE) has suggested limits on building luminance to avoid over lighting for different environmental zones, as shown in Table 3. In the table, building luminance is applicable to buildings directly illuminated as a night-time feature as against the illumination of a building caused by spill light from adjacent floodlights or floodlights fixed to the building but used to light an adjacent area although this should be kept to a minimum.

                  Table 4. Limits on building luminance for different environ-

                  mental zones

	Environmental zone
	Building Luminance Before curfew

	
	Luminance Average (cd/m2)
	Maximum Luminance (cd/m2)

	E1
	0
	0

	E1
	5
	10

	E3
	10
	60

	E4
	25
	150


4.4 CONTROLLING GLARE

The cutoff classifications of the Illuminating Engineering Society of North America (IESNA) were developed to control glare. The IESNA full cutoff, cutoff, and semicutoff designations limit the intensity values in the glare zone. The Institution of Lighting Engineers (ILE) has suggested limits for glare for the different environmental zones, as shown in Table 4. In the table, the source intensity applies to each source in the potentially obtrusive direction, outside of the area being lit.
                  Table 5. Limits on glare for different environmental zones

	Environmental zone
	Source intensity (kilocandela)

	
	Before curfew
	After curfew

	E1
	0
	0.0

	E1
	20
	0.5

	E3
	30
	1.0

	E4
	30
	2.5


Glare and light trespass are of special concern when installing floodlights. The Commission Internationale de l’Eclairage (CIE) provides design guidelines on the sitting and aiming of floodlights (CIE in press). One objective when the lighting is installed is to ensure that, to the extent practicable, direct view of the bright parts of the floodlights is prevented from positions of importance at eye-height on neighboring properties. Where possible, shielding should be considered. To determine the mounting height of luminaires, the CIE suggests the following considerations:
· Higher mounting heights can often be more effective in controlling spill light, because floodlights with a more controlled light distribution (i.e., narrower beam) may be used, and the floodlights may be aimed in a more downward direction, making it easier to confine the light to the design area.
· Lower mounting heights increase the spill light beyond the property boundaries. To illuminate the space satisfactorily, it is often necessary to use floodlights with a broader beam and to aim the floodlights in directions closer to the horizontal than would occur when using higher mounting heights.
· Lower mounting heights make bright parts of the floodlights more visible from positions outside the property boundary, which can increase glare.
Figures 2 and 3 show how a higher mounting height compares to a lower mounting height for providing a given amount of light.

                 Figure 2. Floodlight at a higher mounting height with narrow

                 beam angle, resulting in less spill light
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                 Figure3. Floodlight at a lower mounting height with wider beam

                 angle, resulting in more spill light
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4.5 THE IESNA CUTOFF CLASSIFICATIONS

The Illuminating Engineering Society of North America (IESNA) defines several outdoor luminaire cutoff classifications, each with different photometric criteria. For these classifications, two relevant zones are defined with respect to the nadir of a luminaire (the nadir is defined as the angle that points directly downward, or 0°, from the luminaire). One zone applies to angles at or above 80 ° above nadir, and the second zone covers all angles at or above 90° above nadir, or above the horizontal plane of the luminaire (see Figure 4). Light emitted in the 80° to 90° zone is more likely to contribute to glare, and light emitted above the horizontal is more likely to contribute to sky glow.
The four IESNA classifications are defined as follows (IESNA 2000):
· Full cutoff: The luminous intensity (in candelas ) at or above an angle of 90° above nadir is zero, and the luminous intensity (in candelas) at or above a vertical angle of 80 ° above nadir does not numerically exceed 10% of the luminous flux (in lumens) of the lamp or lamps in the luminaire.
· Cutoff: The luminous intensity (in candelas) at or above an angle of 90° above nadir does not numerically exceed 2.5% of the luminous flux (in lumens) of the lamp or lamps in the luminaire, and the luminous intensity (in candelas) at or above a vertical angle of 80 ° above nadir does not numerically exceed 10% of the luminous flux (in lumens) of the lamp or lamps in the luminaire.
· Semicutoff: The luminous intensity (in candelas) at or above an angle of 90° above nadir does not numerically exceed 5% of the luminous flux (in lumens) of the lamp or lamps in the luminaire, and the luminous intensity (in candelas) at or above a vertical angle of 80° above nadir does not numerically exceed 20% of the luminous flux (in lumens) of the lamp or lamps in the luminaire.
· Noncutoff: There is no candela limitation in the zone above maximum candela.
                                   Figure 4. Angles reference by the IESA 

                                   Cut off classifications
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Luminaire classifications are defined in terms of vertical light distribution, lateral light distribution, and the control of distribution above maximum candlepower. Vertical and lateral light distributions apply primarily to the shape of the area to be illuminated. Both of these distributions can be important when determining the amount of light trespass from a source. Figure 5 illustrates four basic distributions of lighting fixtures.

                                      Figure 5. Lighting fixture distributions 
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The control of the distribution above the maximum candlepower is important for determining the amount of glare emitted by a fixture. A non cutoff fixture typically has a dropped lens or refractor. This allows the light to be more easily distributed from the fixture and permits the illumination design to be less precise, however it produces more undesirable glare. A full cutoff fixture typically has the dropped refractor replaced with a flat-glass lens. This provides much better glare control, however the illumination design must be much more precise to maintain lighting uniformity. Figure 6 illustrates the effect of noncutoff and full cutoff luminaires.

                      Figure 6. Effect of full cut-off and non cut-off luminaires
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4.5.1 IESNA classifications and direct uplight

Except for the full cutoff designation, the Illuminating Engineering Society of North America (IESNA) cutoff classifications are not a good indicator of direct uplight, because glare control was the original reason they were developed. A luminaire that has the IESNA full cutoff classification does not have any light going directly upward from the luminaire and will not, if mounted correctly, emit light directly into the sky. The direct uplight from a cutoff luminaire can vary from 0% to 16% of the total luminaire light output, and the uplight from a semicutoff luminaire can vary from 0% to 31% of the total luminaire light output.
However, careful consideration of these classification definitions can be very important when evaluating outdoor luminaires for their potential to cause light trespass or glare. The definitions are given in terms of luminous intensity (in candelas), but the values are made in reference to luminous flux of the light source (in lumens).
Casually skimming these definitions could lead to the assumption that for a cutoff luminaire, no more than 10% of the lamp luminous flux is emitted between 80° and 90° from nadir, or that no more than 2.5% of the lamp luminous flux is emitted above 90° from nadir. In fact, neither of these assumptions is correct. The following is a technical discussion of these discrepancies.

Consider the hypothetical luminous intensity distribution [shown in Figure 7] for a luminaire equipped with a 1000-lumen lamp. The luminous intensity at any angle between and including 80° and 90° from nadir is 100 candelas, which is 10% of the numerical value of the lamp lumens. The luminous intensity 90° from nadir and at any angle above is 25 candelas, which is 2.5% of the numerical value of the lamp lumens. [The distribution of the remaining 73% of lamp lumens at angles below 80° from nadir does not affect the cutoff classification of the luminaire and, thus, is not shown in Figure 7.] This hypothetical luminaire can be classified as a cutoff luminaire.

Interestingly, a luminaire with this distribution would emit 11% of the lamp lumens between 80 ° and 90° from nadir, and nearly 16% of the lamp lumens above 90° from nadir.

                        Figure 7. Hypothetical luminous intensity distribution at

                        80°-180° for a cutoff luminaire containing a 1000-lumen

                        lamp (units are in candelas)          
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The quantity of lumens emitted above 90° from nadir is calculated by multiplying the maximum allowable intensity value, 25 candelas, by the solid angle over which they are emitted, 2π steradians , totaling 157 lumens or 16% of the 1000 lumens emitted by the lamp. For the percentage of lamp lumens in the glare zone, the solid angle from 80° to 90° is approximately 1 steradian. Multiplying the solid angle, 1 steradian, by the maximum allowable intensity value, 100 candelas, the total allowable lumens in the glare zone is 109 lumens or 11% of the 1000 lumens emitted by the lamp.
Conversely, consider another hypothetical luminous intensity distribution [shown in Figure 8], also for a luminaire equipped with a 1000-lumen lamp. The luminous intensity at one angle between 80 ° and 90° from nadir is 125 candelas, exceeding 10% (100 candelas) of the numerical value of the lamp lumens. The luminous intensity at one angle above 90 ° from nadir is 40 candelas, exceeding 2.5% (25 candelas) of the numerical value of the lamp lumens. Such a luminaire would emit only 3% of the lamp lumens between 80 ° and 90 ° from nadir, and about 1% of the lamp lumens above 90° from nadir. [As in the example above, the distribution of the remaining 96% of lamp lumens at angles below 80° from nadir does not impact the luminaire's cutoff classification and, thus, is not shown in Figure 13.] Because of its luminous intensity values, this luminaire cannot be classified as a cutoff luminaire even though it emits significantly less light upward than the [previously shown] hypothetical luminaire [Figure 7]. Indeed, even if this same luminaire were fully shielded so that it emitted no light above 90°, it could not be considered a full cutoff or even a cutoff luminaire, because of its higher-than permitted intensity at one angle between 80° and 90 °.

                        Figure 8. Hypothetical luminous intensity distribution at

                        80°-180° for a luminaire containing a 1000-lumen lamp

                        failing to meet the cutoff classification (units are in

                        candelas)
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Certainly, these luminous intensity distribution examples represent extreme cases. They do, however, serve to emphasize the caution that is required when interpreting the various cutoff classifications. If, for example, one is concerned about minimizing direct uplight from a luminaire, it is not necessarily true that a cutoff luminaire will emit a smaller proportion of its luminous flux upward than a semicutoff (or even a non cutoff) luminaire, even if the luminaires are equipped with the same lamp. A full cutoff luminaire, on the other hand, will never emit direct uplight.
The best way to estimate the luminous flux emitted directly upward by a particular luminaire is to consult a zonal luminous flux summary prepared by the luminaire's manufacturer.
Continuing with the logic above and generalizing for each cutoff classification, ranges of lumen percentage are shown in Table 5 in terms of uplight and lumens in the glare zone. The direct uplight of a luminaire that has the IESNA semicutoff classification theoretically can vary from 0% to 31% of the total lamp lumens and the lumens in the glare zone can vary from 0% to 22%.

          Table 6. Allowable range of the lumens being emitted up and in the

          glare zone

	Luminaire classification
	Range of allowable lumens emitted upward
	Range of allowable lumens emitted between 80° and 90°

	Full cutoff
	0
	0 – 11%

	Cutoff
	0 – 16%
	0 – 11%

	Semicutoff
	0 – 31%
	0 – 22%


4.5.2 The difference between full cutoff and fully shielded
The term full cutoff has and is being used to describe luminaires that have no direct uplight (no light emitted above horizontal). However, in addition to that limitation, the Illuminating Engineering Society of North America (IESNA) definition also requires luminaires to comply with the glare requirement limiting intensity of light from the luminaire in the region between 80° and 90°.
The term full cutoff is often substituted for the term fully shielded. The terms are not equivalent. Fully shielded luminaires emit no direct uplight, but have no limitation on the intensity in the region between 80 ° and 90 °. Luminaires that fall under the IESNA full cutoff, cutoff, semicutoff, and noncutoff definitions, may also qualify as fully shielded. It may be obvious that a luminaire that is characterized as an IESNA full cutoff luminaire is fully shielded, but not as obvious when luminaires with other IESNA classifications may also qualify. Consider a semicutoff luminaire containing a 1000 lumen lamp that has no direct uplight but a candela value of 150 between 80° and 90 °. This luminaire is considered to be fully shielded. However, if it were mistakenly labeled a full cutoff luminaire, this can become quite confusing.

There is also a confusing assumption that a luminaire with a flat lens qualifies as a full cutoff luminaire. While this may be true sometimes, it is not always the case. Depending on the structure of the luminaire, reflections off the housing may result in some amount of direct uplight from the luminaire. Consider the hypothetical luminaire in Figure 9. Reflections from below the lens may result in some direct uplight from the luminaire. The IESNA full cutoff classification also has a limitation on light in the glare zone between 80 ° and 90 °. A flat lens on a luminaire does not guarantee that this requirement is met.
                                    Figure 9. Example of a flat lens luminaire

                                    that may have some uplight reflected from

                                    the mechanical structures below the lens
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4.5.3 Advantage and disadvantage of full cutoff fixtures
The use of full cutoff fixtures may help to reduce sky glow by preventing light from escaping unnecessarily. Full cutoff fixtures usually prevent luminaries from being directly visible, so the effects of glare may also be reduced by the nature of their design. Campaigners also commonly argue that full cutoff fixtures are more efficient than other fixtures, since light that would otherwise have escaped into the atmosphere is instead directed towards the ground.

The use of full cutoff fixtures may allow for lower powered bulbs to be used in the fixture with the same or sometimes better effect due to being more carefully controlled. In every lighting system, some sky glow also results from light reflected from the ground. This reflection can be reduced, however, by being careful to avoid overpowering the lamp within the fixtures, and setting spacing between lights appropriately.

A common criticism of full cutoff lighting fixtures is that they are sometimes not as aesthetically pleasing to look at. This is most likely because historically there has not been a large market specifically for full cutoff fixtures. Due to the specificity with their direction of light, full cutoff fixtures sometimes also require expertise to install for maximum effect.

Another criticism of full cutoff lighting is that luminaires with full cutoff distributions typically have to be closer together than other light distributions used to meet the same roadway lighting requirements specified by the Illuminating Engineering Society of North America, of light level, uniformity and glare. This means that using full cutoff luminaires corresponds to increased initial costs, maintenance costs, operating costs, energy use, energy pollution, and possibly light pollution, compared to using other distributions to meet the same roadway lighting requirements.

4.6 Adjusting the types of light sources

Several different types of light sources exist, each having different properties that determine their appropriateness for certain tasks, particularly efficiency and spectral power distribution. It is often the case that inappropriate light sources have been selected for a task, either due to ignorance or because more sophisticated light sources were unavailable at the time of installation. Therefore, badly chosen light sources often contribute to light pollution unnecessarily. By re-assessing and changing the light sources used, it is often possible to reduce pollutive effects.

4.6.1 Light sources

Some types of light sources are: 

· low pressure sodium

· high pressure sodium

· metal halide

· mercury vapor

· incandescent

1. Low pressure sodium

LPS Lamps (Low Pressure Sodium), also known as SOX Lamps (Sodium OXide), consist of an outer vacuum envelope of glass coated with an infrared reflecting layer of indium tin oxide (a mixture of indium(III) oxide (In2O3) and tin(IV) oxide (SnO2)), a semiconductor material that allows the visible light wavelengths out and keeps the infrared (heat) back. It has an inner borosilicate (a particular type of glass, known under the brand names Pyrex ) 2 ply glass U shaped tube containing sodium metal and a small amount of neon and argon gas Penning mixture (a mixture of one inert gas with a tiny amount of another gas, one that has lower ionization voltage than the main constituent ) to start the gas discharge, so when the lamp is turned on it emits a dim red/pink light to warm the sodium metal and within a few minutes it turns into the common bright orange/yellow color as the sodium metal vaporizes. These lamps produce a virtually monochromatic light in the 589.3 nm wavelength. As a result, objects have no color rendering under a LPS light and are seen only by their reflection of the 589.3 nm light.

LPS lamps are the most efficient electrically powered light source — up to 200 lm/W, when measured for photopic lighting conditions. As a result they are widely used for outdoor lighting such as street lights and security lighting where color rendition is viewed by many to be less important. LPS lamps are available with power ratings from 10 W up to 180 W; however length increases greatly with wattage creating problems for designers.

2. High pressure sodium

High pressure sodium (HPS) lamps are smaller and contain some other elements (for example, mercury), produce a dark pink glow when first struck, and produce a pinkish orange light when warmed up. The sodium D-line is the main source of light from the HPS lamp, and it is extremely pressure broadened by the high sodium pressures in the lamp, hence colors of objects under them can be distinguished. This leads them to be used in areas where good color rendering is important, or desired.

High pressure sodium lamps are quite efficient — about 100 lm/W, up to 150 lm/W, when measured for Photopic lighting conditions. They have been widely used for outdoor lighting such as streetlights and security lighting. Understanding the change in human colour vision sensitivity from Photopic to Mesopic and Scotopic is essential for proper planning when designing lighting for roads.

3. Metal halide

Metal halide lamps, a member of the high-intensity discharge (HID) family of lamps, produce high light output for their size, making them a compact, powerful, and efficient light source. Like most HID lamps, metal halide lamps operate under high pressure and temperature, and require special fixtures to operate safely. They are also considered a "point" light source, so reflective luminaires are often required to concentrate the light for purposes of the lighting application.

Metal halide lamps have a metal base (in some cases they are double-ended) that allows an electrical connection. They are covered with an outer glass shield (or glass bulb) to protect the inner components and provide a shield to UV light generated by the mercury vapor. Inside the glass shield, a series of support and lead wires hold the inner fused quartz arc tube (a type of glass containing primarily silica in amorphous (non-crystalline) form) and its embedded tungsten electrodes. It is within the arc tube that the light is actually created.

Metal halide lamps produce light by passing an electric arc through a mixture of gases. In a metal halide lamp, the compact arc tube contains a high-pressure mixture of argon, mercury, and a variety of metal halides. The mixture of halides will affect the nature of light produced, influencing the correlated color temperature and intensity (making the light bluer, or redder). The argon gas in the lamp is easily ionized, and facilitates striking the arc across the two electrodes when voltage is first applied to the lamp. The heat generated by the arc then vaporizes the mercury and metal halides, which produce light as the temperature and pressure increases. Metal halide lamps require auxiliary equipment to provide proper starting and operating voltages and regulate the current flow in the lamp.

About 24% of the energy used by metal halide lamps produces light (65-115 lm/W), making them generally more efficient than fluorescent lamps, and substantially more efficient than incandescent bulbs.

Some metal halide lamps can deliver very clean "white" light that has a color-rendering index (CRI). With the introduction of specialized metal halide mixtures, metal halide lamps can have a correlated color temperature as low as 3000K (very yellow) to 20,000K (very blue). Some specialized lamps have been created specifically for the spectral absorption needs of plants (hydroponics and indoor gardening) or animals (indoor aquariums). Due to tolerances in the manufacturing process, color temperature can vary slightly from lamp to lamp, and the color properties of metal halide bulbs cannot be predicted with 100% accuracy. Moreover, color properties can change over the lifetime of the bulb.

4. Mercury vapor 

A Mercury-vapor lamp is a gas discharge lamp which uses mercury in an excited state to produce light. The arc discharge is generally confined to a small fused quartz tube mounted within a larger borosilicate glass bulb. The outer bulb may be clear or coated with a phosphor; in either case, the outer bulb provides thermal insulation, protection from ultraviolet radiation, and a convenient mounting for the fused quartz arc tube.

Mercury vapor lamps (and their relatives) are often used because they are relatively efficient. Phosphor coated bulbs offer better color rendition than either high- or low-pressure sodium vapor lamps. They also offer a very long lifetime, as well as intense lighting for several applications.

When the lamp is first turned on, mercury-vapor lamps will produce a dark blue glow because only a small amount of the mercury is ionized and the gas pressure in the arc tube is very low (so much of the light is produced in the ultraviolet mercury bands). As the main arc strikes and the gas heats up and increases in pressure, the light shifts into the visible range and the high gas pressure causes the mercury emission bands to broaden somewhat, producing a light that appears more-white to the human eye (although it is still not a continuous spectrum). Even at full intensity, the light from a mercury vapor lamp with no phosphors is distinctly bluish in color.

To correct the bluish tinge, many mercury vapor lamps coat the inside of the outer bulb with a phosphor that converts some portion of the ultraviolet emissions into red light. This helps to fill in the otherwise very-deficient red end of the electromagnetic spectrum. These lamps are generally called "color corrected" lamps. Most modern mercury vapor lamps have this coating. One of the original complaints against mercury lights was they tended to make people look like "bloodless corpses" because of the lack of light from the red end of the spectrum. There is also an increase in red color (e.g., due to the continuous radiation) in ultra-high pressure mercury vapor lamps (usually greater than 200 atm.) which has found application in modern compact projection devices.

5. Incandescent

The incandescent light bulb or incandescent lamp is a source of artificial light that works by incandescence. An electric current passes through a thin filament, heating it and causing it to emit light. The enclosing glass bulb prevents the oxygen in air from reaching the hot filament, which would be otherwise rapidly destroyed by oxidation.

Incandescent light bulbs consist of a glass enclosure (the "envelope") which either contains a vacuum or is filled with a low-pressure noble gas. Irving Langmuir found that filling the bulb with an inert gas reduces evaporation of the filament and reduces the required strength of the glass. Inside of the bulb is a filament of tungsten wire, through which an electrical current is passed. The current heats the filament to an extremely high temperature (typically 2000 to 6000 K depending on the filament type, shape, and amount of current passed through). Heated electrons in the continuous energy bands of tungsten become excited and then transition to lower energy states of the solid. As they do, they release thermally equilibrated photons which have a black body spectrum. This spectrum, unlike those caused by non-equilibrium atomic or molecular transitions such as in a mercury-vapor lamp, is continuous, typically peaking in the visible light but also containing significant energy in the near-infrared wavelengths.

Incandescent light bulbs usually also contain a glass mount on the inside, which supports the filament and allows the electrical contacts to run through the envelope without gas/air leaks. Many arrangements of electrical contacts are used, such as a screw base (one or more contacts at the tip, one at the shell), a bayonet base (one or more contacts on the base, shell used as a contact or only used as a mechanical support), and for some lamps an electrical contact at either end of a tubular lamp. Contacts in the lamp socket allow the electrical current to pass through the filament. Power ratings range from about 0.1 watt to about 10,000 watts. To improve the efficacy of the lamp, the filament usually consists of coils of fine wire. For a 60 watt 120-volt lamp, the length of the filament is usually 6.5 feet or 2 meters.

4.6.2 Advantages and disadvantages of various types of lighting

The table below compares the types of light sources, in order of energy efficiency, lifetime, color rendition index, color temperature and colour.
                              Table 7. Comparison of different lighting types

	Lighting type
	Efficacy
(lumens/

watt)
	Lifetime
(hours)
	Color rendition index (CRI)*
	Color temperature
(K)*
	Colour

	Low-Pressure Sodium
	60–150
	12,000–18,000
	-44 (very poor)
	
	yellow

	High-pressure sodium
	50–140
	16,000–24,000
	25 (poor)
	2100 (warm)
	yellowish-pink

	Metal halide
	70–115
	5000–20,000
	70 (fair)
	3700 (cold)
	bluish-white/

white

	Mercury vapor
	25–60
	16,000–24,000
	50 (poor to fair)
	3200–7000 (warm to cold)
	blue-greenish white

	Incandescent
	10–17
	750–2500
	98–100 (excellent)
	2700–2800 (warm)
	yellow/white


*Color temperature: The color of the light source. By convention, yellow-red colors (like the flames of a fire) are considered warm, and blue-green colors (like light from an overcast sky) are considered cool. Color temperature is measured in Kelvin (K) temperature. Confusingly, higher Kelvin temperatures (3600–5500 K) are what we consider cool and lower color temperatures (2700–3000 K) are considered warm.

*Color rendition: How colors appear when illuminated by a light source. Color rendition is generally considered to be a more important lighting quality than color temperature. Most objects are not a single color, but a combination of many colors. Light sources that are deficient in certain colors may change the apparent color of an object. The Color Rendition Index (CRI) is a 1–100 scale that measures a light source's ability to render colors the same way sunlight does. The top value of the CRI scale (100) is based on illumination by a 100-watt incandescent light bulb.

                                Table 8. Qualitative comparison of lamps

	Lamp types
	Advantages
	Disadvantages

	Low pressure sodium (LPS)
	· lowest power consumption

· relatively long lifetime

· constant brightness over lifetime
	· poor colour rendering

· not in common inventory

· poor light control (large bulb)

	High pressure sodium (HPS)
	· low power consumption

· fair colour rendering

· relatively long lifetime

· good light control (small bulb)
	· brightness decreases over lifetime

· not available in low light outputs

	Metal halide (MH)
	· good colour rendering

· available from standard inventory

· good light control (small bulb)
	· less energy efficient than LPS

· brightness decreases over lifetime

· some colour change over lifetime

· relatively short lifetime

	Incandescent
	· fair colour rendering

· readily available in low power ratings
	· poor energy efficient


This table compares the qualitative virtues and drawbacks of the different types of lights; the table includes low pressure sodium and mercury vapour lights. The mercury vapour lights have almost entirely been replaced with high pressure sodium or metal halide lights. The low pressure sodium, though apparently attractive in economic terms, are not in wide spread use. It is a monochromatic light source that makes colour recognition impossible and has caused law enforcement and security problems. Also, their large bulb size makes it difficult to shield the light from unwanted areas and it is difficult to focus the light where it is wanted.

The reason for this problem is that the light source is a long tube in which the low pressure sodium gas emits light. The large dimension of the light source is comparable to the size of the focusing optics, making precise control over the illuminated foot print very difficult.

It can be concluded from studying this table that the high pressure sodium lights offer the best overall performance. Their 'warm colour' approximates that of incandescent lights. Thus, if needed for aesthetic reasons, they are a good alternative to the much less efficient incandescent bulbs and are an alternative to the white colour metal halide light sources. 

                              Table 9. Operational costs of 100 Watt lamps
	Lamps
	Lifetime (hours)
	Illumination
	Colour2
	Cost3

	
	
	
	
	Operating
	Maintenance

	LPS
	18,000
	0.315
	0
	$ 2.09
	125 %

	HPS
	20,0001
	0.513
	30
	$ 3.14
	100 %

	MH
	10,000
	0.384
	70
	$ 3.14
	150 %


1. 1994 Cooper Lighting Study in Ottawa

2. >20 gives fair colour rendering, >70 gives excellent colour rendering

3. Based on American study 

This table provides a numerical comparison of three types of light. The high pressure sodium seems to be the most economical of the three. The data has been drawn from two sources. A study of high pressure sodium lamps by Cooper Lighting in Ottawa reflects the reduced life that is caused by very cold winters.

The other costs have been drawn from American studies (Lighting Consultants, San Diego, Inc.) and are shown for comparative purposes only.

The colour rendering shows, in quantitative terms, the trade off between low pressure sodium, high pressure sodium and metal halide. Where very good colour rendering is required, metal halide lamps may be selected even though they are more expensive to operate. 

                                     Table 10. Cost comparison of luminaries

	Luminaire types
	Description
	Approximate cost1

	Design without cut off
	Standard Cobra Head
	$ 150 – 200

	Visors (after market)
	GE, Cooper Fixtures
	$ 45 – 55

	Sharp cut off design
	Flat Glass Cobra Head
	$ 200

	Sharp cut off design
	Square Pack2
	$ 350


                 1. February 1995 Prices

                 2. Better light control permits wider pole spacing

This table compares the approximate cost for various 150-watt luminaires. These costs are from quotes made by distributors in the Eastern Ontario area based on orders of a dozen or so units. Purchases of larger quantities will only slightly reduce the price. Costs of lower wattage fixtures will also reduce the price. The City of Ottawa pays about $70 for its 70 - 100 watt fixtures.

It would appear that the cost of flat glass cobra head type luminaires are essentially the same as the standard cobra designs. To put this in perspective, it should be remembered that the cost of an installation (luminaire, footing, pole, electrical wires above / below ground) is $500 to $5,000.

                                    Figure 10. Visors for standard cobra head
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The use of shields or visors reduces glare by shielding the light that shines above a horizontal plane that passes through the bottom of the fixture. In terms of the illuminated foot print, this reduces the light that falls far from the installation. However, the illumination at this distance from the pole is only about 1/100 that which falls under the lamp. Therefore, it has a negligible effect on the overall level of light distribution and the shield is very effective at reducing glare. The drawback of a shield is that it is must be correctly installed on each fixture and it does not focus the unwanted light to where it is needed. 

         Figure 11. Comparison of electricity to light conversion efficiencies
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This figure compares the amount of electricity required to illuminate an area with different types of lamps. For example, doubling the illumination without changing the amount of electricity can be accomplished by changing the lamp and its ballast from high pressure to low pressure sodium, or from metal halide to high pressure sodium (approximately). The figure also shows, at a glance, the improvement in electrical efficiency by changing from mercury vapour and incandescent lights to sodium lamps.

                         Figure 12. Advantages of using sharp cut-off luminaries
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This figure compares the ground illumination level with increasing distance from the pole (dotted line) for both standard cobra luminaries and ones with sharp cut-off optics. Also this figure shows the beneficial effects of using focusing optics to direct the light to where is needed (solid lines on the graph). The effect of the scattering lens on standard cobras results in a non-uniform light distribution between two to four pole lengths from the lamp. To the pedestrian or motorist, this appears as a rapid fall off in illumination levels away from the pole. 
      Figure 13. Comparison of illumination foot prints from various luminaries
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These two figures compare the illuminated footprints of two sharp cut-off luminaires to that of the standard cobra design (shoe box design and flat glass cobra). The optics for these luminaires were selected to provide the best roadway illumination. The sharp cut-off luminaires do not direct light out as far as the standard cobra, however, at a distance of 3 poles, the illumination level is already much less than 1/10 of that directly under the lamp and the slight deficiency is negligible.

A more useful comparison are the levels from one to two pole lengths from the lamp, since, along well travelled streets, installations are usually spaced about every four to six pole lengths. The sharp cut-off luminaires have a larger useful illuminated area under the lamp than the standard cobra luminaires. Furthermore, the sharp cut-off designs provide good illumination of the sidewalk behind the pole. This can be exploited to reduce the need for additional installations for only pedestrian use. The nominal extra cost of the sharp cut-off luminaire may be rewarded with fewer installations. 

                     Figure 14. Illumination distribution for various luminaries

These figures are plotted with data from an Ottawa Hydro Study.
                               Figure 14a. Illumination levels between poles
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Figure 14a shows that the sharp cut-off luminaire (Concourse III by Cooper Lighting) takes light from under the pole and projects it to the distance of one to two pole heights. The cost of this is a reduced level of illumination under the lamp and at mid-pole spacing.

                                Figure 14b. Illumination levels between poles
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Figure 14b shows that for a shorter spacing, illumination levels are good as or better than for standard cobra luminaires.

4.7 Re-designing lighting plans

In some cases, evaluation of existing plans has determined that more efficient lighting plans are possible. The critical factor is good design, which ensures that light is directed only where needed. Consequently, a well-designed light fixture can consume less power. Visibility and safety are maintained or even improved – simply by using less light more effectively.


There are as many sources of light pollution as there are luminaires: roadway, commercial signage, parking lot, residential property. There are three basic points that should be considered in the layout of roadway lighting. 

· Glare should be minimized to reduce masking hazards.

· Safe working conditions require a minimum amount of light. The installed lights must provide at least this minimum illumination over the specified area.

· Lights should provide uniform illumination. Large variations in illumination can cause bright areas to effectively mask the areas under lower illumination, thereby masking a potential hazard.

The selection of proper roadway luminaires has a major impact on the installation, operation and maintenance cost of the system. It will also define how well it improves the safety and security of the neighborhood as well as how much it will enhance the appearance of the community.

Minimum glare

Sharp cut-off luminaires prevent light from being emitted above the horizon. Further, it limits the amount of light that shines within 10 degrees below the horizon to less than 10% of the peak brightness. This reduces the amount of light that shines directly into the eyes of motorists and pedestrians as they look toward the light.

This requirement is not easily achieved with standard cobra head or simple light designs. A now classic example of bad lighting is the use of "Yard Lights". These spray light in all directions. Almost a third of the light is lost to the sky. Another third is directed at angles that cause extreme levels of glare leaving only 1/3 of the light to provide ground illumination. When placed along highways they create hazards by reducing the motorist's view of the road. 

Therefore, unshielded luminaires should be phased out and replace with the safer shielded or sharp cut-off luminaires.

Minimum light levels

Acceptable average light levels may not create a safe environment. Non-uniform lighting will dramatically affect the level required for safe lighting. The minimum acceptable level is approximately 1/3 the average illumination. This ensures that bright lights do not compromise visibility in adjacent areas with lower levels of illumination.

The minimum required light level depends on the illumination levels in the neighborhood. An otherwise adequately illuminated roadway may appear poorly lighted if a business is opened with extremely high levels of illumination or with a few luminaires that produce a great deal of glare. "Adequate" lighting may require the town to ’re-lamp' with much brighter roadway luminaires than previously required. This cost would be borne by the municipality. To avoid this re-lamping cost, after roadway lighting has been installed, future lighting must not be allowed to create a hazardous condition through glare or excessive localized light levels.

Therefore, control must be exercised over the type of luminaires and the illumination level around businesses and homes to ensure that safe lighting is maintained. This should be done by a lighting by-law based on a light pollution abatement policy.

Uniform illumination

The standard cobra luminaires distribute light through the scattering of light in the bulbous lens beneath the fixture. The scattering process is, by its nature, somewhat random and poorly controlled. Typical illumination patterns under a standard cobra head show high levels of illumination and a rapid fall-off further away. A series of closely spaced installations (every two or so pole lengths) are required to provide uniform illumination along a street. High wattage lamps are required to maintain minimum levels of illumination between poles. There is little flexibility with the standard cobra head lens.

Sharp cut-off luminaires provide much more control over where the light is directed. These designs distribute the light more uniformly between the poles, providing more uniform illumination and allowing wider separation yet maintaining good illumination levels along the road. Fewer installations may be required with modern luminaires.

The sharp cut-off luminaires, such as the "shoe box" or square pack designs using reflective optics, focus the light onto the edges of the illuminated footprint. This is one of the exciting features of modern lighting technology. Indeed, these new luminaires are slightly more expensive than the standard cobra head but they effectively limit glare, place the light where it is intended, and fewer installations may be required thus reducing the overall system installation, operating and maintenance costs.

Most manufacturers market sharp cut-off luminaires that carefully control the placement of the illumination footprint. These products offer improvements over the standard cobra head design. 

Cost effectiveness

The unit installation costs for outdoor lighting are considered to be constant since they will be approximately the same for the wiring (above or below ground), pedestals and poles (wooden, concrete or spun aluminium) regardless of the type of luminaire mounted on the pole. However some of the more expensive luminaires, with well designed optics, may result in a lower system cost by reducing the number of installations required for the same quality of illumination (minimal glare and good uniformity).

Sharp cut-off luminaires using reflective optics provide more uniform illumination on the ground. By reducing the maximum brightness under the lamp, a more pleasing and effective illumination can be achieved with the same or lower wattage lamp.

In addition to the glare they cause, the Yard Lights are wired to remain on from dusk to dawn. No one will notice someone passing across the yard unless people are awake. Although modern luminaires are more expensive, they may be purchased with motion sensors so that they turn on only when necessary and actually act as visual alarms to property owners, vandals and prowlers. The energy they save, even for incandescent bulbs, and security they offer, will pay for the increased cost within a few years.

Therefore, towns should actively encourage the use of motion detectors on security lights and discourage the use of "dusk to dawn" timer switches.

Model Outdoor Lighting Ordinance for Cities and Towns

(http://cfa.www.harvard.edu/~graff/nelpag/ordbylow.html)

Following is a model text for an outdoor night-lighting ordinance that cities and towns can use, based on ordinances that have been successfully implemented in Kennebunkport, Maine, and Tucson, Arizona. Replace the word "Anytown" with the name of your city or town. Of course, terms such as "Town", "Town Meeting", "Code Enforcement Officer", "building official", "Subdivision Plat", "Board of Selectmen", and "Lighting Committee" may need to be changed to conform to local usages. 

STATEMENT OF NEED AND PURPOSE: 

Good outdoor lighting at night benefits everyone. It increases safety, enhances the Town's night time character, and helps provide security.  New lighting technologies have produced lights that are extremely powerful, and these types of lights may be improperly installed so that they create problems of excessive glare, light trespass, and higher energy use. Excessive glare can be annoying and may cause safety problems. Light trespass reduces everyone's privacy, and higher energy use results in increased costs for everyone. There is a need for a lighting ordinance that recognizes the benefits of outdoor lighting and provides clear guidelines for its installation so as to help maintain and compliment the Town's character. Appropriately regulated, and properly installed, outdoor lighting will contribute to the safety and welfare of the residents of the Town.

This ordinance is intended to reduce the problems created by improperly designed and installed outdoor lighting. It is intended to eliminate problems of glare, minimize light trespass, and help reduce the energy and financial costs of outdoor lighting by establishing regulations which limit the area that certain kinds of outdoor-lighting fixtures can illuminate and by limiting the total allowable illumination of lots located in the Town of Anytown.

All business, residential, and community driveway, sidewalk and property luminaires should be installed with the idea of being a "good neighbor", with attempts to keep unnecessary direct light from shining onto abutting properties or streets.

ARTICLE 1                                

1.1. DEFINITIONS: 

For the purposes of this Ordinance, terms used shall be defined as follows:

Direct Light: Light emitted directly from the lamp, off of the reflector or reflector diffuser, or through the refractor or diffuser lens, of a luminaire.

Fixture: The assembly that houses the lamp or lamps and can include all or some of the following parts:  a housing, a mounting bracket or pole socket, a lamp holder, a ballast, a reflector or mirror, and/or a refractor or lens.

Flood or Spot light: Any light fixture or lamp that incorporates a reflector or a refractor to concentrate the light output into a directed beam in a particular direction.

Fully-shielded lights: Outdoor light fixtures shielded or constructed so that no light rays are emitted by the installed fixture at angles above the horizontal plane as certified by a photometric test report.

Glare: Light emitting from a luminaire with an intensity great enough to reduce a viewer's ability to see, and in extreme cases causing momentary blindness.

Grandfathered luminaires: Luminaires not conforming to this code that was in place at the time this code was voted into effect.  When an ordinance "grandfathers" a luminaire, it means that such already-existing outdoor lighting does not need to be changed unless a specified period is specified for adherence to the code.

Height of Luminaire: The height of a luminaire shall be the vertical distance from the ground directly below the centerline of the luminaire to the lowest direct-light-emitting part of the luminaire.

Indirect Light: Direct light that has been reflected or has scattered off of other surfaces.

Lamp:  The component of a luminaire that produces the actual light.

Light Trespass: The shining of light produced by a luminaire beyond the boundaries of the property on which it is located.

Lumen: A unit of luminous flux.  One footcandle is one lumen per square foot. For the purposes of this Ordinance, the lumen-output values shall be the INITIAL lumen output ratings of a lamp.

Luminaire:  This is a complete lighting system, and includes a lamp or lamps and a fixture.

Outdoor Lighting:  The night-time illumination of an outside area or object by any man-made device located outdoors that produces light by any means.

Temporary outdoor lighting:  The specific illumination of an outside area of object by any man-made device located outdoors that produces light by any means for a period of less than 7 days, with at least 180 days passing before being used again.

ARTICLE 2                                  

2.1. REGULATIONS:  

All public and private outdoor lighting installed in the Town of Anytown shall be in conformance with the requirements established by this Ordinance.  All previous language in Anytown bylaws and ordinances regarding outdoor lighting is replaced with this ordinance.

2.2. CONTROL OF GLARE -- LUMINAIRE DESIGN FACTORS:

A. Any luminaire with a lamp or lamps rated at a total of MORE than 1800 lumens, and all flood or spot luminaires with a lamp or lamps rated at a total of MORE than 900 lumens shall not emit any direct light above a horizontal plane through the lowest direct-light-emitting part of the luminaire.

B. Any luminaire with a lamp or lamps rate at a total of MORE than 1800 lumens, and all flood or spot luminaires with a lamp or lamps rated at a total of MORE than 900 lumens, shall be mounted at a height equal to or less than the value 3 + (D/3), where D is the distance in feet to the nearest property boundary.  The maximum height of the luminaire may not exceed 25 feet.

2.3. EXCEPTIONS TO CONTROL OF GLARE:

A. Any luminaire with a lamp or lamps rated at a total of 1800 lumens or LESS, and all flood or spot luminaires with a lamp or lamps rated at 900 lumens or LESS, may be used without restriction to light distribution or mounting height, except that if any spot of flood luminaire rated 900 lumens or LESS is aimed, directed, or focused such as to cause direct light from the luminaire to be directed toward residential buildings on adjacent or nearby land, or to create glare perceptible to persons operating motor vehicles on public ways, the luminaire shall be redirected or its light output controlled as necessary to eliminate such conditions.

B. Luminaires used for public-roadway illumination may be installed at a maximum height of 25 feet and may be positioned at that height up to the edge of any bordering property.

C. All temporary emergency lighting need by the the Police or Fire Departments or other emergency services, as well as all vehicular luminaires, shall be exempt from the requirements of this article.

D. All hazard warning luminaires required by Federal regulatory agencies are exempt from the requirements of this article, except that all luminaries used must be red and must be shown to be as close as possible to the Federally required minimum lumen output requirement for the specific task.

E. Luminaires used primarily for sign illumination may be mounted at any height to a maximum of 25 feet, regardless of lumen rating.

F. Law Governing Conflicts. Where any provision of federal, state, county, or town statutes, codes, or laws conflicts with any provision of this code, the most restrictive shall govern unless otherwise regulated by law.

2.4. OUTDOOR ADVERTISING SIGNS.

A. Top Mounted Fixtures Required.  Lighting fixtures used to illuminate an outdoor advertising sign shall be mounted on the top of the sign structure. All such fixtures shall comply with the shielding requirements of Section 2.2. Bottom-mounted outdoor advertising-sign lighting shall not be used.

B. Outdoor advertising signs of the type constructed of translucent materials and wholly illuminated from within do not require shielding. Dark backgrounds with light lettering or symbols are preferred, to minimize detrimental effects.  Unless conforming to the above dark background preference, total lamp wattage per property shall be less than 41 watts.

C. Compliance Limit. Existing outdoor advertising structures shall be brought into conformance with this Code within ten years from the date of adoption of this provision.

D. Prohibitions. Electrical illumination of outdoor advertising off-site signs between the hours of 11:00 p.m. and sunrise is prohibited.

2.5. RECREATIONAL FACILITIES.

A. Any light source permitted by this Code may be used for lighting of outdoor recreational facilities (public or private), such as, but not limited to, football fields, soccer fields, baseball fields, softball fields, tennis courts, or show areas, provided all of the following conditions are met: 

B. All fixtures used for event lighting shall be fully shielded as defined in   Section 2.2 of this Code, or be designed or provided with sharp cut-off capability, so as to minimize up-light, spill-light, and glare.

C. All events shall be scheduled so as to complete all activity before or as near to 10:30 p.m. as practical, but under no circumstances shall any illumination of the playing field, court, or track be permitted after 11:00 p.m. except to conclude a scheduled event that was in progress before 11:00 p.m. and circumstances prevented concluding before 11:00 p.m.

2.6. PROHIBITIONS.

A. 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.

B. Searchlights. The operation of searchlights for advertising purposes is prohibited.

C. Outdoor Advertising Off-Site Signs. Electrical illumination of outdoor advertising off-site signs is prohibited between the hours of 11:00 p.m. and sunrise.

2.7. TEMPORARY OUTDOOR LIGHTING.

Any temporary outdoor lighting that conforms to the requirements of this Ordinance shall be allowed. Nonconforming temporary outdoor lighting may be permitted by the Board of Selectmen after considering:  

A. The public and/or private benefits that will result from the temporary lighting; 

B. Any annoyance or safety problems that may result from the use of the temporary lighting; 

C. The duration of the temporary nonconforming lighting. The applicant shall submit a detailed description of the proposed temporary nonconforming lighting to the Board of Selectmen, who shall consider the request at a duly called meeting of the Board of Selectmen.  Prior notice of the meeting of the Board of Selectmen shall be given to the applicant and to the Anytown Lighting Committee.  The Board of Selectmen shall render its decision on the temporary lighting request within two weeks of the date of the meeting.  A failure by the Board of Selectmen to act on a request within the time allowed shall constitute a denial of the request.

ARTICLE 3                                 

3.1. EFFECTIVE DATE AND GRANDFATHERING OF NONCONFIRMING LUMINAIRES:

This ordinance shall take effect immediately upon approval by the voters of the Town of Anytown at an annual or special Town Meeting and shall supersede and replace all previous ordinances pertaining to outdoor lighting.

All luminaires lawfully in place prior to the date of the Ordinance shall be grandfathered.  However, any luminaire that replaces a grandfathered luminaire, or any grandfathered luminaire that is moved, must meet the standards of this Ordinance.  Advertising signs are grandfathered only for a period of ten years, as specified in section 2.4.C.

Grandfathered luminaires that direct light toward streets or parking lots that cause disability glare to motorists or cyclists should be either shielded or re-directed within 90 days of notification, so that the luminaries do not cause a potential hazard to motorists or cyclists.

ARTICLE 4                                  

4.1. NEW SUB-DIVISION CONTRUCTION.

A. Submission Contents. The applicant for any permit required by any provision of the laws of this jurisdiction in connection with proposed work involving outdoor lighting fixtures shall submit (as part of the application for permit) evidence that the proposed work will comply with this Code.  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:

Plans indicating the location on the premises, and the type of illuminating devices, fixtures, lamps, supports, reflectors, and other devices;

Description of the illuminating devices, fixtures, lamps, supports, reflectors, and other devices and the description may include, but is not  limited to, catalog cuts by manufacturers and drawings (including sections  where required);

Photometric data, such as that furnished by manufacturers or similar showing the angle of cut off or light emissions.

B. Additional Submission. The above required plans, descriptions an data shall be sufficiently complete to enable the plans examiner 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, by reason of the nature or configuration of the devices, fixtures, or lamps proposed, 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.

C. Subdivision Plat Certification. If any subdivision proposes to have installed street or other common or public area outdoor lighting, the final plat shall contain a statement certifying that the applicable provisions of the Town of Anytown Outdoor Lighting Code will be adhered to.

D. Lamp or Fixture Substitution. Should any outdoor 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 building official for his approval, together with adequate information to assure compliance with this code, which must be received prior to substitution.

ARTICLE 5                                 

5.1. NOTIFICATION REQUIREMENTS:

A.  The Town of Anytown building permit shall include a statement asking whether the planned project will include any outdoor lighting.

B.  Within 30 days of the enactment of this ordinance, the Code Enforcement Officer shall send a copy of the Outdoor Lighting Ordinance, with cover letter to all local electricians and local electric utility (including at least those in the Towns of Anytown, [list immediately-adjacent towns here], as listed in the Yellow Pages).

ARTICLE 6                                  

6.1. VIOLATIONS, LEGAL ACTIONS, AND PENALTIES:

A.  Violation. It shall be a civil infraction for any person to violate any of the provisions of this Code. Each and every day during which the violation continues shall constitute a separate offense.

B. Violations and Legal Actions: If, after investigation, the Code Enforcement Officer finds that any provision of the Ordinance is being violated, he shall give notice by hand delivery or by certified mail, return-receipt requested, of such violation to the owner and/or to the occupant of such premises, demanding that violation be abated within thirty (30) days of the date of hand delivery or of the date of mailing of the notice.  If the violation is not abated within the thirty-day period, the Code Enforcement Officer may institute actions and proceedings, either legal or equitable, to enjoin, restrain, or abate any violations of this Ordinance and to collect the penalties for such violations.

C. Penalties:  A violation of this Ordinance, or any provision thereof, shall be punishable by a civil penalty of not less than fifty dollars nor more than one thousand dollars for any individual (and not more than ten thousand dollars for any corporation, association, or other legal entity) for each violation.  The imposition of a fine under this Code shall not be suspended.  Each day of violation after the expiration of the thirty-day period provided in paragraph B shall constitute a separate offense for the purpose of calculating the civil penalty.

Tucson and Pima County Arizona
Outdoor Lighting Control Ordinances

Text of the ordinance is courtesy of the International Dark-Sky Association
Ordinance No. 8210. Tucson/Pima County Outdoor Lighting Code, 1994 Edition
(This is the City of Tucson version, with a few notes of differences to the County Code.)
Passed by the Mayor and Council of the City of Tucson, Arizona, 21 March 1994.

Section 1. Purpose and Intent. The purpose of this Code is to provide standards for outdoor lighting so that its use does not unreasonably interfere with astronomical observations. It is the intent of this Code to encourage, through the regulation of the types, kinds, construction, installation, and uses of outdoor electrically powered illuminating devices, lighting practices and systems to conserve energy without decreasing safety, utility, security, and productivity while enhancing nighttime enjoyment of property within the jurisdiction. 

Section 2. Conformance with Applicable Codes. All outdoor electrically powered 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. 

Section 3. Approved Materials and Methods of Construction or Installation/Operation. 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. The building official may approve any such proposed alternate providing he 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; or 

c. has been designed or approved by a registered professional engineer and content and function promotes the intent of this Code.

Section 4. Definitions. As used in this Code, unless the context clearly indicates, certain word and phrases used in this chapter shall mean the following:

Sec. 4.1. "Person" means any individual, tenant, lessee, owner, or any commercial entity including but not limited to firm, business, partnership, joint venture or corporation. 

Sec. 4.2. "Installed" means the attachment, or assembly fixed in place, whether or not connected to a power source, of any outdoor light fixture. 

Sec. 4.3. "Outdoor light fixture" means outdoor electrically powered illuminating devices, outdoor lighting or reflective surfaces, lamps and similar devices, permanently installed or portable, used for illumination or advertisement. Such devices shall include, but are not limited to search, spot, and flood lights for: 

1. buildings and structures;
2. recreational areas;
3. parking lot lighting;
4. landscape lighting;
5. billboards and other signs (advertising or other);
6. street lighting;
7. product display area lighting;
8. building overhangs and open canopies. 

Sec. 4.4. "Area A" means the circular area, thirty-five miles in radius, the center of which is the center of the Kitt Peak National Observatory; the circular area, twenty-five miles in radius, the center of which is the center of Mount Hopkins Observatory; while the boundary lines for Area A around Mt. Lemmon are defined as: The Pinal County line on the north, along the center line of the Santa Cruz River, to the center line of the Rillito Creek, to the center line of Tanque Verde Creek with the junction to the northern border of the Saguaro National Monument, then along that border until it ends on the east side and bends east to the County line.

Sec 4.5. "Area B" means all area outside Area A and outside the territorial limits of every Indian reservation lying wholly or partially within Pima County.

Section 5. Shielding. All nonexempt outdoor lighting fixtures shall have shielding as required by Table 5 of this Code.

Sec. 5.1. "Fully shielded" means outdoor light fixtures shielded or constructed so that no light rays are emitted by the installed fixture at angles above the horizontal plane as certified by a photometric test report.

Sec. 5.2. "Partially shielded" means outdoor light fixtures shielded or constructed so that no more than ten percent of the light rays are emitted by the installed fixture at angles above the horizontal plane as certified by a photometric test report.

	Table 11: Shielding Requirements

	
	Area A
	Area B

	Fixture Lamp Type
	Shielded
	Shielded

	Low pressure sodium(1)
	Partially
	Partially

	High pressure sodium
	Prohibited except fully shielded on arterial streets and collector streets of 100 ft or more in right of way width.
	Fully

	Metal halide
	Prohibited(7)
	Fully(2,6)

	Fluorescent
	Fully(3,5)
	Fully(3,5)

	Quartz(4)
	Prohibited
	Fully

	Incandescent greater than 160 watt
	Fully
	Fully

	Incandescent 160 watt or less
	None
	None

	Any light source of 50 watt or less
	None
	None

	Glass tubes filled with neon, argon, krypton
	None
	None

	Other sources
	As approved by the Building Official

	Footnotes: 

1. This is the preferred light source to minimize undesirable light emission into the night sky affecting astronomical observations. Fully shielded fixtures are preferred but not required. 

2. Metal halide lighting, used primarily for display purposes, shall not be used for security lighting after 11:00 pm or after closing hours if before 11:00 pm. Metal halide lamps shall be installed only in enclosed luminaries. 

3. Outdoor advertising signs of the type constructed of translucent materials and wholly illuminated from within do not require shielding. Dark backgrounds with light lettering or symbols are preferred, to minimize detrimental effects. Unless conforming to the above dark background preference, total lamp wattage per property shall be less than 41 watts in Area A. 

4. For the purposes of this Code, quartz lamps shall not be considered an incandescent light source. 

5. Warm white and natural lamps are preferred to minimize detrimental effects. 

6. For filtering requirements for metal halide fixture lamp types see Section 6. 

7. Fully shielded and installed metal halide fixtures shall be allowed for applications where the designing engineer deems that color rendering is critical. 


Section 6. Filtration. Metal halide fixture lamps types shall be filtered. "Filtered" means any outdoor light fixture which has a glass, acrylic, or translucent enclosure of the light source (quartz glass does not meeting this requirement).

Section 7. Outdoor Advertising Signs. 

Sec 7.1. Top Mounted Fixtures Required. Lighting fixtures used to illuminate an outdoor advertising sign shall be mounted on the top of the sign structure. All such fixtures shall comply with the shielding requirements of Section 5 and the time controls of minor Section 9.5. (The County has made an exception for some of the largest signs, but tight restrictions are given for lighting performance.)

Sec. 7.2. (City only.) Prohibitions. See Section 9.5 for prohibitions. 

Sec. 7.2. (County only.) Compliance Limit. Existing outdoor advertising structures shall be brought into conformance with this Code within three years from the date of adoption of this provision. 

Sec. 7.3. (County only.) Prohibitions. Electrical illumination of outdoor advertising off-site signs is prohibited in Area A. Electrical illumination of outdoor advertising off-site signs between the hours of 11:00 p.m. and sunrise is prohibited in Area A.

Section 8. Submission of Plans and Evidence of Compliance with Code- Subdivision Plats.

Sec 8.1. Submission Contents. The applicant for any permit required by any provision of the laws of this jurisdiction in connection with proposed work involving outdoor lighting fixtures shall submit (as part of the application for permit) evidence that the proposed work will comply with this Code. 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: 

1. plans indicating the location on the premises, and the type of illuminating devices, fixtures, lamps, supports, reflectors, and other devices; 

2. description of the illuminating devices, fixtures, lamps, supports, reflectors, and other devices and the description may include, but is not limited to, catalog cuts by manufacturers and drawings (including sections where required); 

3. photometric data, such as that furnished by manufacturers, or similar showing the angle of cut off or light emissions. 

Sec 8.2. Additional Submission. The above required plans, descriptions and data shall be sufficiently complete to enable the plans examiner 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, by reason of the nature or configuration of the devices, fixtures, or lamps proposed, 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. 

Sec. 8.3. Subdivision Plat Certification. If any subdivision proposes to have installed street or other common or public area outdoor lighting, the final plat shall contain a statement certifying that the applicable provisions of the Tucson/Pima County Outdoor Lighting Code will be adhered to. 

Sec 8.4. Lamp or Fixture Substitution. Should any outdoor 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 building official for his approval, together with adequate information to assure compliance with this code, which must be received prior to substitution.

Section 9. Prohibitions.

Sec 9.1. Mercury Vapor Lamps Fixtures and Lamps. The installation, sale, offer for sale, lease or purchase of any mercury vapor fixture or lamp for use as outdoor lighting is prohibited. 

Sec 9.2. Certain Other Fixtures and Lamps. The installation, sale, offering for sale, lease or purchase of any low pressure sodium, high pressure sodium, metal halide, fluorescent, quartz or incandescent outdoor lighting fixture or lamp the use of which is not allowed by Table 5 is prohibited. 

Sec 9.3. Laser Source Light. Except as provided in minor Section 9.4, the use of laser source light or any similar high intensity light for outdoor advertising or entertainment, when projected above the horizontal is prohibited. 

Sec 9.4. Searchlights. The operation of searchlights for advertising purposes is prohibited in Area A and is prohibited in unincorporated Pima County. In the territorial limits of the City of Tucson, the operation of searchlights for advertising purposes is prohibited in Area A and is prohibited in Area B between 10:00 p.m. and sunrise the following morning. 

Sec. 9.5. (City only.) Outdoor Advertising Off-Site Signs. Electrical illumination of outdoor advertising off-site signs is prohibited in Area A. Electrical illumination of outdoor advertising off-site signs between the hours of 11:00 p.m. and sunrise is prohibited in Area B.

Section 10. Special Uses.

Sec 10.1. Recreational Facilities. Any light source permitted by this Code may be used for lighting of outdoor recreational facilities (public or private), such as, but not limited to, football fields, soccer fields, baseball fields, softball fields, tennis courts, auto race tracks, horse race tracks or show areas, provided all of the following conditions are met: 

a. Lighting for parking lots and other areas surrounding the playing field, court, or track shall comply with this Code for lighting in the specific Area as defined in Section 4.4 and 4.5 of this Code. 

b. All fixtures used for event lighting shall be fully shielded as defined in Section 5 of this Code, or be designed or provided with sharp cut-off capability, so as to minimize up-light, spill-light, and glare. 

c. All events shall be scheduled so as to complete all activity before or as near to 10:30 p.m. as practical, but under no circumstances shall any illumination of the playing field, court, or track be permitted after 11:00 p.m. except to conclude a scheduled event that was in progress before 11:00 p.m. and circumstances prevented concluding before 11:00 p.m. 

Exception: (City only.) Any portion of a recreational facility located within 300 feet of a road or street designated as a scenic route shall be lighted using only fixtures approved for use under this Code for the Area, as defined in Section 4.4 and 4.5 of this Code, in which said recreational facility is located. 

Exception: (County only.) Recreational facilities located along roads and streets designated as scenic routes shall be lighted using only fixtures approved for the Area in which they are located.

Sec. 10.2. Outdoor Display Lots. Any light source permitted by this Code may be used for lighting of outdoor display lots such as, but not limited to, automobile sales or rental, recreational vehicle sales, or building material sales, provided all of the following conditions are met: 

a. Lighting for parking lots and other areas surrounding the display lot shall comply with this Code for lighting in the specific area as defined in Section 4.4 and 4.5 of this Code. 

b. All fixtures used for display lighting shall be fully shielded as defined in Section 5 of this Code, or be designed or provided with sharp cut-off capability, so as to minimize up-light, spill-light, or glare. 

c. Display lot lighting shall be turned off within thirty minutes after closing of the business. Under no circumstances shall the full illumination of the lot be permitted after 11:00 p.m. Any lighting used after 11:00 p.m. shall be used as security lighting.

Section 11. Temporary Exemption

Sec 11.1. Request; Renewal; Information Required. Any person may submit a written request, on a form prepared by the jurisdiction, to the building official for a temporary exemption request. A temporary exemption shall contain the following information: 

1. specific exemption or exemptions requested;
2. type and use of outdoor light fixture involved;
3. duration of time requested exemption;
4. type of lamp and calculated lumens;
5. total wattage of lamp or lamps;
6. proposed location on premises of the outdoor light fixture(s);
7. previous temporary exemptions, if any, and addresses of premises thereunder;
8. physical size of outdoor light fixture(s) and type of shielding provided;
9. such other data and information as may be required by the building official. 

Sec. 11.2. Approval; Duration. The building official shall have five 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 days from the date of issuance of the approval. The approval shall be renewable at the discretion of the building official upon a consideration of all the circumstances. Each such renewed exemption shall be valid for not more than thirty days.

Sec 11.3. Disapproval; Appeal. If the request for temporary exemption is disapproved, the person making the request will have the appeal rights provided in Section 13.

Section 12. Other Exemptions.

Sec 12.1. Nonconformance

1. Mercury vapor lamps in use for outdoor lighting on the effective date of the ordinance codified in this chapter shall not be so used. 

2. (City.) Bottom-mounted outdoor advertising sign lighting shall not be used. 

2. (County) Bottom-mounted outdoor advertising sign lighting shall not be used, except as provided in Section 7. 

3. All other outdoor light fixtures lawfully installed prior to and operable on the effective date of the ordinance codified in this chapter are exempt from all requirements of this Code except those regulated in Section 7 and in minor Sections 9.3 and 9.4 and in Section 10. There shall be no change in use or lamp type, or any replacement or structural alteration made, without conforming to all applicable requirements of this Code.

Sec. 12.2. Fossil Fuel Light. All outdoor light fixtures producing light directly by the combustion of natural gas or other fossil fuels are exempt from all requirements of this Code. 

Sec 12.3. State and Federal Facilities. Outdoor light fixtures installed on, and in connection with those facilities and land owned or operated by the federal government or the state of Arizona, or any department, division, agency or instrumentality thereof, are exempt from all requirements of this Code. Voluntary compliance with the intent of this Code at those facilities is encouraged.

Section 13. Appeals.

Any person substantially aggrieved by any decision of the building official made in administration of the Code has the right and responsibilities of appeal to the Advisory/Appeals Board of this jurisdiction. 

Section 14. Law Governing Conflicts. 

Where any provision of federal, state, county, or city statutes, codes, or laws conflicts with any provision of this code, the most restrictive shall govern unless otherwise regulated by law.

Section 15. Violation. 

It shall be a civil infraction for any person to violate any of the provisions of this Code. Each and every day during which the violation continues shall constitute a separate offense.

Section 16. Enforcement and Penalty.

Sec 16.1. [City only] Pursuant to Section 28-12 of the Tucson Code:

1. When a violation of this Code is determined, the following penalty shall be imposed: 

a. A fine of not less than fifty dollars nor more than one thousand dollars per violation. The imposition of a fine under this Code shall not be suspended.

b. Any other order deemed necessary in the discretion of the hearing officer, including correction or abatement of the violation. 

2. Failure of a defendant to comply with any order contained in a judgment under this Code shall result in an additional fine of not less than fifty dollars nor more than one thousand dollars for each day the defendant fails to comply.

Sec. 16.1. [County only] A violation of this Code is considered a civil infraction. Civil infractions shall be enforced through the hearing officer procedure provided by A.R.S. Section 11-808 and Sections 18.95.030, 18.95.040, and 18.101.60 of this Code [The numbering scheme of the Sections is different in the County Code]. A fine shall be imposed of not less than fifty dollars nor more than seven hundred dollars for any individual or 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. 

Outdoor-Lighting Ordinance of Cloudcroft, NM

(http://mthamilton.ucolick.org/public/lighting/Ordinance.html)

Below is the outdoor-lighting ordinance for the town of Cloudcroft, New Mexico, which was formally approved and adopted at the June 1995 meeting of the Cloudcroft Village Council. The Ordinance (No. 267) had been pre-published three times in the Newpaper before final adoption. Only one minor objection was registered from a citizen, who, however, did not attend the final adoption meeting. Supplied courtesy of Warren Offutt, who wrote it: 

ORDINANCE NO.  267
AN ORDINANCE ADOPTING A NEW CHAPTER 7, ARTICLE 7 TO THE CLOUDCROFT CODE REGULATING THE INSTALLATION OF OUTDOOR LIGHTING.

BE IT ORDAINED BY THE GOVERNING BODY OF THE VILLAGE OF CLOUDCROFT, that a new Chapter 7, Article 7 to the Cloudcroft Code is adopted to read as follows:

7-7-1 Purpose and Applicability.

(a) The purpose of this ordinance is to improve nighttime public safety, utility and security by restricting the night-time emission of light rays which are the source of light trespass and/or unnecessary glare, and/or are detrimental to the safety and/or security of persons, property or vehicular traffic, and/or are detrimental to the traditional aesthetic values of the Village, and/or unnecessarily restrict persons from the peaceful enjoyment of their property, and/or are detrimental to astronomical observations.  The provisions of this chapter shall apply to all outdoor lighting devices for illumination or advertisement and installed after the effective date of this ordinance, except as hereinafter otherwise specified.

(b)  The provisions of this chapter, except for Section 7-7-5 (a) and Section 7-7-5 (c), do not apply to glass tubes filled with neon, argon or krypton, or to outdoor advertising signs constructed of translucent material and illuminated wholly from within.  

However, after January 1, 1998, newly installed or replaced outdoor advertising signs constructed of translucent material and illuminated wholly from within shall be of the type having dark background with bright/colored characters. Such signs having bright background with dark or colored characters shall not be installed after January 1, 1998.

7-7-2 Effect on Other Codes. 

The provisions of this ordinance are intended to supplement other applicable codes and requirements. Compliance with all applicable provisions of building, electrical and other codes must be observed.  In the event of a conflict between the requirements of this code and other requirements, the more stringent requirement shall apply.

7-7-3 Shielding. General Requirements. 

Except as otherwise provided below or in Section 7-7-1 (b) above, all outdoor lighting devices or fixtures shall be shielded in such a manner that light rays emitted by the device or fixture, whether directly from the lamp or indirectly from the fixture, are restricted to regions below an angle 15 degrees beneath the horizontal plane running through the lowest point on the fixture where light is emitted. No significant intensity of light shall be emitted from the fixture horizontally, nor above the horizon, nor above the region defined above. 
In general, all outdoor lighting shall be downward directed except where specified otherwise in this Chapter.

(Note: Luminaires meeting restricted emission requirements are sometimes described commercially as hooded, shielded, or full cut-off fixtures, however, not all luminaires so designated meet the above angular requirement.)

7-7-4 Light Pollution; General Requirements.

(a)  One hundred twenty (120) days following the effective date of this ordinance, only shielded outdoor light fixtures which conform to the requirement of Section 7-7-3 may be installed.

(b) After the effective date of this ordinance, only shielded, low pressure sodium outdoor lighting fixtures may be newly installed to provide illumination for public streets.  

However, in the event that the Otero County regulations permit high pressure sodium lamps for general street and highway lighting, or for other good and sufficient reasons, high pressure sodium lamps may be used instead of the low pressure sodium lamps as specified in this paragraph (b) upon written approval of the Village Council. 

In the case of the replacement (see Section 7-7-6) of light fixtures installed to provide illumination for public streets, if existing circuitry does not permit replacement of an individual light fixture with a low-pressure sodium light fixture, high pressure sodium may be used instead. 

Regardless of lamp or fixture type, the shielding requirements of Section 7-7-3 are applicable.  Additional shielding to eliminate light trespass onto adjoining residential properties shall be installed if requested by the residential property owner or occupant.

(c) All outdoor light fixtures maintained on public or private property, whether installed before, on or after the effective date of this ordinance, shall be turned off between 11:00 PM (local time) and sunrise except when used for:

(1) Commercial and industrial uses (such as sales, assembly and repair areas) where business is conducted after 11:00 PM, but only while the business is open to the public;

(2) Illuminated advertising signs on the premises of a business while it is open to the public;

(3) Lighting necessary for security purposes or to illuminate walkways or roadways;

(4) Recreational use that continues after 11:00 PM, but only for so long as such use continues.

(d) The outdoor operation of searchlights, lasers or other high-intensity beams is prohibited.

7-7-5 Other Requirements.

(a) Flashing Lights.  The use of flashing, rotating or pulsating lights in/on any outdoor sign or other lighting device is prohibited after one (1) year from the effective date of this ordinance. This provision shall not apply to flashing, rotating or pulsating lights intended to warn of hazards and danger.

(b) Light Trespass and Residential spill-over.  In addition to the general provisions of this Ordinance, offstreet lighting shall be shielded and/or directed in such a manner that it illuminates only the user's premises and does not spill over into neighboring residential areas so as to interfere with the peaceful enjoyment of residential or public properties.

(c) No lighting fixture or device may be operated in such manner as to constitute a hazard or danger to persons, or to safe vehicular operation.

(d) Signs and BillBoards. Illuminating fixtures for advertising or other signs shall be such that the illumination is confined to the area of the sign or billboard; no significant direct spill-over is permitted.  Under no conditions may signs or billboards be illuminated from below. Any such illuminating fixture shall be placed above its respective sign or billboard such that the secondary (specular) reflected light from the surface of the sign or billboard is directed down toward the ground.

(e) Motion Detector Security Lights. Motion detector security lights, which are normally "off" and which are activitated "on" for less than 4 minutes occasionally when motion is detected, are exempt from strict control of emission angles as defined in Section 7-7-3, but are not exempt from Sections 7-7-5 (b) or (c).

 (f) Outdoor Recreational Facilities. Outdoor recreational facilities designed for specifically scheduled sporting events are exempt from the specific shielding requirements of Section 7-7-3. In its place, lighting for outdoor recreational facilities shall be so designed, installed and operated as to confine at least 90 percent of the illumination to the recreational area. Recreational facility fixtures shall be on elevated poles or structures so that illumination is directed downward.  No significant illumination may extend above a horizontal plane from the lighting fixture. Illumination from recreational facility fixtures shall be shielded to minimize glare extending toward roadways or other places where impairment of motorists' vision might cause hazard.  All such recreational facilities shall have either (a) automatic shut-off timer devices, or (b) a designated official with responsibility for extinguishing the illumination at close of the recreational activity.

(g) In the case of flags, statues or other top-of-pole mounted objects which cannot be illuminated with down-lighting, upward lighting may be used only in the form of one narrow-cone spotlight which confines the illumination to the object of interest.

7-7-6  Nonconforming Fixtures "Grandfather Provision". 

Except as provided in Section 7-7-5, all outdoor lighting fixtures existing and legally installed and operative before the effective date of this ordinance are exempt from the requirements of this Ordinance. Whenever a nonconforming fixture is replaced or moved, the replacement thenceforth shall meet the requirements of this ordinance.

7-7-7 Special Exemptions.  

(a) Decorator lamps smaller 25 watt rating, or strings of up to 25 such lamps, used for holiday decorations are exempt from the requirements of this Chapter within 15 days of recognized annually occurring holidays. 

Decorator lamps smaller than 7.5 watt rating may be used in any desired string length under the same circumstances.

(b) Request for temporary exemption from the provisions of this Ordinance may be submitted to the Village Council in written form describing the reason for the request and the nature of the request. If approved and granted in writing by an authorized representative of the Village Council, such exemption shall be in force for not more than 30 days. Request for a maximum of one 15 day renewal may be made in similar manner.

7-7-8 The installation, sale, offer for sale, lease or purchase of any fixture not in comformance with this Ordinance is prohibited after January 1, 1998.

The installation, sale, offer for sale, lease or purchase of any mercury vapor lamp or lamp fixture for outdoor use is prohibited after January 1, 1998.

7-7-8 Effective Date. The effective date of this ordinance shall be five (5) days after the publication of Notice of Adoption by title and general subject matter in the Alamogordo Daily News.

7-7-9 Penalty. Violations of this ordinance shall be subject to the general penalty provisions contained in Section 1-1-8 of the Cloudcroft Code.

7-7-10 Severability. The provisions of this ordinance are severable, and if any provision of this ordinance or the application thereof to any person or circumstance is held invalid, the invalidity does not affect other provisions or applications of the ordinance which can be given effect without the invalid provisions or applications.
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