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Light pollution is broadly defined as the unnecessary illumination of the nocturnal environment.
Light pollution is a pervasive phenomena shown to have harmful consequences for both the
biotic and abiotic components of an ecosystem. While some municipalities have begun to address
the environmental and economic costs of light pollution, most have not. The goal of this study
was to investigate current municipal night lighting practices for six selected Canadian
municipalities with the aim of determining their policies and practices for night lighting. Semistructured interviews with key informants were conducted and analyzed using a mixed methods
approach that included a thorough literature review. The results indicate that rising energy costs,
aging infrastructure and the lighting industry are driving the majority of changes taking place in
adapting municipalities while most municipalities remain content with status quo. The research
conducted led to guideline improvements for municipal night lighting in today’s municipalities.
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Preface
It is 5 am, the power remains out and it is difficult to make it towards the front door. Outside
sirens wail and the overwhelming darkness is startling. The earth has settled and a solid footing
can finally be found. Upon surveying the damage it is hard to mistake a strange grey ribbon
floating across the sky. Conferring with neighbours only heightens the alarm as other strange
apparitions in the sky are noticed. The authorities are notified and all anxiety is put to rest, the
observers stand in awe for this is the first time they have witnessed the Milky Way, in all its glory,
and the surrounding myriad of constellations strewn across a truly dark night sky.
This was the scenario when a large earthquake struck Los Angeles in 1994. Power to the city
was knocked out and the night sky was fully visible for perhaps the first time in the lives of many
citizens. Numerous calls were reported to emergency centres and authorities regarding strange
markings across the sky. As it turned out this was nothing more than the natural dark sky and the
Milky Way, fully on display in a city that had lost its night sky long ago to the effects of Light
Pollution (Chepesiuk, 2009). It is not hard to imagine the scenario pictured above yet light
pollution has been recognized for years as one of the most quickly increasing environmental
degradations responsible for influencing the quality of human health and the environment (Cha
et al., 2014). Light pollution is of such growing concern that it must be addressed in a formal way
and research should continue to advance mitigation techniques within major urban areas, smaller
municipalities, parks and beyond.

!
!
!
Figure 1. The Milky Way (Johnston, 2014)
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Chapter One
INTRODUCTION

!

[London], Great city of the midnight sun
Whose day begins when day is done
- R. Le Gallienne, 1892
Overview

!

Artificial night lighting has served to provide safety and security and increased productivity for
generations. The forms of artificial night lighting used outdoors have developed along with their
industrial use. Poor lighting design, built up over a period of many years, has led to various
adverse effects on the surrounding environment (Chepsiuk, 2009). Migratory bird routes are
increasingly affected by light pollution as are crop yields due to a light induced disruption in
flowering times. In addition, the effect of light pollution on human health has long been
documented. The disruption of the circadian rhythm of human activity instigates sleep disorders,
increases the rates of depression, affects vision and has been linked to an increase in certain types
of cancer (Chepsiuk, 2009). Having up to 30 percent of the Canadian population employed in
alternative shift rotations has increased the need to understand and address the negative effects of
light pollution (Navara, 2007). Despite this knowledge light pollution remains to be a problem.
Light pollution and its effects have been explored extensively over the last decade. The amount
of energy wasted by inefficient night lighting has been estimated to be the equivalent of 23
million barrels of oil or 6 million tonnes of coal a year, a significant amount of energy that could
be used much more effectively (IDA, 2000). In addition to this study, Pollard (1994) has looked at
ways to design lighting to reduce urban sky glow. Duriscoe, Luginbuhl and Elvidge (2014) studied
the extent of sky glow and its characteristics as observed from a specific distance. Fotios, Unwin
and Farrall (2014) explored the link between artificial night lighting and pedestrian reassurance,
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finding that the amount of lighting experienced in a space does enhance the pedestrian’s
perceived sense of safety. Rabaza, Aznar-Dols, Mercado-Vargas and Espin-Estrella (2014)
quantified a new technique for more accurately measuring the amount of light pollution in the
night sky. A number of ways to control the effects of light pollution on humans and the
environment were suggested by Falchi, Cinzano, Elvidge, Keith and Haim (2011) that would
allow for improved protection by following a set of rules. With all of this developed knowledge it
has become much easier for the implementation of light pollution guidelines to be administered
in a municipal setting, yet they often are not.
Although artificial light has been a part of the human experience since fire was first tamed, the
pervasive lighting of human habitations and settlements is a remarkably recent phenomenon,
circa 1890. Lighting the night has a profound effect on humans, from global economics
(secondary shifts, increasing energy costs) to social interactions (night life) to biological
functioning (circadian rhythms) as well as plant and animal life. Indeed night lighting is so
pervasive and imbedded in modern life that it requires a creative imagination to understand what
and where we would be without it.

!
Research Problem
Despite a plethora of evidence that municipal night lighting is often unnecessary or has
harmful consequences, many urban areas, specifically, municipalities continue their current night
lighting practices. These practices contribute to the increasing global trend of light pollution and
need to be examined to identify opportunities for improvement.

!
!
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Goals
The goal of this study is to exam the current municipal night lighting practices of six selected
Canadian municipalities with the aim of determining their policies and practices for night
lighting. A secondary goal is to document the history of current night lighting practices and their
future direction. Ultimately the results of this study seek to inform broader explorations of
municipal night lighting practices and their role in the reduction of light pollution.

!
Objectives
In support of these goals, the following objectives have been created:
1. Describe the history of current lighting practices by exploring the literature in the fields of
lighting evolution and professional standards development
2. Identify Canadian municipalities with progressive approaches to municipal night lighting or
other environmental degradation issues by consulting industry publications
3. Evaluate the characteristics of municipalities known for their light pollution reduction
policies by speaking with individuals responsible for the implementation of those policies
4. Determine best management practices for municipalities wishing to address light pollution
issues by combining identified progressive approaches and the knowledge of professionals

!

with practices demonstrated to produce results

Summary
Artificial lighting has profoundly influenced almost all aspects of the human condition yet it is
surprising that many of the deleterious effects while known seem to be disregarded, particularly
in urban environments. This disregard has contributed greatly to the phenomenon of light
pollution. With the long-term effects of the loss of the night sky still being evaluated it is difficult
to determine the results of our neglect.
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As the body of knowledge surrounding this trend continues to grow it is important to
understand how municipalities are addressing the issue. This study has undertaken the task of
determining the responses of selected municipalities and aims to help shape future decisions,
made at a local level, regarding the implementation of municipal night lighting, including its
policies. The goal of the study is to exam the current municipal night lighting practices of six
selected Canadian municipalities with the aim of determining their policies and legislations for
night lighting.

!
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Chapter Two
LITERATURE REVIEW

!

!

The electric light is pure information. It is a medium without a message
- M. Mcluhan, 1964

Overview
This chapter starts out with a short history of municipal night lighting through to the modern
day presence of pervasive city lighting. Following is a look at the creation of street lighting
standards in North America. An introduction to light pollution and it’s definitions is explained
next. Further, an overview of the biotic and abiotic effects of light pollution reveals the very real
impact that light pollution is having on modern society and why it needs to be addressed. A look
at the Canadian perspective on light pollution is explored next. At last, emerging technologies are
explained as potential alternatives to present municipal night lighting approaches.

!
Historical Perspective of Municipal Night Lighting
The lighting of municipalities at night began as early as the 15th century, in medieval Europe.
In 1417 Henry Barton, then mayor of London, ordered that street lighting by candle light be
established along a major thoroughfare through the city, with exceptions being made only during
the nine nights following the first quarter of the moon (Mizon, 2002). Parisians were decreed to
hang a lantern outside of their first floor window before six o’clock every night during the
months of November, December and January, in the early 16th century. This was to ensure that
the streets received sufficient light to provide an adequate sense of public safety (Painter, 1999).
Cities, however, continued to grow rapidly during this period of time and demand for a public
lighting system began to gain momentum. This demand was eventually met by the introduction
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of gas lighting (Figure 2), initially as a form of factory lighting, in the early 19th century
(Schivelbusch, 1988). So successful was this introduction and its efficiency that by 1823, London
had deployed nearly 39 000 gas lamps that provided lighting for approximately 350 km of urban
roads (Chandler, 1949). Gas lighting remained the primary source of urban street lighting for
about 100 years before giving way to electricity as the preferred method of lighting the city
streets.
Electric lighting was first introduced in the form of
the arc lamp. This form of lighting, invented by Pavel
Yablochkov in 1875, used high currents passed between
two carbon rod electrodes to create high lumen light.
These lamps, referred to as moonlight towers (Figure 3),
measured approximately 50 metres in height and were
placed in key parts of the city often to illuminate areas
of high pedestrian and vehicular movement. The most
notable moonlight tower was the ‘Sun Tower’ (Figure 3)
proposed by Jules Bourdais in 1889. This tower was to
Figure 2. The Gas Street Light (ELPC, 2014)

be 360 metres high, located at Pont Neuf in Paris,

France and cover all of the city with illumination generated by arc lamps. The proposal was
never realized as it was beaten by the now famous Eiffel Tower submission by Gustave Eiffel
(Schivelbusch, 1988). The first deployment of moonlight towers was in Paris at the 1878 Paris
Exposition (Schivelbusch, 1988). Within just three years there were over 4 000 arc lamps in
operation throughout Europe. This trend quickly made its way to the United States, where by
1890 there were over 130 000 in operation. The arc lamps were effective in illuminating entire
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city blocks, however, the light they produced was intense and harsh creating discomfort along city
streets and in public squares. The arc lamps also required a significant amount of maintenance as
the carbon rods that were used to generate the light burned away swiftly requiring replacement at
an alarming rate. With the invention of the incandescent light bulb at the same period of time,
the arc lamp lasted for only another 20 years before it was replaced as the primary source of city
illumination.

!
!
!
!
!
!
!
!
!
Figure 3. Two Examples of Arc Lighting; Sun Tower, Paris and Moonlight Tower, San Jose (Schivelbusch, 1988)

As the public began to experience arc lamps as a new form of illumination the invention of
more stable and efficient lighting sources quickly became mainstream. In 1879, Thomas Edison
successfully tested his first incandescent light bulb and shortly afterward formed a company that
began to commercialize the light bulb. Capitalizing on the conduit system of the earlier gas
lighting network Edison was able to build large networks of electrical distribution to provide the
energy needed to illuminate the streets (Cubitt, 2013). This invention also popularized the use of
electric light in homes and as such light became very much a part of public life during the night.
The incandescent lightbulb existed, on the street, as a welcomed alternative to the arc lamp until

"8

the mid 20th century despite challenges from fluorescent lighting. The fluorescent lamp became
common in the late 1930s where it was first introduced for commercial use at the 1939 Worlds
Fair in New York. Although this light source was experimented with for public lighting it was
ultimately unsuccessful due to its fragile nature and diffused, non-directional light (Schivelbusch,
1988). Shortly afterward, in 1948, the mercury vapour street light assembly was developed.
The mercury vapour street light was the first of the high intensity discharge (HID) series of
lighting to be employed commercially (Table 1). This form of light was able to shine much
brighter and last much longer than the incandescent light bulb. The HID series of lighting
creates an electric arc between two tungsten electrodes heating salts inside the bulb allowing this
form of lighting to produce more visible light per unit of power consumed than both fluorescent
and incandescent light sources (Pisupati, 2014). Mercury vapour lighting was initially frowned
upon due to its poor colour rendering capabilities but by the 1960s the bulbs were capable of
producing colour corrected light. This has been a problem associated with the HID series of
lighting but has been greatly overlooked due to the efficiency of the lighting. Along with mercury
vapour lighting the HID series of lights include metal halides, high pressure sodium and low
pressure sodium. The metal halide lighting has become a popular source of lighting for sporting
events and other similar venues due to its excellent colour rendering capabilities. The high
pressure sodium (HPS) light system has become the standard for street lighting throughout the
world.
High pressure sodium lighting (HPS) was first put into service in 1968. This lighting system is
known for its high levels of energy efficiency and characteristic orange glow. They are one of the
most efficient light sources available and if designed correctly into a lighting mount can

!
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Table 1. High Intensity Lighting Comparison (Pisupati, 2014)

Lighting Type

Year of
Efficacy
Introduction (lumens/watt)

Lifetime
(hours)

Color Rendition
Index (CRI)

Mercury Vapour

1948

25 - 60

16 000 - 24 000

50 (poor to fair)

Metal Halide

1962

70 - 115

5 000 - 20 000

70 (fair)

Low Pressure
Sodium

1964

100 - 200

12 000 - 18 000

0 (very poor)

High Pressure
Sodium

1968

50 - 140

16 000 - 24 000

25 (poor)

Light Emitting
Diode

1992

100 - 300

35 000 - 50 000

85 (good)

significantly reduce the amount of light pollution created by the light (Hartley, 2009). The HPS
lighting system was quickly adopted because mercury vapour fixtures could be easily converted to
HPS. The energy savings and generally broad spectrum of light produced by the HPS system has
since made it the most popular form of street lighting throughout the world. The low pressure
sodium (LPS) lighting system is even more efficient than the HPS system although it produces a
virtually monochromatic light. Although poor for illuminating details this light has been preferred
by astronomers due to their ability to use a filter to eliminate its impact on the observation of the
celestial sky. Many municipalities are returning to the LPS system to reduce their energy footprint
and save large amounts on their energy bills despite the poor colour rendering of the light source.
The advent of technology is rapidly beginning to affect the choice of the HID series of lighting
for street lights as light emitting diode (LED) technology advances.
Light emitting diodes have been a source of light since 1968, although high brightness LEDs
did not emerge until the 1990s. LEDs provide many advantages over the other sources of light
such as superior colour rendering, the ability to turn on/off instantly, the ability to dim, greater
directionality control and extended lifetime. As the technology has advanced and the initial high
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price of LEDs has been reduced their use has increased as a consequence. Entire municipal street
lighting systems have been replaced by LEDs and other municipalities are following suit. Further
implementation of this form of lighting will alter the city illumination pattern that we have come
to expect.

!
Street Lighting Standards
As the number of vehicles and pedestrians on city streets and sidewalks increased in the last 60
years a standardized method of lighting those areas during the night was established. Studies
have shown that the introduction of night lighting in areas where vehicles and pedestrians
interact can reduce the number of collisions by around 50 percent (DMD, 2010). Street lighting
standards have been created by professionals in all parts of the world, although they are usually
specific to each nation. The Illuminating Engineering Society of North America (IESNA) was
established in 1906 with an objective of communicating information on all aspects of good
lighting practice to its members, the lighting community and the public. IESNA’s mission is to
improve the lighted environment by bringing together those with lighting knowledge and by
translating that knowledge into actions that benefit the public. With nearly 8 000 members they
represent a wide variety of industry professionals with approximately 25 percent of their
members being involved in the manufacturing industry, 25 percent involved as lighting designers
and architects and the remainder being made up of affiliated professionals and educators. IESNA
is responsible for producing the most widely used lighting standard document in North America.
IES RP-8-00 (R2005) American National Standard Practice for Roadway Lighting provides the
design basis for lighting roadways and pedestrian ways. The first edition of the publication was
released in 1983 and reaffirmed in 1993. The current edition was published in 2000. This
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document separates road networks into different classes based on the type of users and the road
geometry. The standards dictate the amount of light that should illuminate the road, the
distraction of the light on the road and the extent of glare that can be produced by the lighting
(see Table 2). Unique to this standard is the incorporation of classes that include pedestrian
presence, as the amount of pedestrian activity decreases the required level of lighting follows suit.
There are three classes of pedestrian activity; high, medium and low. This is based on the
number of pedestrians on either side of the road and the number that cross the road at any point
during the first hour following dark. A low use category area will have fewer than 10 pedestrians,
medium use category will have from 10 - 100 pedestrians and the high use category will have
greater than 100 pedestrians per hour. An increase in the amount of pedestrian activity results in
an increased amount of required light for that area. The three different metrics recommended by
the standard are the illuminance (total luminous flux on a surface) on the road, the luminance
(luminous intensity per unit area of light) of the road as seen by the driver and the small target
visibility for the driver. All of these criteria should be maintained over the course of the lighting
installation. The information contained in the IESNA standard is generally present in all
standards although individual nations may produce their own.
The Transportation Association of Canada (TAC) produced their own set of standards, based
on the IES RP-8-00 (R2005) standards, in 2006. The TAC Roadway Lighting Design guide is
intended to promote uniformity on lighting across Canada by providing guidance in the planning
and design of roadway lighting and related outdoor lighting systems (DMD, 2010). This
document is divided into two major sections: Fundamentals and Design. The document
emphasizes that road way lighting, if properly designed, installed and maintained should reduce
vehicular collisions, improve safety for pedestrians and enhance personal security (DMD, 2010).
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The guide also discusses energy efficient lighting approaches and alternatives to lighting. The
TAC guide provides greater explanation, reviews and details on lighting than the IES RP-8-00
document.
Table 2. Roadway Luminance Levels (IESNA, 2011)

Road Type

Pedestrian
Activity

Average
Luminance
cd/m

Average to
Minimum
Uniformity Ratio

Maximum to
Minimum Uniformity
Ratio

Freeway

-

≥ 0.6

≤ 3.5

≤ 6.0

Partial Lighting
of Interchange
On/Off Ramps

-

≥ 0.6

≤ 3.5

≤ 6.0

High

≥ 1.0

≤ 3.0

≤ 5.0

Medium

≥ 0.8

≤ 3.0

≤ 5.0

Low

≥ 0.6

≤ 3.5

≤ 6.0

High

≥ 1.2

≤ 3.0

≤ 5.0

Medium

≥ 0.9

≤ 3.0

≤ 5.0

Low

≥ 0.6

≤ 3.5

≤ 6.0

High

≥ 0.8

≤ 3.0

≤ 5.0

Medium

≥ 0.6

≤ 3.5

≤ 6.0

Low

≥ 0.4

≤ 4.0

≤ 8.0

High

≥ 0.6

≤ 6.0

≤ 10.0

Medium

≥ 0.5

≤ 6.0

≤ 10.0

Low

≥ 0.3

≤ 6.0

≤ 10.0

Highway

Arterial

Collector

Local/Alleyway

!
Light Pollution: Definitions and Examples
IESNA, 2011, defines light pollution as ‘any adverse effect of artificial light including, but not
limited to glare, light trespass, sky-glow, energy waste, compromised safety and security and

!
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Figure 4. Chicago at Night Showing the Extent of Urban Sky Glow (Richardson, 2008)

impacts on the nocturnal environment’. ‘Urban Sky Glow’ (Figure 4) is a term coined to describe
a class of light pollution that can be seen in certain conditions over 200 kilometres outside of
major urban areas across the globe (IDA, 2012). Other terms used to describe distinct aspects of
light pollution include ‘light trespassing’, describing the inadvertent lighting of areas that are not
intended, wanted or needed often through poor design. Lighting glare is the effect of excessive
brightness and clutter as a result of too many lighting fixtures, too close together, contributing to
light trespassing and urban sky glow. Further definitions can be found in Table 2 and Figure 5.
A number of recent studies have been conducted looking to characterize and address the
problem of light pollution. Of particular note is a study conducted by Hollan (2009). Hollan
defines pollution and uses specific examples to link light pollution to the more commonly known
issue of pollution. He then provides specific ways to measure light pollution and quantify it based
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on an absolute and relative basis. Chalkias, Petrakis, Psiloglou and Lianou (2005) looked at
modelling light pollution in suburban areas around the city of Athens in Greece. Wainscoat
(2011) an astronomer from the University of Hawaii addressed the International Astronomical
Union in 2011 on the importance of protecting the ‘magnificent night sky’ from the effects of
light pollution. Pun and So (2011) monitored the night sky brightness in Hong Kong at 199
locations over a 15 month period starting in 2008, determining that the environmental light
pollution problem in Hong Kong is severe (~100 times greater than in surrounding rural areas).
The study was conducted again in 2013 and named Hong Kong the most light polluted city in
the world (Shadbolt, 2013). Chepsiuk (2009) published a study titled ‘Missing the Dark: Health
Effect of Light Pollution’ that outlines the health effects of light pollution. This article has
provided many organizations with significant evidence of the negative effects of light pollution on
human health and has become a catalyst for change. The issue of light pollution continues to

Figure 5. Illustration of Illumination (DMD, 2010)
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grow in prominence as a global issue that has identifiable consequences and what appear to be
relatively simple mitigation efforts.

!
Table 3. Common Light Pollution Definitions

Term

Definition

Ambient Light

The total light level or amount of light perceived in one’s surroundings
(Mizon, 2002)

Backlight

The amount of light transmitted between 0 and 100 degrees behind the
forward projection of light from the luminaire (IESNA, 2011)

Colour Rendering

The perceived effect of different colours of light of different types on
objects (Mizon, 2002)

Full Cutoff

Generates zero luminous intensity at or above 90 degrees from the
downward vertical and <10 percent of the light source luminous flux in
the range of 80 - 90 degrees from the downward vertical (Boyce, 2009)

Lumens

Unit of measure for luminous flux (Boyce, 2009)

Luminare

Term used to describe the complete lighting unit including the lamp,
ballast(s), reflectors, diffusers and power connection (Mizon, 2002)

Luminous Flux

The measurement of the total amount of visible light emitted by a source
(Boyce, 2009)

Noncutoff

Has no limitation on the generation of luminous intensity above the angle
of maximum luminous intensity (Boyce, 2009)

Semi-cutoff

Generates less than 5 percent of the light source luminous flux as luminous
intensity at or above 90 degrees from the downward vertical and <20
percent of the light source luminous flux in the range of 80 - 90 degrees
from the downward vertical (Boyce, 2009)

Uplight

The amount of light that is transmitted above 90 degrees from the
downward vertical, responsible majority of urban sky glow and energy
waste (IESNA, 2011)

!
Biotic Effects of Light Pollution
Light pollution has a lasting impact not only on the night sky and our ability to view galaxies
clearly but also on the biotic aspects of the environment that depend on natural lighting
mechanisms for navigation, migration and circadian rhythms. A startling example of the
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disruption caused by excessive artificial lighting exists near beaches where sea turtles habitually
lay their eggs. The hatchlings, who naturally orient themselves towards the water by
distinguishing the dark silhouette of the land horizon from that of the ocean become confused
and can often be found heading towards the lights and inherent danger as a result (Chepesiuk,
2009).
Turtles are not the only species to suffer the effects of disrupted night time skies. It is estimated
that over 200 species of birds migrate over North America at night and they suffer a much higher
significance of building collision as a result (FLAP, 2012). The Fatal Light Awareness Program
(FLAP) is a program organized in Toronto that monitors fatal building collisions for bird species,
particularly during the night hours. It is estimated that between 100 million and 1 billion
migrating birds are killed every year by colliding with skyscrapers in urban centres during the
night, a large discrepancy but a powerful example of the disruption of our light patterns
nonetheless (FLAP, 2012). An image of the number of bird species killed in a week in downtown
Toronto can be seen in Figure 6.
Birds and turtles are not the only animals affected by a disrupted night sky. Frogs have been
shown to alter their mating calls if
exposed to excessive night time
lighting and bats have shown
significantly changed feeding habits
based on their exposure to night
time lighting (Longcore, 2004). The
effect of long term night time light
Figure 6. Bird Species Killed in Downtown Toronto (FLAP, 2012)
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exposure on humans is less known.

The disruption of the natural circadian rhythm, the 24-hour day/night cycle built into our
systems has been well documented since the invention of artificial light and its use to extend the
day. This change in rhythm can affect sleep patterns and cause a myriad of other health effects
that disrupt normal human functioning (Chepesiuk, 2009). The role of melatonin, a natural
hormone known to help regulate the internal clock of human beings is disrupted by the presence
of artificial light. Melatonin is secreted in the presence of darkness and helps humans to sleep
during the night. Artificial light disrupts this natural process and affects the sleeping patterns of
individuals as well as increases the chances of developing certain forms of cancer (Chepesiuk,
2009). Melatonin is responsible for a host of night time repair work conducted by the human
body during nightly rest. In unaltered circumstances the body would begin producing melatonin
after sunset but the advent of artificial light has altered this process. The decreased ability of our
bodies to produce melatonin has increased shift workers’ risk of cancer. The World Health
Organization’s International Agency for Research on Cancer has listed shift work that involves
circadian disruption as a probable carcinogenic to humans (IDA, 2012). With up to 30 percent of
the Canadian population involved in alternative shift work, the impact of an overly lighted night
will only continue to grow (Navara, 2007). The disruption of the night time by artificial light goes
well beyond that of our ability to see countless stars.
The human eye is a wonderfully created instrument that is capable of operating efficiently in
relatively low levels of light. This is accomplished over time as your eyes adjust to the dim
surroundings and the rods in your eyes begin to fire. This process can take up to 30 minutes so
the rapid transition between light and dark areas throughout a city greatly impedes our ability to
see as well as we can at night (Bogard, 2013). Equal levels of darkness at night are better for the
adaptation of our eyes and the ability to distinguish objects in our surroundings. The reduction
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of inefficient lighting, in particular glare, will help to alleviate the need for our eyes to rapidly
adjust from bright to dim lighting scenarios through the night. Bogard (2013) explains that
humans get accustomed to a certain level of light readily and any increase in the lighting level
quickly becomes attractive because everything else seems dim in comparison. This phenomenon
has led to the increase in lighting levels throughout the world. Bogard (2013) goes on to
emphasize the ability of the human eye to adapt to its surroundings, with up to 30 times more
light entering when fully relaxed. As our knowledge of the deleterious effects of light pollution on
the biotic world grows, will our policies begin to reflect this?

!
Abiotic Effects of Light Pollution
Light pollution not only affects the living parts of the world, there are many abiotic aspects that
are equally damaged by the pervasive nature of too much light. One of these effects is
demonstrated in Figure 7, a comparison of the skyline of Los Angeles over the course of 100
years. The presence of urban sky glow is well depicted and its effects on the night sky can be
easily interpreted. In an address given by Richard Wainscoat to the International Astronomical
Union in 2011, attention is called to the effect that light pollution is having on the field of
astronomy. Wainscoat (2011) outlines the fact that in a typical rural night sky up to 2 000 stars are
clearly visible, and up to 10 000 in a truly dark sky, to the naked eye but in an urban centre
perhaps only 20 stars may be visible (Figure 8). He continues to argue that the worlds greatest
astronomical observation locations are under threat from the effects of light pollution as urban
sky glow affects an area of 100 km surrounding a city and in the modern world there are no
longer many cities separated by more than 100 km in Europe and east of the Mississippi in the

!
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Figure 7. Comparison of the Night Sky over Los Angeles 1908 and 2008 (Richardson, 2008)

United States of America. This trend appears to be on the increase throughout the world and the
response of current generations will have a profound impact on many generations to come.
Humans have had a deep fascination and spiritual connection with the stars since creation. The
stars have been used to navigate, to predict futures and behaviours and to mesmerize many
generations. The field of astronomy, the study of celestial objects, space and the physical
universe, is dedicated to observing the night sky. A common test that astronomers use to
determine if they are experiencing a dark sky is the Orion star count (Smith, 2008). In this simple
test astronomers will count the number of stars in the constellation Orion during a clear and
moonless night, an average of 11 can be seen in the midst of a city environment while at least 50
can be seen in an area free of such light pollution, a startling contrast indeed. As the ability of
humans to experience a starry sky diminishes many future generations will grow up knowing very
little outside of the Planet Earth.

!
!
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!

Figure 8. Evolution of Light Pollution Across North America (Cinzano, 2001)

The loss of the night sky is not the only abiotic aspect of our world that is impinged by light
pollution. The economic outcome of inefficient and wasted light is huge. In the United States for
instance, six percent of the country’s electricity produced is used for outdoor lighting with
approximately 30 percent of this energy being wasted. Estimates place this at a cost of nearly
seven billion dollars per year (Gallaway, 2010). This points to the United States consumption
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Figure 9. Comparison of the Night Sky over Los Angeles 2009 and 2013 (O’Connor, 2013)

alone, that accounts for approximately one third of global light energy consumption. Overall,
there are an estimated 12 billion electric lights on the planet that consume approximately two
trillion kilowatt-hours annually, a typical household uses 10 000 (Mills, 2008). With this statistic in
mind the energy consumption of wasted light is staggering.
There are over 130 million street and area lights in the United States, of that 35 million are
HPS street lights that consume a large amount of unnecessary energy. Although the initial cost of
retrofits for these lights is substantial the cost savings over their potential replacements lifetime is
significant. The City of Los Angeles recently replaced 140 000 street lights in the city with energy
efficient LED light fixtures over a period of four years and this resulted in a significant reduction
of the city’s urban sky glow (Figure 9) and a recovery of 10 million dollars annually through
reduced energy costs (O’Connor, 2013). Similar results have been achieved in Canadian cities
such as Calgary and Edmonton. This global trend appears to be gaining momentum.
The implementation of light on the streets, outside homes and throughout the city has often
been associated with a reduction in crime. Conclusive scientific studies that indicate a direct link
between lighting and crime are few. Studies conducted in the United Kingdom have found both a
positive and negative link between outdoor night lighting and crime rates (DMD, 2010). Mizon
(2002) determined that criminals do not consider the presence of outdoor lights at a property to

"22

be a deterrent to their activity. The most likely deterrents are the belief that the house is
occupied, the presence of alarms outside the property and the presence of CCTV cameras, the
presence of lighting was not mentioned as a potential deterrent. The Federal Bureau of
Investigation in the United States publishes crime statistics for the country every year and for a
period of five years, between 2007 and 2012, over 50 percent of residence burglaries occurred
during the day (FBI, 2011).
The over lighting of areas, to provide a perceived sense of increased security, can lead to an
increase in illicit activity due to the impact of glare on those observing that particular spot, see
Figure 9 (Mizon, 2002). The National Institute of Justice in the United States published an
assessment of crime and violence and concluded that there is little support for the misconception
that ‘brighter is safer,’ suggesting that poorly designed lighting may in fact assist in criminal
activity (Mizon, 2002). Other studies have found that the quality and design, of security lighting
in particular, has the greatest impact on the threat of criminal activity in an area. Outdoor
lighting guidelines produced by governments, industry and authorities inform those planning to
install security lighting ask themselves the question, “Who will benefit most from the installation
of these lights? Will it be the victims, witnesses or criminals?” (Mizon, 2002). The threat of
criminal activity within a municipality is very real but it is a complex issue with many different
factors besides the amount of light present along a city street or outside a home at night.

!
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Figure 10. The Effect of Glare on Visibility (IDA, 2014)

!
Light Pollution in Canada
The majority of information published on light pollution is generated by organizations founded
in the United States and the United Kingdom. Canada, however, has officially addressed light
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pollution for over 20 years. The Royal Astronomical Society of Canada (RASC) was founded in
1868 with a vision to ‘inspire curiosity in all people about the Universe, to share scientific
knowledge and to foster collaboration in astronomical pursuits’ (RASC, 2013). The RASC has 29
centres across Canada and nearly 4 500 members. In 1991, the RASC established its Light
Pollution Abatement Committee that is charged with working for social and legislative changes
that will result in better, more responsible lighting practices in Canada. This program has
established numerous initiatives that are helping to raise the awareness of light pollution in the
country. In 2008 the RASC developed a Dark Sky program to recognize Urban Star Parks (USP)
and Dark Sky Preserves (DSP) within Canada. They identify areas that are close to urban areas
or a little further out for their accessibility to a pristine sky. The documents that outline these
programs have become the best management guidelines for Parks Canada as they strive to create
dark sky areas across the country. The key components of the Dark Sky program are: the control
of local lighting, outreach programs and the demonstration of good night lighting practices
(RASC, 2012). To date there are 17 RASC recognized Dark Sky Preserves across Canada and
two Urban Star Parks. Canadians are increasingly becoming aware of the spread of light
pollution and are beginning to address this problem in tangible ways.

Technological Advances in Light
As technology continues to evolve it is becoming more advantageous for municipalities to adopt
these new technologies. With the Canadian ban on incandescent light bulbs coming into effect in
2014 it won’t be long before governments address the issue of energy wasted through inefficient
municipal night lighting. LED lighting is beginning to become the most prominent technology in
municipal night lighting. This form of lighting has improved since its invention in 1968, with

"25

current versions of the technology being over 100 times more efficient (Mills, 2008). LED lighting
presently achieves 100 lumens/watt with the capability of reaching over 200 lumens/watt in the
near future. The LED light also lasts much longer than other sources of light, over 50 000 hours
compared to 24 000 for a HPS or 18 000 for a LPS light. The problem with full adoption of the
LED light fixture is its developing ability to produce a Colour Rendering Index (CRI) that
mimics natural light, the light is currently white in comparison to the blue light we currently
experience at night. The light produced by LEDs is remarkably white and will dramatically
change the look of a municipality at night. Another newer technology being adopted is the full
cutoff luminaire. When adapted with a HPS or LPS bulb this fixture becomes exceptionally
efficient and capable of reducing contributions to light pollution. The current manufacturers of
lighting fixtures have begun to embrace these new technologies and eliminate the older style of
fixtures that are responsible for much of the urban sky glow in municipalities. Further
technological advances are emerging in the field of lighting control as the LED lighting fixtures
are capable of turning on/off instantly and dimming. This has led to the invention of adaptive
lighting technologies that control the level of light emitted by fixtures over the night period, less
light when pedestrian traffic is reduced and when the moon is full. As the lighting industry
continues to advance more municipalities will be forced to reduce their light pollution footprint as
inefficient lighting sources are no longer manufactured.

!
Summary
This chapter has covered some of the key elements that contribute to the global light pollution
phenomenon. The lighting of cities with electric light is a fairly recent event, being less than 150
years old, however, the fascination with electric light and its ability to prolong the day, increase
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productivity and provide a perceived sense of security has made it greatly attractive. This has
been the basis for municipal night lighting and the advent of light pollution. Light pollution is in
essence the excessive light generated by man made lights not solely illuminating the objects
intended. Inefficient municipal and rural night lighting is responsible for many deleterious
impacts on biotic and abiotic functions of the world. Of particular note is the impact of night
lighting on the human production of melatonin, impacting the ability of many to achieve
sufficient rest. The economic cost of inefficient night lighting is also staggering and a driving
factor for change. Canadians have addressed the issue for over 20 years and are continuing to
improve their night skies. Lastly, emerging LED technologies will change the face of municipal
night lighting significantly and may well lead to a reduction in global light pollution.
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Chapter Three
METHODS

!

Research is formalized curiosity
- Zora Neale Hurston

!
Overview

This chapter outlines the methods used in this study. An overview of the theoretical framework
is presented at first as this formed the guiding principles for the methods that followed. An outline
of a mixed methods approach to research follows and is discussed in the context of this study.
The municipality selection process is outlined next. Following is an overview of the data
collection methods used, primarily semi-structured interviews and a focused literature review, that
are discussed in regards to their specific role in answering the research goal and objectives. At last
a synopsis of the analysis performed following the data collection is presented.

!
Research Framework
The approach to this study took an exploratory route that included inductive and deductive
reasoning to determine the best possible methods to discover municipal night lighting practices
across southern Ontario and Alberta. This study focused on the gathering of qualitative
information that could address the goal of determining if municipal night lighting is necessary or
desirable in these municipalities. Qualitative methods have a rich history in landscape
architecture research due to the inherent interdisciplinary nature of landscape architecture.
These methods are routinely dependable in providing a broad range of information that allows
for detailed, contextual understanding (Palys, 2008). The research conducted in this study seeks
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to provide explanations to current municipal night lighting practices allowing room for future
studies that may explore the quantitative aspects of municipal night lighting.
Further this study was undertaken within an overarching structuralist framework. Research
conducted within a structuralist framework seeks to understand how the elements of a particular
set of circumstances relate to a larger, overarching system (Blackburn, 2008). In this study
municipal night lighting is the element that is sought to be understood within the context of a
larger set of rules and regulations formed by independent organizations across North America.
This approach has helped to determine the barriers that persist surrounding municipal night
lighting reduction and formed a frame under that the research could be conducted.

!
Research Design
The research design approach for this study took the form of a multiple site mixed methods
case study. Mixed methods data collection is the most effective method for gathering information
regarding the complex nature of municipal night lighting. The mixed methods approach as
defined here is an approach that combines quantitative and qualitative research techniques,
methods and concepts into this single study (Johnson, 2004). The use of mixed methods in this
study will help to generate a depth of knowledge surrounding municipal night lighting practices
that would be otherwise unavailable to collect using solely qualitative methods. By incorporating
primarily qualitative methods, mainly the incorporation of local contexts and understandings it is
possible to generate data that is more specific to each municipality and generate the opportunity
to identify overlaps in information. The following tables outline the strengths and weaknesses of
the different traditional research methods including mixed methods research. It is clear that the
use of mixed methods research techniques adds a level of generalizability that would be missed
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using solely qualitative research methods. The mixed methods approach also allows the research
to delve into the broader questions surrounding municipal night lighting and sets up nicely for
future research in this area.

!
Table 4. Qualitative Methods (adapted from Nelson, 2012)

Qualitative Methods
Strengths

Weaknesses

Depth of data

Lack of generalizability

Relevance to local contexts and understandings

Difficult to make predictions

Relatively responsive and flexible

Time-consuming

More space for stakeholder input

May lack credibility to some
Higher potential for bias

!
Table 5. Quantitative Methods (adapted from Nelson, 2012)

Quantitative Methods
Strengths

Weaknesses

Can demonstrate cause and effect

Pre-determined categories may not be appropriate

Can help make predictions

May not reflect local knowledge, priorities

Precision of data

Can be too narrow, and miss seeing important data

Results relatively independent

May not be applicable to different contexts in the real world
(i.e. too abstract)

Can be viewed as more legitimate

!
!
!
!
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Table 6. Mixed Methods (adapted from Nelson, 2012)

Mixed Methods
Strengths

Weaknesses

Can add meaning to quantitative data

Can be difficult to carry out

Can add precision to qualitative data

Need to learn multiple analysis techniques

Can address broader questions

Time-consuming

Provides more complete picture

Question of potentially conflicting results

Can increase legitimacy, generalizability and
applicability of results

!
Municipality Selection
Each municipality selected was based on a series of criteria aimed to achieve a range of
Canadian examples of municipal night lighting practices. Each municipality selected had to meet
at least two of the criteria to be involved in the research. The criteria consisted of:
1. Does the municipality have existing light pollution legislation?
2. Has the municipality undergone recent retrofits to their lighting infrastructure?
3. Is there an observatory located within the municipality?
4. Does the municipality have other progressive approaches to common environmental issues
(waste management, energy reduction initiatives, etc.)?
5. Is there significant literature available documenting the municipality’s approaches to night

!

lighting?

Research Process
The research conducted for this study was conducted between the months of September 2013
and April 2014. Initial research was conducted to look at the issue of light pollution and
determine what knowledge reading this phenomenon exists. After this initial research was
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conducted the criteria for selecting municipalities was determined. Using this information a
detailed search of existing literature from published sources and from recognized expert
organizations (RASC and IDA) provided the details necessary to select the six municipalities
(Calgary, Edmonton, Hamilton, Mississippi Mills, Richmond Hill and Whitestone). Once the six
municipalities were selected formalized emails were submitted to each municipalities lighting
department. These departments were determined by way of phone conversations or emails with
administrators in each municipality. These individuals were able to identify professionals in their
organization responsible for the municipal night lighting. The larger cities (Calgary, Edmonton,
Hamilton and Richmond Hill) had unique departments dedicated to the design and
implementation of street and area lighting solutions. For each of these cities the researcher was
able to speak with a supervising engineer responsible for overseeing the lighting systems. In
Mississippi Mills and Whitestone the municipal night lighting was overseen by maintenance
managers responsible for many operations in the municipality. All of these individuals were
contacted and asked to provide feedback on the interview questions (Appendix A). This
information exchange was conducted by way of email, telephone calls and an in person
interview at the City of Hamilton. Initial contact was made with each municipality in
December 2013 and the results were completed in the first week of February 2014. In addition
to the discussions conducted with each individual, each municipality provided access to their
municipal night lighting standards, by-laws and lighting rationale. This information was
combined with the discussions to provide a more complete picture of the municipal night
lighting practices and policies in each municipality.

!
!
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Data Collection
Data for this study was collected using semi-structured interviews as the primary source of
information. Additional information was gathered through a comprehensive literature review on
each municipality and their published data regarding municipal night lighting practices. These
data collection methods helped to obtain the information necessary to address the research
objectives that were:
1. Describe the history of current lighting practices by exploring the literature in the fields of
lighting evolution and professional standards development
2. Identify Canadian municipalities with progressive approaches to municipal night lighting or
other environmental degradation issues by consulting industry publications
3. Evaluate the characteristics of municipalities known for their light pollution reduction
policies by speaking with individuals responsible for the implementation of the policies
4. Determine best management practices for municipalities wanting to address light pollution
issues by combining identified progressive approaches and the knowledge of professionals
with practices demonstrated to produce results

!
Interviews are the most used and well documented form of qualitative research (Heyink, 1993).
They range greatly in their level of structure and can be generally adapted to gather the
information the researcher is interested in, in a quick and efficient manner. The interviews for the
purpose of this study were semi-structured interviews with questions, meant to stimulate
conversation, being delivered to the participants ahead of the interview (Appendix A). This
provided the researcher with the opportunity to individualize each interview with an emphasis on
the areas of interests of the specific interviewees. The subjects interviewed in the study consisted
of local decision makers regarding light pollution, primarily city engineers with years of
experience in the realm of municipal night lighting in their respective municipality. Each

"33

interview was conducted by the primary researcher in the place of business of the interviewee
whether by phone, email or in person and recorded to enhance the amount of information
retained by the researcher. Additional notes were taken during the interviews including context,
emphasis, body language etc. that was noticed by the researcher during the interview.
The known drawbacks to interviews as a data collection method such as amount of time
required and interviewer bias were addressed by the researcher. The time factor was carefully
accounted for with interviews being concluded by the end of January allowing for much time for
the research to analyze the information collected. The interviewer bias may negatively or
positively affect the interviews based on the opinions of both the interviewer and the interviewee
(Heyink, 1993). In order to mitigate some of this bias it was important to have the same
interviewer conduct all of the interviews that in this case was the researcher themselves.

!
Data Analysis
The data was analyzed using an inductive and deductive approach. The original recordings
were listened to again in an isolated arena to prevent distraction and to allow the researcher to
focus on the words that were said. Transcriptions of the data were eliminated as this provided the
researcher with the greatest opportunity to analyze the data for voice emphasis and context. As
the researched listened to each interview they recorded individual remarks and key pieces of
information in a notebook. This process of open coding, a term used to describe the part of the
analysis concerned with identifying, naming, categorizing and describing phenomena identified
in the interviews (Strauss, 1998). This coded information was then used to identify key themes
and overlaps in policies and practices between municipalities. Once this information was
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gathered and these themes were identified, the inductive part of the analysis, the information was
used to apply to specific situations in other municipalities.
The coded information was also compared to the quantitative information gathered through
literature about each municipality. This information provided an opportunity for comparison
between the municipalities as well as what approaches were providing the greatest feedback in
terms of money and energy consumption.

!
Summary
This chapter has outlined the specific processes undertaken to identify municipal night lighting
practices in several municipalities across southern Ontario and Alberta. It contains details
regarding the research framework, research design, data collection methods and data analysis
approaches.
The approach to this study was exploratory in nature using both inductive and deductive
reasoning to reach logical conclusions regarding the data. By using mixed methods, both
qualitative and quantitative research, the researcher was able to piece together complex sets of
information and compare municipalities. The interviews provided a great deal of information
and gave insight into the approaches each municipality has taken to address municipal night
lighting and identified both barriers and avenues available to address both negative and positive
elements of changes within the industry.
The semi-structured interviews were analyzed using open coding and comparisons. They
provided a rich data set that comprised important information that was used to create
comparisons between the municipalities and identify themes in municipal night lighting that
required further investigation.
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Chapter Four
RESULTS

!

Who turned off the stars?
- Anonymous

!
Overview

This chapter provides a detailed look at the results that emerged from exploring the practices
and policies of six selected Canadian municipalities (Calgary, Edmonton, Hamilton, Mississippi
Mills, Richmond Hill and Whitestone). An investigation into each municipality’s history,
demographics and organizational structure helped to frame the municipality’s policies and
practices. Following this information the results of interviews with lighting professionals and
extensive literature consultation provides an in depth look at municipal night lighting in each
municipality. Lastly a general overview of other significant municipal practices is outlined. A
brief overview of the results is provided in Table 7.

!
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Table 7. Municipality Comparison

Calgary,
Alberta

Edmonton,
Alberta

Hamilton,
Ontario

Mississippi
Mills,
Ontario

Richmond
Hill,
Ontario

Whitestone,
Ontario

City

City

City

Town

Town

Township

1 096 833

812 201

519 949

12 385

185 541

941

Municipal Area
(km

825.29

684.37

1 138.11

519.53

100.95

957.52

Latitude (°N)

51.05

53.53

43.25

45.22

43.88

45.68

Hours of Sunlight
(Summer Solstice)

16.56

17.05

15.39

15.65

15.45

15.83

Hours of Sunlight
(Winter Solstice)

7.91

7.46

8.98

8.73

8.92

8.57

84 000

100 000

50 000

1 250

20 000

100

Primary Lighting
Source

HPS

LED

LED

LPS

LPS

HPS

Night Lighting
Legislation

2013

2014 Expected

Unknown

2003

1995

2006

Presence of an
Observatory

None

None

None

Yes, FLO

Yes, DDO

None

Energy

Energy

Energy &
Technology

Observatory

Observatory

Light Pollution

Municipal Status
Population

Approximate
Number of
Streetlights

Primary Night
Lighting Concern

!
Municipal Organization
Calgary, Alberta
Calgary, situated on the eastern slopes of the Rocky Mountains in Alberta, Canada, was
established as a city on January 1, 1894. With a current population of just over one million
people, Calgary has developed into one of Canada’s largest cities. The city is overseen by 15
elected officials, 14 councillors and a mayor. Calgary has six large public departments that are
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responsible for the operations of the city. These departments include Corporate Administration,
Community Services and Protective Services, Corporate Services, Planning, Development and
Assessment, Transportation and Utilities and Environmental Protection. The Transportation
department is responsible for the city’s extensive road network that includes street lights. The city
employs professional engineers almost exclusively to manage street lighting initiatives and oversee
the entire lighting network, with the Traffic Operations group managing the maintenance and
repair of street lights and the Traffic Engineering group responsible for the design and
installation of street lights.
The City of Calgary relies almost exclusively on energy created from the burning of fossil fuels.
This generates a large amount of Green House Gases (GHG) that increase the ecological
footprint of the city. Energy consumption makes up 71 percent of the total ecological footprint of
Calgary (City of Calgary, 2010). With a goal to reduce the GHG emissions of the city 20 percent
by 2020 Calgary is well poised to test and adopt new forms of municipal night lighting that will
help to achieve this ambitious goal.

!
Edmonton, Alberta
Edmonton, Alberta’s second largest city, is located in the centre of the province. With a census
metropolitan area population over one million inhabitants it is the northern most city in North
America with such a large population. This has given Edmonton the moniker ‘Gateway to the
North.’ The city’s history is tied to the river and this natural ecosystem continues to play a major
role in defining the environmental consciousness of the city. Governed by 12 councillors and a
mayor the city continues to see a high annual growth rate of nearly five percent year over year.
This has put enormous strain on the city’s resources and continues to contribute to urban sprawl.
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All of these factors contribute to the large network of municipal night lighting found throughout
the city.
Edmonton is well known for its advanced waste management program and excellent water
treatment system and is a world leader in sustainable initiatives. ‘The Way We Green’ strategic
plan is an initiative in Edmonton aimed at reducing the global ecological footprint of the city.
This plan outlines Edmonton’s commitment to environmental stewardship up to the year 2040.
Amongst the list of areas of concern is Edmonton’s reliance on fossil fuels for energy, of that
municipal night lighting is responsible for 30 percent (City of Edmonton, 2013). Edmonton is
well positioned to address municipal night lighting in a significant way over the next decade.

!
Hamilton, Ontario
Hamilton is a port city located in eastern Ontario with a population of just over 500 000.
Incorporated as a city in 1846, the oldest city in this study, Hamilton has transitioned through all
of the advancements of the electric light and continues to be adopting changes in technology as
quickly as they are introduced. The city elects 15 councillors and a mayor every four years to
manage the city’s growth and development. Municipal night lighting responsibilities are managed
by the Engineering Services Division of the Public Works Department. This group of engineers
informs the city of best management practices for street lighting and continues to bring new
technologies and ideas before council for consideration.
The energy consumed by the City of Hamilton comes from a wide variety of sources, of that
the majority are renewable. Hydroelectric power is the main source of energy with a growing
amount coming from bio-energy sources (harvested gas produced by decomposing plant and
animal waste). Hamilton Renewable Power operates a large biogas cogeneration plant that
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provides renewable energy for over 350 000 people. The presence of large steel mills located in
the city has made Hamilton conscious of its environmental footprint and their 24 hour
operations contribute greatly to light pollution. However, the ecological footprint of Hamilton is
much smaller than the municipalities located in Alberta but this has not deterred Hamilton from
continuing to address the issue of light pollution and its wasted energy costs.

!
Mississippi Mills, Ontario
Mississippi Mills is a bedroom community located just west of the City of Ottawa, with a
population of nearly 12 500. This municipality is home to the Fred Lossing Observatory (FLO)
located at the Mill of Kintail. The FLO opened in 1971 and is responsible for the discovery of
five comets, more than any other observatory in Canada. Being home to this observatory and as
part of the National Capital Region, Mississippi Mills has begun to address light pollution issues.
The Town of Mississippi Mills is governed by 10 councillors and a mayor. Government
departments responsible for the management of municipal night lighting include the Road and
Public Works Department in cooperation with the Building and Planning Department. These
two departments work to establish new light pollution strategies and ensure that the 2003 Light
Pollution by-law is strictly adhered to. Although the budget for projects within the town are much
lower that the larger municipalities of this study, Mississippi Mills is adamant about having one
of the best light pollution management strategies.

!
Richmond Hill, Ontario
Richmond Hill is a mid sized town located in the Greater Toronto Area with a population of
nearly 200 000. Home to the David Dunlap Observatory the city has had the longest standing

"40

light pollution by-law in Canada. The David Dunlap Observatory is home to the largest
telescope in Canada and is operated by the Toronto Centre of the Royal Astronomical Society of
Canada. Located just four kilometres north of the Toronto city limit, Richmond Hill realized
early on the effect that light pollution was having on its observatory. With this in mind, the city, in
cooperation with the observatory, formally introduced light pollution legislation in 1995.
Richmond Hill’s ecological footprint and energy consumption is influenced immensely by its
approximation to Toronto. The municipal night lighting services are overseen by professional
engineers in the Environment and Infrastructure Services Department. The rapid expansion of
Toronto towards Richmond Hill has made the town aggressive in its light reduction policies. The
mayor and eight councillors are committed to upholding the integrity of the sky surrounding the
observatory and this leadership has created a pleasant experience throughout the town during the
night.

!
Whitestone, Ontario
Whitestone is a township in south central Ontario east of Georgian Bay populated by nearly
1000 people. Being a destination location with a primarily transient population the integrity of
the night sky has held important value in the community. During the summer months the
population of Whitestone will quickly double putting a strain on town resources and increase the
potential to disrupt the night sky. The mayor and four councillors are active in ensuring that the
integrity of the night sky remains as natural as possible for the enjoyment of all residents and
visitors alike. The goal of nocturnal aesthetics is the primary reasoning behind the
implementation of light pollution legislation in this municipality.

!
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Municipal Night Lighting Policies and Practices
Calgary, Alberta
In order to illuminate the extensive systems of traffic corridors, streets and avenues found
within Calgary the city maintains approximately 84 000 street lights. This extensive network of
high pressure sodium (HPS) lighting resulted in a large amount of wasted light, making Calgary
the largest contributor to light pollution in western Canada (Figure 11). In 2001, Calgary
adopted a strategy entitled ‘The EnviroSmart Street lights Retrofit’ whereby they would retrofit
existing residential street lights in the city with flat lens, low watt fixtures intended to reduce the
amount of light wasted. Between 2002 and 2005 Calgary retrofitted over 37 000 light fixtures
with annual cost savings of 1.7 million dollars per year as a result. The total amount of savings as
of 2010 was over 11 million dollars, 107 000 MWh of energy and 124 000 tonnes of carbon
dioxide emissions and these savings continue to add up.
A senior lighting engineer employed by the City of Calgary emphasized that the lighting
initiatives carried out by the municipality are generally aimed at reducing the amount of energy
consumed by the city’s lighting system. The impact that these initiatives have on the quality of
the night sky is strictly an added benefit to the economic gains the city will realize in the long
term. The reduction in green house gases is another large driving force for the city that has
continued to push Calgary towards new and better technology even after nearly 10 years of cost
recovery from the first initiative the City continues to explore new options for further reductions.
Calgary has experimented with numerous other lighting strategies. In 2010 Calgary operated a
dimming project trial, where 100 street lights were monitored and controlled remotely to provide
lighting at 70 percent of their typical luminance. Although this project was effective in lowering
the energy consumption of the lighting system the payback period was longer than deemed
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acceptable and the program was not introduced city wide as a result. Most recently the City of
Calgary is set to begin a new trial program for LED lighting called the e2 Street Lighting
Program. Beginning in the spring of 2014 the city will be converting 2 500 street lights to LED
fixtures in five communities. Despite the energy savings Calgary has experienced from its recent
EnviroSmart retrofit program LED lighting offers better quality street lighting, further reduced
energy consumption and even less wasted light. It is estimated that the operating cost savings
from each new fixture would be 65 dollars per year. City council has requested a comprehensive
implementation plan for 2015 to 2017 as a result. As a result of the lighting initiatives
implemented by the City of Calgary public awareness of light pollution has grown and this has
resulted in the recent adoption of a light pollution by-law, called the ‘Bright Skies’ by-law, in
April 2013. Although not retroactive this by-law will help Calgary to continue to improve the
night sky experienced by those inhabiting the city.

Figure 11. Light Emissions of Western Canada (U.S Defence Meteorological Satellite Program, 2001)
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Edmonton, Alberta
The City of Edmonton maintains a large network of roads and multi use trails throughout the
city. These public use corridors are lit by over 100 000 street and area lights. These lights are
responsible for approximately 30 percent of the city’s overall power consumption (City of
Edmonton, 2013). Edmonton began reviewing their street lighting programs in 2010 and this
resulted in an internal policy, aimed at reducing the amount of energy wasted by inefficient
fixtures, being implemented in August 2013. During this period of time the city experimented
with LED fixtures from several different manufacturers and selected those that provided energy
savings of between 40 to 60 percent over HPS systems. Following this series of tests the city
adopted a strategy to reduce their ecological footprint and decrease their amount of greenhouse
gas emissions. The Neighbourhood Renewal program will include the transition of HPS
residential street lights to Light Emitting Diode (LED) fixtures. This program began in 2011 and
the City of Edmonton has replaced approximately 17 500 street lights as of January 2014. It is
expected the transition will be completed within 20 years based on the current rate of transition,
4600 fixtures per year. The city is looking into an accelerated LED street light conversion
program that would see the entire network of street lights be converted to LED fixtures within
five years. It is estimated that this will reduce the power consumption of street lights by 30
percent and provide the city with payback within 13 to 17 years. City Council is still debating this
approach.
According to the director of transportation services for the City of Edmonton, following the
implementation of the LED street light program officials in the city expect that a light pollution
by-law will be introduced once they have determined proper procedures for its implementation
and enforcement. The process of implementing changes to the current lighting standards was
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initiated in 2010 resulting in an approved document in August of 2013. It is the responsibility of
the signals and street lighting department of the city to set the direction of future lighting
standards that are then outlined in the design standards implemented across the city. A pilot
project to test the effectiveness of adaptive lighting has been started in the City of Edmonton.
This project will install adaptive dimming technology on five streets in the Woodcroft
neighbourhood that will dim the street lights during off peak hours. Information from this study
will be used to inform the installation of this technology on future LED retrofits. Edmonton is
well positioned to take advantage of the greatest energy saving options in street lighting
technology.

Hamilton, Ontario
The City of Hamilton, located on Lake Ontario has unique challenges and responsibilities
regarding the light pollution they produce. When speaking with a senior lighting engineer for the
city of Hamilton he stated that the street lighting division in Hamilton has been aggressive in
their efforts to reduce urban sky glow and are experimenting with many different light pollution
reduction mechanisms. The city is in the midst of retrofitting five downtown corridors identified
as some of the biggest contributors to light pollution and inefficient lighting practices. In addition
the city has mandated that all new residential developments be outfitted with LED street lighting
fixtures. The lighting division has also been experimenting with computer controlled lighting that
adjusts the level of lighting provided based on the average street usage throughout the lighting
period. These levels are based on the IESNA street luminance values as seen in Table 2. As
mentioned previously the required luminance values decrease based on the volume of pedestrian
activity allowing for lower levels of lighting to be provided during certain hours of the night. This
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adaptive technology can be controlled by computer or by light fixture mounted sensing
equipment. Other approaches to municipal night lighting that Hamilton is employing includes
the extinguishing of all lights in public parks at 10 o’clock pm, when the parks are closed to the
public and mandating that all new residential developments adopt LED technology for street
lighting.
Hamilton has not yet introduced a light pollution by-law to curb the effects of inefficient use of
night lighting. This has been the topic of much debate amongst politicians, city staff and
stakeholders recently but appears to be inevitable according to one senior lighting engineer with
the city. The City of Hamilton has just recently received the results of a 2009 Comprehensive
Outdoor Lighting Study that recommends a number of strategies to improve the nocturnal
environment of the city. This study, conducted by DMD & Associates (2010), looked at all aspects
of the municipal lighting strategy employed by Hamilton with an emphasis on the downtown
core. The document cites the lack of a formalized lighting policy for the city as an important
catalyst for lighting improvement. The document also stops short of providing detailed
recommendations for change, instead encouraging Hamilton to develop long term capital
improvement plans that will fund and implement improved lighting strategies. Following the
release of this document the City of Hamilton has begun to make changes to its municipal night
lighting and a lighting policy and light pollution by-law are not too far in the future. As the city
continues to grow and develop, Hamilton is poised to greatly reduce its urban sky footprint.

!
Mississippi Mills, Ontario
Recognizing the effects of light pollution and having a desire to preserve the night sky
surrounding the Fred Lossing Observatory (FLO) the town of Mississippi Mills passed a by-law in
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2003 aimed at regulating outdoor illumination to ensure responsible lighting and conservation of
the night sky (Mississippi Mills, 2003). The by-law requires any new lighting installation in the
city to be a full cutoff fixture and all lighting levels are strictly enforced to fall within the
recommendations of the IESNA Roadway Lighting Guidelines. The by-law bans the electrical
illumination of outdoor advertising signs after business hours and shows no tolerance for light
trespass. Upon implementation of this by-law an Outdoor Illumination Committee was formed
to provide consultation on municipal wide lighting, resolve conflict, investigate complaints and
review new subdivision development proposals. Of particular note regarding the by-law is the
four kilometre protection area surrounding the FLO. There is to be no illuminated signs within
the protection zone as well as only full cutoff lighting and pole spacing greater than 10 metres.
The four kilometre zone has no grandfather clause so all existing lighting within this perimeter
must conform within five years of the by-law enactment. The municipality is active in enforcing
the by-law through written and verbal warnings. There was some initial push back on the by-law
during its early years of implementation, according to one city official, but the residents and
businesses have since embraced the regulations citing the improved visibility of the night sky and
generally more enjoyable nighttime atmosphere throughout the town. Having developed this bylaw, Whitestone is a nation wide leader in effective light pollution mitigation.

!
Richmond Hill, Ontario
The David Dunlap Observatory, operated by the Royal Astronomical Society of Canada, has
been the driving force for Richmond Hill’s strict lighting policies since it was opened in 1935.
The observatory was built 25 km north of the University campus on the crest of a hill to
maximize its ability to observe the night sky. For just over 25 years the observatory was used to
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discover previously unknown elements of the universe but by 1971, due to a 30 percent per year
annual increase in brightness of the surrounding sky during the 60’s, the observatory could no
longer be used to take images of the sky. This prompted staff at the observatory to begin
lobbying town council for opposition to any future development surrounding the observatory.
This strategy was unsuccessful so in 1975 the town discussed the first light pollution by-law that
resulted in the establishment of general principles but was not enacted due to regulations of the
Ontario Municipal Act. Due to poor implementation of these principles the observatory
continued to lobby the town for a by-law until it was finally introduced in 1995. The observatory
remains the greatest force behind the continued enforcement of the by-law. According to a
lighting engineer with the Town of Richmond Hill, the by-law would cease to exist if the
observatory was to close because there would be no tangible reason for continued enforcement of
the by-law. The town has seen continued push for development close to the observatory for years.
The light pollution by-law regulates the installation, illumination levels, hours of operation and
replacement of existing fixtures within the town. A highlight of the by-law is the requirement to
extinguish all outdoor lighting fixtures in the municipality after the time of 11 o’clock pm unless
the light is continuing to be used to illuminate activity. The by-law also establishes a requirement
that all new development submit a lighting plan with their proposed project. The approval of the
entire project is contingent on the approved lighting plan with no deviation being permitted
without approval. The by-law is enforced with fines through local inspectors. Being forced to
maintain the integrity of the night sky surrounding the observatory has kept Richmond Hill at
the forefront of light pollution abatement.

!
!
"48

Whitestone, Ontario
In 2006, the municipality of Whitestone enacted a light pollution by-law that regulates the use
of artificial night lighting. The goal of the by-law is to afford every citizen the ability to engage in
safe lighting practices that do not impede on other citizens who desire a more pristine night time
environment. The following are the principal concerns addressed by the by-law (Municipality of
Whitestone, 2008):
1. The degradation of the night time visual environment by production of unsightly and
dangerous glare
2. Unnecessary waste of energy and resources in the production of too much light or wasted
light
3. Interference in the use or enjoyment of property that is not intended to be illuminated at
night
4. The loss of the often neglected scenic views of the heavens due to increased urban sky glow

!

In addition to addressing development plans, outdoor light replacements and illuminance levels
this by-law enforces a mandatory 10 o’clock pm lights out policy. The policy also classifies lamp
types based on lumen output and mandates the amount of shielding required. The by-law is
enforced through written warnings and fines. Due to the small population of the township and
the transient nature of its residents there has been little difficulty in the enforcement and
implementation of the by-law, according to one city official. The citizens have been generally
accepting of the by-law as it has created an excellent night time environment throughout the
municipality and created an ability to view the night sky that is cherished by those visiting from
larger cities. Having a small population that is frequented by summer residents has allowed
Whitestone to maintain their dark sky and become a popular destination for those interested in
experiencing a forgotten nocturnal environment.
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Further Results
This study focussed on the lighting policies and practices of the aforementioned six
municipalities across Canada. Other important light pollution work is being carried out across
the world. South Korea recently introduced a comprehensive light pollution act and dark sky
preserves are being developed and recognized worldwide including, Mont Megantic in Quebec,
Canada. Arizona has long been a leader in light pollution mitigation due to the high number of
astronomers and observatories located in the desert surrounding Flagstaff and Phoenix. In total
18 states now have some form of light pollution legislation and this number is continuing to grow.
Further the International Dark Sky Association (IDA), founded in 1988, has become a world
leader in the abatement of light pollution. With over 11 000 members around the world they are
involved in the establishment of dark sky reserves, parks and communities. They are also involved
in the approval of light fixtures providing seals of approval that are recognized worldwide. The
IDA also provides a sample by-law template that can form the basis of a by-law in any
municipality. As the world continues to become more greatly urbanized the lighting of our cities
is continuing to adapt.

!
Summary

Canadian municipalities are beginning to address light pollution in tangible ways that have
resulted in many benefits to their citizens and the environment. Calgary and Edmonton, Alberta
have undergone extensive retrofits in their cities that have resulted in significant energy
reductions and cost savings. Hamilton, Ontario is at the forefront of experimental technology
and is seeing the remarkable benefits of LED lighting and its full controllability. Mississippi Mills
and Richmond Hill, Ontario both have observatories in their jurisdictions and as a result have
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the oldest and most aggressive light pollution legislations. Whitestone, Ontario is a destination
town that has limited light pollution in their municipality to promote the dark sky for its residents
and visitors. Worldwide knowledge and concern over light pollution is growing and international
organizations are in place to assist in the development of strategies to address the issue. As
knowledge of light pollution continues to grow the number of Canadian cities with municipal
night lighting by-laws will grow as well.
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Chapter Five
DISCUSSION AND CONCLUSIONS

!

Light what you need, when you need
- International Dark Sky Association

!
Overview

The goal of this study was to exam the current municipal night lighting practices of six selected
Canadian municipalities with the aim of determining their policies and practices. A secondary
goal was to document the history of current night lighting practices and their future direction.
This chapter relates this research goal with the results of the study and places those results in the
context of current Canadian approaches to light pollution. In addition the municipal approach
to light pollution mitigation is discussed with general recommendations for best practices
regarding municipal night lighting. The implications of this study for landscape architects is then
presented followed by suggestions for future research.

!
Explorations of Municipal Night Lighting
The phenomenon of light pollution has been a recognized contributor to urban pollution for
over 50 years. Despite this knowledge, the majority of light pollution legislation and abatement
programs have only been developed over the course of the last 20 years with light pollution bylaws being even younger. The International Dark Sky Association (IDA) was founded in 1988 to
combat the increasing amount of light pollution found throughout the United States and around
the world. The Royal Astronomical Society of Canada (RASC) can trace its origins to the late
1800s and has been instrumental in the advancement of astronomical knowledge throughout
Canada. In 1991 the RASC established its Light-Pollution Abatement Committee to support
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measures aimed at reducing light pollution. The mission of the committee is to ‘work for social
and legislative changes that will result in better, more responsible lighting practices in Canada,
and the preservation of the nighttime environment for all to enjoy’ (RASC, 2013).With the
knowledge of light pollution contributed to and distributed by these two organizations and much
other research conducted around the world the six municipalities identified and investigated in
this study have developed a range of municipal night lighting strategies.
Through key informant interviews and an exploratory literature review the current municipal
night lighting policies and practices of the six selected Canadian municipalities were uncovered.
The findings suggest that economic factors, improving industry regulations and technology and
good design are fuelling the improvement in policies and these are filtering towards the practices.
As demonstrated in Calgary, a city wide retrofit carried out over a period of four years, resulted
in annual savings of over 1.7 million dollars. These cost savings were so significant, nearly 11
million dollars as of 2010, that the City of Calgary is now exploring light emitting diode (LED)
technology for a new retrofit to further reduce energy consumption and costs associated with
municipal night lighting practices.
Developments in LED technology over the last 10 years has prompted cities such as Edmonton
and Hamilton to introduce the technology in street light installations throughout their cities. This
initiative is driven primarily by the energy savings provided by LEDs rather than the potential
reduction in urban sky glow. Edmonton calculated that energy savings would be around 30
percent over the current HPS system in place and Hamilton has begun retrofitting downtown
areas with LED lighting to determine the energy savings and lighting implications of this system.
The primarily white light produced by LED fixtures will have a pronounced impact on the

"53

nocturnal environment that humans have so far become accustomed to. The results of such a
change on humans, other biota and the night sky should be investigated.
Richmond Hill, Mississippi Mills and Whitestone have had success with their light pollution bylaws to date and continued enforcement of these by-laws will become increasingly important as
transitions in technology continue to progress. The lighting policies in place in Richmond Hill
have helped to allow the David Dunlap Observatory to remain as a functioning observatory and
a similar result has occurred in Mississippi Mills with the Fred Lossing Observatory. The
municipality of Whitestone enjoys dark night skies in large part due to their strict policies and
small transient population that increases the ability for enforcement. These six municipalities are
working to promote their approaches to municipal night lighting and as the technology continues
to develop it will be fascinating to see how the policies adapt.

!
A Historical Perspective
The lighting of our cities has grown increasingly complex since it first began over 500 years ago.
Rapid development of technology over the last century has resulted in the current municipal
experience of light pollution. The historical outline presented in this study creates a foundation
for understanding the current state of municipal night lighting. It is important to be able to
recognize the development of light over time and use this knowledge to predict the future
direction of night lighting.
Municipal night lighting has experienced a varied past since it first began. With each
subsequent advancement in its technology the human expectation for expanded lighting during
the night has increased. Cities and industries now operate on a 24 hour, seven days per week
schedule that demands the use of artificial light to increase productivity and illuminate the night.
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It is the result of recent studies conducted throughout North America and the United Kingdom
that our understanding of the negative effects of artificial lighting is growing and a reduction in
excessive and unnecessary municipal night lighting may soon become a reality. The historical
perspective provided in this study lays a foundation for understanding where lighting has come,
especially in the last century, and creates a perspective of where municipal night lighting is
headed in the future.

!
The Municipal Approach
As this study has revealed there are numerous approaches to the problem of light pollution.
Many municipalities aim to reduce their contributions based solely on an ecological and
economic outcome (Calgary and Edmonton) while others are pressured by their residents and
industries (Richmond Hill, Mississippi Mills and Whitestone). Municipalities are also interested in
experimenting with emerging technologies as the industry changes (Hamilton). Regardless of the
approaches of each municipality the problem of light pollution is not going to disappear quickly
and each municipality should be knowledgeable of their policies and practices that impact the
ability of generations to experience the night.
The most comprehensive study and associated benefits from a reduction in urban sky glow
came from the City of Calgary where a cost recuperation of nearly two million dollars per year
was experienced by a simple replacement of the light fixture, thus reducing the amount of lateral
and upward loss of light. The City of Edmonton has monetized the cost/benefits of LED
lighting and has found that a transition will result in energy savings of nearly 30 percent.
Edmonton has begun implementing this change and is debating its expansion at a faster rate.
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The energy savings will be put towards the Greenhouse Gas reduction goals the city has in place.
This continues to be a driving factor for many different municipalities.
Richmond Hill has demonstrated for nearly 20 years that light pollution by-laws can be
effective in maintaining a night sky capable of supporting a world-class observatory on the edge
of one of North America’s largest cities. Following in these footsteps, Mississippi Mills
implemented its own light pollution by-law that regulates the amount of urban sky glow
generated within the city to protect the Fred Lossing Observatory from obtrusive municipal night
lighting. These two municipalities serve as examples of effective policies for the reduction of light
pollution. The observatories located in both municipalities carry out an important education role
that has continued to inform the public of the loss of the night sky.
Hamilton’s approach has provided a great amount of research and results that will help to
indicate the most effective lighting strategy to employ for maximum benefits. Through
experimentation Hamilton has begun to determine the most effective methods for achieving
optimal municipal night lighting and how to effectively control and implement these solutions.
Hamilton is a leading city for advanced lighting management tools that help to reduce light
pollution and its associate effects. The Township of Whitestone has maintained their dark sky
through a strict light pollution by-law and much can be learned by other small communities
wishing to reduce the effects of night lighting. The transient population of Whitestone is
beneficial for the spread of light pollution knowledge and mitigation as many visitors to the
township are able to experience a dark sky and reduced municipal night lighting and take this
knowledge with them to their respective municipalities. As more cities and townships, especially
those with a transient population, enact light pollution guidelines there becomes a greater chance
for this knowledge to spread.
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Comparisons at a Municipal Level
Each of the six municipalities investigated in this study approach municipal night lighting in
different ways. Whereas all municipalities are concerned for the safety of their citizens the
methods of protection (perceived or actual) along the roads and in urban parks during the night
differ significantly. In the City of Hamilton the area lights used to illuminate parks after dark are
turned off during times that the park is closed to the public, after 10 o’clock pm. This may
impact the sense of safety experienced by an individual walking through that area after this time
but the City of Hamilton considers the area closed and no individuals should be using the space.
In the City of Edmonton and Calgary lighting levels are set to meet or exceed the minimum
standards set out by the IESNA and TAC regulations and little variance is tolerated. As for
Richmond Hill and Mississippi Mills levels are set to meet the minimum IESNA standards and all
outdoor city lights other than street lights are to be turned off after a certain time. The town of
Whitestone mandates lights out after 10 o’clock pm to provide a dark sky environment
throughout the entire town regardless of the impact this may have on pedestrian or vehicular
safety.
Other comparisons can be drawn on the type of lighting systems that each municipality uses.
The trend towards LED lighting appears to be gaining momentum but to date few municipalities
have converted their entire systems to this emerging technology. The City of Edmonton and
Hamilton are two municipalities that are embracing this new technology and seeing substantial
cost reductions, in terms of energy savings, as a result. The City of Calgary implemented an
efficient HPS system in 2002 - 2005 that has resulted in significant savings and achieves excellent
results in light pollution reduction as well, although this appears to be a side effect. Richmond
Hill and Mississippi Mills employ a combination of LPS and HPS systems that address the issues
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they face with the presence of observatories. The observatories are able to filter out the
monochromatic light emitted from the LPS system much easier and as a result this has become a
favourite system for lighting around observatories and for astronomers, both amateur and
professional. Whitestone, being a relatively small municipality, continues to use HPS as their
primary lighting source as any change to new technology would yield economic payback in a
longer period of time due to the small size of their system.
The last comparison that can be made is in regards to each municipalities approach to light
pollution. Whitestone has implemented their by-law to address the issue of light pollution and
preserve the experience of a dark sky for its citizens and visitors. Richmond Hill and Mississippi
Mills have addressed the issue of light pollution as it affects their observatories and has an impact
on the visibility of the night sky. The City of Hamilton has begun to address the issue of light
pollution as a by product of testing more efficient and useful lighting systems that have an
economic trade off. Edmonton and Calgary do not specifically name light pollution as a target of
their lighting system retrofits. These municipalities are more interested in the economic and
energy savings that can be gain from a new lighting system. A reduction in light pollution has
become a welcomed by product.

!
Guidelines for an Improved Nocturnal Environment
As a result of this study and by way of analyzing multiple municipalities and general lighting
policies from around the world several general recommendations for the improvement of
municipal night lighting practices have been developed. These guidelines seek to establish assist
municipalities in addressing the issue of light pollution and reduction of unnecessary wastes of
energy. They are as follows:
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1. Adopt full cutoff fixtures and LED lighting early to provide the greatest return on investment
2. Use adaptive lighting technology that can be effective in providing greater energy savings and
darker skies as pedestrian use of space reduces over night
3. Develop a comprehensive light pollution by-law that helps to educate the public and enforce
the municipality’s standards resulting in less energy use throughout the municipality
4. Consult with and maintain relationships with astronomy groups such as the RASC and the
IDA
5. Continue to adopt industry advancements and push the industry to develop products that

!

can be quickly and effectively implemented

By adapting these guidelines to suit the individual needs of a municipality the global trend of
increasing light pollution can be reduced and the human population may be able to experience
the nightly display of stars that have been enjoyed for centuries prior to the advent of the electric
light.

!
Landscape Architecture and Light Pollution
The topics of municipal night lighting and light pollution are important for landscape
architects to be knowledgeable about. The discipline of landscape architecture is as diverse as its
practitioners and as such they are often involved in the design of cities and have the ability to
provide input into municipal night lighting policies and practices. Landscape architects are often
employed in management positions within municipalities providing them with unique
opportunities to impact the direction of municipal night lighting. Being educated designers, often
with a keen interest in the environment and its preservation, landscape architects need to be
aware of all forms of urban pollution including light pollution.
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Addressing light pollution through innovative design will help to capture the attention of the
public and bring greater awareness to the issue. As public knowledge of light pollution and its
negative effects continues to grow landscape architects are well positioned to influence worldwide
responses. Being responsible for the conception and creation of urban spaces throughout
municipalities, that contribute close to 100 million lights to the urban fabric, it is important that
landscape architects take a leadership role in how the lighting systems in these spaces enhance the
design and reduce contributions to light pollution.This study should provide a good basis of
knowledge for landscape architects interested in helping to preserve the night sky for the next
generation.

!
Future Studies and Direction
Despite our knowledge of light pollution as a phenomenon for the last 50 years there is
relatively little that is known about it. Studies that fully quantify light pollution and determine its
major contributors have not yet been conducted. Knowledge of the effects of reflectivity of
surfaces, for instance asphalt versus snow, remain largely unknown. Further as LED technology
continues to improve and more municipalities are adopting this as a street lighting solution
studies into its effects on urban sky glow and our perception of the nocturnal environment will be
important to compare with their known reduction in energy consumption and costs. As more
municipalities adopt light pollution legislation and move towards by-laws further investigation
into the effectiveness of the by-laws, their role in the reduction of light pollution and public
reactions to the issue will be important to conduct. Global light pollution continues to be on the
rise and the more information available to combat it, the more likely that it will become a
forgotten memory.
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The information contained within this thesis will be beneficial to many municipalities for use in
the development of their municipal night lighting practices. As more municipalities discover the
many benefits associated with improved night lighting practices it will be important for them to
collaborate with each other and build on the knowledge of their predecessors. This thesis
contains information from six municipalities in Canada and points to a few more located
throughout North America. There are also two major organizations, the International Dark Sky
Association and the Royal Astronomical Society of Canada, that are contributors to the
increasing knowledge and mitigation of light pollution in North America. It would be good
practice for municipalities to engage these organizations and other municipalities in the
development of their municipal night lighting programs.
Further research could include the development of a lighting zone program for individual
municipalities. The lighting zone program could take transects through a municipality and
categorize lighting levels based on traditional municipal zoning. This information could then be
used to develop new lighting standards that indicate the required lighting level based on each
zone rather than a by road categorization approach that can be found in most municipalities
today. This would begin to address the amount of over lighting currently experienced throughout
the modern world.
The development of a draft municipal night lighting by-law would be an important next step as
this would help to refine the guidelines contained in this thesis. By testing these guidelines in a
municipal setting the challenges and successes of such a by-law would become apparent. This
would help to gauge the public perception and knowledge of light pollution as an issue and add
to the understanding of municipal implementation of new night lighting practices. By
introducing this by-law in a municipality that has not yet addressed municipal night lighting the
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results of such changes and new regulations would likely be more visible over a shorter period of
time as affected businesses and individuals would be more prone to speaking up. The
combination of these next steps would begin to document how wide spread our efforts to
mitigate light pollution could grow.

!
Final Thoughts
Our ability to view the night sky is greatly dependent on the amount of light pollution present
in our surroundings. There have been numerous studies that demonstrate the harmful effects of
light pollution and as a result some municipalities have begun to address this issue. Other
municipalities address light pollution in a round about way by retrofitting their lighting systems to
take advantage of a reduction in energy consumption and to achieve their Greenhouse Gas
reduction quotas. The International Dark Sky Association and the Royal Astronomical Society of
Canada focus their efforts on the education of municipalities and the public of the harmful
effects of light pollution and the beauty of a dark night sky. Based on the research conducted in
this study these organizations might be more productive in their campaigns if they were to
convince municipalities of the energy savings associated with light pollution reduction knowing
that the other effects of light pollution will be reduced as a result. This would appear to be a
much better approach to reducing urban sky glow and its associated light pollution.

!
Summary
This study has only covered a small subsection of municipalities across Canada and further
study of a greater section would result in more innovative strategies and practices that are being
implemented to preserve our ability to observe the night sky. Each municipality investigated has
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developed their own approach to the issue of light pollution or more efficient lighting systems
that result in light pollution reduction as a by-product. The field of Landscape Architecture
should be concerned with this phenomenon and its reduction trends as they are often making
choices and recommendations for lighting that can contribute significantly to light pollution if
not properly designed. Landscape Architects should be at the forefront of light pollution
mitigation design. It is expected that as research continues to be conducted in the area of light
pollution that the gradual reduction of urban sky glow and overall light pollution will result in a
magnificent sky being revealed to future generations.

!
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November 1, 2013

!

!!
!To (identified participant’s name),
!I am writing you to ask if you would be willing to participate in an interview regarding night lighting

policy, planning and implementation in your municipality. The purpose of this one-hour interview is to
supplement my research regarding the present state of municipal night lighting policies, procedures and
actions. This research is being carried out as partial fulfillment for the Master of Landscape Architecture
degree program and your participation will help better understand how municipalities are responding to
the effects of night lighting and surrounding issues such as economics, safety, etc. The following is a list
of questions that is meant to help guide our conversation:

!1) Does your municipality have any by-laws or regulations in place that address municipal night lighting,
particularly light pollution? If so, what is the history of the policy?
!2) What are the current lighting standards in your municipality? What departments set the standards and
are responsible for meeting them?
!3) What challenges and successes have you experienced with your current night lighting standards?
!4) What do you see as the future of night lighting in your municipality? What factors would help to arrive
at this outcome?
!I plan to conduct the interviews in the first two weeks of December, if you could please provide me with a
couple time options that you are available I would be happy to meet with you during those times. I want
to thank you for your consideration and I hope to meet with you soon to discuss night lighting in your
municipality.

!
Sincerely,
!

Kent Semeniuk
161 Palmer St.
Guelph, Ontario N1E 2R5
Ph. 226.203.4210
ksemeniu@uoguelph.ca

!!
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