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Abstract 

 The purpose of this study was to determine the current knowledge and 
outdoor lighting practices that city planners and engineers in local 
governments in Canada are making in light pollution reduction. Interviews 
were conducted with city planners, engineers, dark sky sites, city staff and 
officials, astronomers, and light pollution experts to provide a holistic 
approach on this topic. The findings from this project suggest that local 
governments are looking for increased information about light pollution, 
municipalities have limited tools to reduce light pollution, and that 
additional knowledge is needed when municipalities retrofit lighting such 
as changing from high pressure sodium (HPS) to light emitting diode 
(LED) lights. This project can provide local governments with information 
to assist with light pollution reduction and making informed outdoor lighting 
decisions in their municipality. 

 

Keywords: light pollution; dark sky designations; LED; outdoor lighting; lighting policy; night 
sky; city planning 
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Glossary 

 
Colour Rendering:    Effect of a light source on the colour appearance of objects in 
                                  comparison with their colour appearance under normal daylighting 
                                  (International Dark Sky Association). 
 
Cutoff Fixture:            An Illumination Engineering Society definition: “Intensity at or     
                                   above 90° (horizontal) no more than 2.5% of lamp lumens, and  
                                   no more than 10% of lamp lumens at or above 80°”   
                                   (International Dark Sky Association). 
 
Dimmer:                      Dimmers can reduce the input power requirements and the rated 
                                    lumen output levels of incandescent and fluorescent lights.  
                                    Fluorescent lights need special dimming ballasts. Dimming  
                                    incandescent lights reduce their efficiency. 
                                    (International Dark Sky Association). 
 
Full Cutoff Fixture:       An Illumination Engineering Society definition: “Zero intensity 
                                     at or above horizontal (90° above nadir) and limited to a value 
                                     not exceeding 10% of lamp lumens at or above 80°” 
                                     (International Dark Sky Association). 
 
High Pressure  
Sodium Lamp:             HID lamp where radiation is produced from sodium vapour 
      (HPS)                     at relatively high partial pressures.  
                                     (International Darky Sky Association). 
 
Incandescent 
    Lamp:                       Light is produced by a filament heated to a high 
                                     temperature by electric current. 
                                     (International Dark Sky Association) 



	  
x	  

 
Kelvin:                          The base unit of temperature in the International System 
                                      of Units that is equal to 1/273.16 of the Kelvin scale 
                                      temperature of the triple point of water.  
                                      (Merriam Webster Dictionary). 
 
Light Spill:                    Unwanted spillage of light onto adjacent areas and 
                                     may affect sensitive receptors particularly residential 
                                     properties and ecological sites. 
                                     (International Dark Sky Association). 
 
Low Pressure 
Sodium Lamp:              A discharge lamp where the light is produced by                     
     (LPS)                       radiation from sodium vapour at a relatively low  
                                     partial pressure (International Dark Sky Association). 
 
Lumen:                         Unit of luminous flux; the flux emitted within a unit 
                                     solid angle by a point source with a uniform luminous 
                                     intensity of one candela (International Dark Sky Association). 
 
Luminaire:                    A complete lighting unit that usually includes the fixture, 
                                     ballasts, and lamps (International Dark Sky Association). 
 
Quality of Light:            A subjective ratio of the pluses to the minuses of any 
                                     lighting installation (International Dark Sky Association). 
 
Shielding:                     An opaque material that blocks the transmission of light 
                                     (International Dark Sky Association)
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Chapter 1. Introduction 

Artificial lighting has been part of our everyday life since the 1870s: since Thomas 

Edison perfected the light bulb, we have had the ability to carry out activities far into the night. 

Outdoor artificial lighting allows visits to late night cafes, provides the ability to safely go for a 

walk outside, and play sports at a brightly lit field. However, what happens when outdoor 

lighting causes the darkness of the night sky to vanish?  

The night sky has inspired religions, philosophy, music, art, and literature and our 

connection to the night sky is reduced due to the light pollution that is caused by artificial 

outdoor lighting (International Dark Sky Association, n.d.). One form of defence against light 

pollution is through the designation of dark-sky sites, which incorporate a variety of formats, 

including Urban Star Parks, Dark Sky Cities, Dark Sky Preserves, Nocturnal Preserves, and 

Starlight Reserves (RASC, 2015). The objective of these sites is to preserve the integrity of the 

night sky by reducing light pollution (RASC, 2015). There are presently two dark sky groups in 

North America that recognize and provide designations for dark sky sites: The International Dark 

Sky Association (IDA) which is situated in the United States and The Royal Astronomical 

Society of Canada (RASC). Re-examining the way cities light the night and educating the public 

and political decision makers on light pollution can significantly reduce the negative impacts of 

over-lighting during nocturnal hours.  
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Figure	  1.1	  View	  of	  Light	  Pollution	  From	  Nanaimo,	  British	  Columbia. 

                                                 (Image: Arrowsmith Media) 

	  
	  
	  
	  

Statement of Purpose 
 

Light pollution has devastating effects on ecosystems, wildlife, the environment, human 

health, and the quality of the night sky. For billions of years, all life on Earth has relied on day 

and night cycles; and the circadian rhythm of humans, wildlife, and plants are disrupted by light 

pollution (International Dark Sky Association, n.d.).  
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Annually, in New York City, over 10,000 migratory birds are injured or killed from 

building collisions attributed to cognitive dissonance in interpreting over-lit conditions 

(Chepesiuk, 2009). Migration and hunting patterns are interrupted because birds use the light of 

the moon and the stars to navigate (International Dark Sky Association, n.d.). The negative 

consequences of outdoor lighting are not limited to wildlife: human health is impacted by 

artificial lighting and is negatively linked to depression, sleep disorders, breast cancer, diabetes, 

and increased obesity risks (International Dark Sky Association, n.d.). Naturalists, 

environmentalists, and medical researchers believe that light pollution is one of the fastest 

growing and ubiquitous types of environmental pollution in the world (Chepesiuk, 2009). 

Research states that 60% of the world lives under light polluted skies, with 99% of that 

population in Europe and United States and approximately 1/5th of the world’s landscape is 

impacted by light pollution (Falchi et al., 2011). The glow caused by uncontrolled exterior 

lighting is masking the stars and altering perceptions of the night sky, for instance, in the United 

States alone, approximately 2/3’s of people who reside in cities have limited ability to observe 

the Milky Way (Flagstaff Dark Skies Coalition, 2015).   

Current literature and scholarly research surrounding the consequences of light pollution, 

indicate that it is critical to promote dark sky policies and encourage municipalities to examine 

both the intended and unintended consequences of outdoor artificial lighting. Only very few 

municipalities in North America have explored solutions in light pollution reduction and in many 

cases, the action taken has been the provision of simplistic information that is basic, lacks detail, 

and is not considered to be user-friendly. 

Therefore, the purpose of this project was to study the topic of light pollution in 

significant detail, evaluate the amount of awareness and knowledge of a sample of planners, 
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engineers, civic officials, dark sky groups and sites, and light pollution experts on dark sky 

policies and current lighting practices, and to develop a guidebook that provides a toolkit for 

municipalities to reduce light pollution and to create new standards for artificial exterior lighting 

in communities. 

 

 
Theoretical Framework 
	    

Dark sky lighting policy was selected as the theoretical framework. Until recently, dark 

sky lighting was seldom acknowledged by local governments. However, lighting guidelines are 

becoming increasingly of interest to planners and engineers who are seeking innovative methods 

to address local lighting issues. Lighting guidelines, policies, or regulations can be included in 

official community plans, design guidelines, bylaws, and development permits. They can also be 

mentioned through engineering standards, development agreements, building schemes, or other 

form and character guidelines. 

 The International Dark Sky Association (IDA) has assisted municipalities evaluate, 

formulate, implement, and change lighting through dark sky policies (International Dark Sky 

Association, 2015).  Adopting these policies supports the protection of human health, the 

environment, energy reduction, and decreases public crime and improves safety (International 

Dark Sky Association, 2015). Situating this research in dark sky policy ensures a holistic 

approach that examines human health, wildlife, the environment, and cultural significance and 

selecting dark sky policy as a theoretical framework will allow the research to occur on a wide 

scope since lighting is an issue that impacts cities worldwide.  
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Research Questions 
	  
 

 The main research question is: what is the current state and application of dark sky 

policies in Canadian municipalities, and what efforts are presently happening to address light 

pollution in communities? In addition to the literature review, the research was conducted with 

city planners, engineers, city officials, research experts, dark sky designated cities, and 

astronomers. The result is a comprehensive overview of current applications, along with 

suggestions for future research. 

This research project is organized into the following chapters: Chapter 2 consists of a 

literature review that examines the history of artificial lighting, followed by an overview of the 

types and effects of light pollution, solutions, policies, and misconceptions about light pollution, 

then the chapter concludes with a description of the different types of dark sky sites. Chapter 3 

discusses the methodology, including recruitment, data collection strategies, and how the project 

was conducted to respond to the research question. Chapter 4 presents the results from the 

interviews and finally, Chapter 5 discusses the key findings, the project contributions to the 

current body of planning knowledge and current literature, results that can inform policy and 

practice, and recommendations for future research on this topic. 

 This research will benefit planners, engineers, developers, city staff and officials, 

community members, astronomers, and anyone who has an interest in how outdoor lighting 

effects the night sky. 
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Chapter 2: Literature Review 
 

 This chapter is a review of current literature related to the purpose and focus of this 

research project. The review begins with a discussion of the history of artificial lighting, 

followed by an overview of the types and effects, solutions, policies, and misconceptions about 

light pollution and the chapter then concludes with a description of the different types of dark 

sky sites.  
 

 
A Brief History of Artificial Lighting 

 

Since the discovery of fire, artificial lighting has been seen as necessary and desirable 

largely due to reasons of safety and convenience (Mizon, 2012). Interior and exterior lighting 

provides the opportunity to experience daily activities for a longer duration and to gather for 

work and leisure long into the night (Mizon, 2012). There was little technological evolution 

beyond the development of torches, oils, and candles and it was not until the 19th century that 

progress occurred with the evolution of oil lamps, followed by gas lamps, and finally electric 

lighting (Mizon, 2012).  

Lighting the streets at night is not of recent origin: there have been numerous attempts to 

create street lighting in the past, for instance, in Paris in 1367, lanterns were used nightly in the 

streets from October 31st until February 2nd (Mizon, 2012). The first major attempt for using 

gas lighting was in 1779 by William Murdoch and Carl Auer Von Welsbach created the 

incandescent gas lamp in 1885, but the lamp lacked brightness (Mizon, 2012). Sir Humphrey 

Davey in the early 19th century invented arc lights, but they proved to be unreliable, high 

maintenance, of limited lifespan, and produced a harsh, unpleasant light (Mizon, 2012). It was 
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not until chemist and physicist Joseph Swan and inventor Thomas Edison found the solution for 

effective lighting (Mizon, 2012). In 1878, Swan, based in the United Kingdom, and Edison, 

based in the United States, independently created incandescent lighting that ran on electricity 

(Mizon, 2012). At first, both inventors were rivals but later decided to collaborate their ideas and 

together they created The United Electric Light Company in 1881 (Mizon, 2012). 

Since the 19th century, public outdoor lighting has become popular in more developed 

parts of the world (Mizon, 2012). Swan and Edison’s light bulb was soon replaced with compact 

fluorescent lighting (CFL) and LEDs (light-emitting diode lamps) for exterior lighting of streets 

and buildings (Mizon, 2012). Before the end of 1980’s, people did not take offense to over-lit 

unattractive areas due to the perception that the glare of the lights was normal (Mizon, 2012). 

Eventually, the stars became less visible in urban environments as street lighting became the 

norm, and an expected amenity in cities and towns (Mizon, 2012). 

 

Light Pollution 
 

Outdoor artificial lighting has drastically changed nightscapes around the world in 

regards to lighting spectrum and intensity (Hölker et al., 2010).  Astronomers were the first 

people to notice that artificial lighting concealed celestial objects but studies have indicated that 

exterior lighting impacts a wide range of other areas as well including human health, ecology, 

and social well-being (Hölker et al., 2010).  The International Dark Sky Association (IDA) (n.d.) 

defines light pollution as “the inappropriate or excessive use of artificial light that can have 

serious environmental consequences for humans, wildlife, and our climate.” Light Pollution is 

categorized into different forms which include: sky glow, glare, light intrusion, and light clutter 

(Bogard, 2013). 
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Sky Glow 
 

Sky glow can be seen nightly over any city and is the pink-orange glow that enrobes an 

entire city or town (Bogard, 2013).  Sky glow is defined as “light that is being carelessly, or 

sometimes deliberately, projected from the ground or a structure, colouring the night sky and 

reducing the visibility of astronomical objects.” (Mizon, 2012).  Upward light that is scattered 

and then reflected back to Earth creates sky glow which can cause a vast amount or all of the 

night sky to vanish (Mizon, 2012). 

Prior to the 1950’s, it was common for streetlights to be turned off around midnight 

(Mizon, 2012). Cities previously used a smaller amount of outdoor lighting which allowed 

people to enjoy the night sky even when streetlights were turned on (Mizon, 2012). Since then, 

in Canada and the United States, more than 20 million road lights exist and cities are 

tremendously illuminated (Mizon, 2012). In 1991, a survey was conducted in the United 

Kingdom where over 200 astronomy groups were questioned on the visibility of the night sky 

(Mizon, 2012).  The surveys were administered on a wide scale, ranging from people who lived 

in cities to people who lived in rural towns (Mizon, 2012). Out of the 805 survey respondents, 

90.3% observed visible sky glow from their location (Mizon, 2012). The overall conclusion was 

that 90% or more of people’s view of the night sky was obstructed from light pollution (Mizon, 

2012).  Surveys from 2007 and 2009 asked people in the United Kingdom to go outside and 

count how many stars were visible in the Orion constellation on a moonless night (Mizon, 2012). 
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The results showed that 8% of people could view more than 20 stars and 59% of people could 

see less than 10 stars (Mizon, 2012).  

 

	  	  	  	  	  	  	  	  

Figure	  2.1	  Example	  of	  Sky	  Glow	  from	  Vancouver	  Island,	  British	  Columbia. 

	  	  	  	  	  	  	  Sky	  glow	  causes	  the	  night	  sky	  to	  vanish	  making	  stars	  less	  visible.	  

   (Image: Arrowsmith Media) 
 

 
Light Intrusion and Light Clutter  
 

Light intrusion (formerly known as light trespass) is light that spills onto an adjacent 

property (Mizon, 2012).  Light clutter is lights that shine in multiple directions with no clear 

lighting direction and is found in any modern city (Bogard, 2013). Fortunately, light pollution is 

a problem that can be significantly reduced and remedied easily (Bogard, 2013).   
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Figure	  3.1	  Light	  Clutter	  on	  a	  Street	  in	  Nanaimo,	  British	  Columbia.	  

	  	  	  	  	  	  	  The	  streetlights	  in	  this	  picture	  show	  light	  shining	  in	  	  

multiple	  directions	  with	  no	  clear	  direction.	  	  	  

                                              (Image: Arrowsmith Media) 

Glare 
	  

Glare is classified as “the bright light that shines in your eyes that you raise your hand to 

block” (Bogard, 2013). The cause of glare is when light shines out in any direction from street 

lights that creates any sense of distraction, discomfort, or the lack of ability to see what the light 

is meant to illuminate (Mizon, 2012). The Illuminating Engineering Society of North America 

(IESNA) categorizes glare under the definitions of blinding glare, disability glare, and 

discomfort glare (Mizon, 2012). Blinding glare is intense and even after the light that is creating 
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the glare is removed, an object cannot be easily seen or seen at all for a short while after (Mizon, 

2012). Disability glare causes reduced vision and lastly, discomfort glare creates annoyance but 

does not always impact a person’s vision (Mizon, 2012).  

 

 

 

	  	  	  	  	  	  	  	  	  	  	  	  Figure	  4.1	  Glare	  from	  a	  Commercial	  Car	  Dealership.	  

The	  cause	  of	  glare	  is	  when	  light	  shines	  out	  in	  any	  direction	  that	  causes	  any	  sense	  of	  distraction,	  	  

discomfort,	  or	  the	  lack	  of	  ability	  to	  see	  what	  the	  light	  is	  meant	  to	  illuminate	  (Mizon,	  2012).	  

	  
                                                            (Image: Arrowsmith Media) 
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Quantifying Light Pollution 
	  
 

Light pollution has become a significant problem in urban areas and causes detrimental 

effects (Falchi & Cinzani, 2013). It is no longer an issue that solely concerns astronomers as it 

impacts many people and light pollution requires attention spent on how to quantify it (Falchi & 

Cinzani, 2013).  

In 1986, R.H.Garstang created a foundational platform for measuring light pollution by 

“developing a tractable expression for use as a starting point in quantifying the upward 

propagation of light from municipal sources” known as the Garstang Model and Garstang’s 

research has been the catalyst for various light pollution studies (Kerola, 2005).  In 1998, Falchi 

and Cinzano used the Defense Meteorological Satellite Program (DMSP) to create maps of total 

sky brightness and artificial lighting in large scale areas known as the World Atlas of Artificial 

Night Sky Brightness which is shown in Figure 5.1 (Cinzano & Falchi, 2013).  

The atlas was created in 2001 and “measures the upward light flux that is emitted by the 

Earth’s surface” (The World Atlas of Artificial Night Sky Brightness, 2000). Following this, 

Falchi & Cinzano (2013) used Garstang’s model to map artificial brightness in the night sky 

telescopic limiting magnitude which is the magnitude of the dimmest star that can be viewed 

with a telescope and the naked eye in any direction in the sky, and to measure the distribution of 

the limiting magnitude and brightness of the night sky at any given site. Cinzano & Falchi’s 

(2013) research showcases a variety of indicators and products such as: upward flux, artificial 

night sky brightness at sea level, stellar visibility, total night sky brightness, and statistical 

indicators like population.  
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	  	  	  	  	  	  	  Figure	  5.1	  World	  Map	  of	  Artificial	  Sky	  Brightness. 

In	  1998,	  Falchi	  and	  Cinzano	  (2013)	  used	  the	  Defense	  Meteorological	  Satellite	  Program	  (DMSP)	  
to	  create	  maps	  of	  total	  sky	  brightness	  and	  artificial	  lighting	  in	  large	  scale	  areas	  known	  as	  the	  

World	  Atlas	  of	  Artificial	  Night	  Sky	  Brightness.	  

                                    (Image: Night Sky in the World, 2000) 

 

The Bortle Scale is another method used to quantify light pollution. The scale is 

explained in these terms: 

“Unfortunately, most of today’s stargazers have never observed under a truly dark sky so 
they lack a frame of reference for gauging local conditions. Many describe observations 
made at very dark sites, but from the descriptions it is clear that the sky must have been 
only moderately dark. Most amateurs today cannot get to a truly dark location within 
reasonable driving distance.” 
 
                                                                                                                (Bogard, 2013). 
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Bortle explains that thirty years ago, finding a dark site was possible within an hour of 

leaving a major city (Sky & Telescope, 2001). Today, finding a dark site would require driving 

approximately 150 miles away from an urban environment (Sky & Telescope, 2001).  

Typically, novice astronomers examine the quality of the night sky by looking at the 

faintest star that is visible to them with their naked eye (Sky & Telescope, 2001). This is a poor 

technique because it greatly depends on a person’s eyesight and the time and effort that is 

required to locate the faintest stars possible (Sky & Telescope, 2001).  These are the reasons why 

Bortle has created a nine-level scale that is built upon fifty years of observing the night sky to 

measure the darkness of a site. The scale will assist observers in determining the true darkness of 

a particular location and Bortle states that if the scale was to become widespread, it can provide a 

consistent standard for comparing light pollution observations (Sky & Telescope, 2001).   

 
 

Classification Site Description 
 

 

Class 1: Excellent Dark-Sky Site The best dark-sky site there is. If a person was observing 
on a field, their vehicle and telescope would be nearly 
invisible (Sky & Telescope, 2001) 

Class 2: Typical Truly Dark Site The Milky Way is highly detailed to the naked eye and a 
person’s surroundings are vaguely seen (Sky & 
Telescope, 2001). 

Class 3: Rural Sky This site begins to show more evidence of light pollution 
on the horizon, the Milky Way is still complex, and a 
telescope can be seen from approximately 20 or 30 feet 
(Sky & Telescope, 2001).   

Class 4: Rural/Suburban Transition The Milky Way is still noticeable from a Class 4 Site but 
there is an obvious amount of light pollution (Sky & 
Telescope, 2001).  

Class 5: Suburban Sky It is difficult to view the Milky Way as it appears 
invisible or weak towards the horizon or it is washed 
out. Sources of light are noticeable in almost all 
directions (Sky & Telescope, 2001). 
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Class 6: Bright Suburban Sky The Milky Way is only noticeable towards the zenith 
(the highest point on the celestial sphere). There would 
be no difficulty viewing telescopes or equipment at a site 
(Sky & Telescope, 2001).  

Class 7: Suburban/ Urban Transition The night sky is completely encompassed with a hazy 
white hue and light sources are noticeable in all 
directions. The Milky Way is completely invisible or 
almost invisible (Sky & Telescope, 2001). 

Class 8: City Sky The sky is orange in appearance and a person can easily 
read newspaper at night (Sky & Telescope, 2001). 

Class 9: Inner City Sky The entire sky is lit up and recognizable constellations 

are invisible. Only the planets, moon, and some bright 

star clusters are noticeable to observers (Sky & 

Telescope, 2001). 
	  

	  

Table	  1.1	  Bortle	  Dark	  Sky	  Scale.	  	  

	  	  	  	  	  	  	  	  	  	  The	  Bortle	  Scale	  is	  a	  nine-‐level	  scale	  that	  is	  built	  upon	  fifty	  years	  of	  observing	  the	  night	  sky	  
to	  measure	  the	  darkness	  of	  a	  site.	  

	  (Sky	  &	  Telescope,	  2001).	  

 
 

Light Pollution & Wildlife 
 

Light pollution has become commonly accepted terminology for the detrimental effects 

of uncontrolled outdoor lighting that is emitted into the environment (Hölker et al., 2010).  

According to the United Nations, over 50% of people reside in cities which indicates that urban 

landscapes are now one of the fastest growing forms of land utilization, and urban areas replace 

the natural environment with infrastructure which includes artificial exterior lighting (Dominoni, 

2015). In developed countries, it can be extremely difficult to find places that are void of light 

pollution (Dominoni, 2015). Other detrimental factors of light pollution such as loss of the night 

sky have been a topic of interest, but recently in the last 10 years, the ecological effects of light 

pollution have been examined more intensely (Dominoni, 2015). Almost all organisms have a 
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day and night rhythm and statistics show that approximately 30% of vertebrates and over 60% of 

invertebrates in the world are nocturnal (Hölker et al., 2010).   Bright outdoor lighting is 

spreading into rural areas and into marine systems which is causing the differences between day 

and night to become confusing for wildlife (Hölker et al., 2010).  Hölker et al. (2010) state that it 

is clear that artificial lighting has the ability to change physiology such as behaviour, hormonal 

balance, food web interactions, and orientation. Light pollution is often overlooked as the reason 

for the loss and decline of light sensitive and nocturnal species and the issues surrounding light 

pollution are growing rapidly as light pollution is increasing at approximately 6% per year 

(Hölker et al., 2010).  Sea turtles have been significantly impacted by light pollution because 

when the turtles lay their eggs at night, they prefer a dark environment to reduce exposure to 

predators during this highly vulnerable activity (Chepesiuk, 2009). Many beaches are brightly 

illuminated when nesting occurs and the sea turtles become disoriented by the lights and will 

often move towards roadways which can cause them to be struck by a vehicle (Chepesiuk, 2009). 

Hundreds of thousands of sea turtles are killed in Florida alone (Klinkenborg, 2008).  

A recent study from Brei, M., Pérez-Barahona, A., & Strobl, E. (2016) examined the 

effects of coastal light pollution on Caribbean sea turtles.  The study was conducted by creating a 

spatial count data model of sea turtle nesting and nighttime lighting images that came from 

satellite data (Brei, M., Pérez-Barahona, A., & Strobl, E., 2016). The results revealed that 

artificial lighting greatly reduces the amount of sea turtle nests (Brei, M., Pérez-Barahona, A., & 

Strobl, E., 2016).  Furthermore, the results from this study indicate that increased lighting in the 

last 20 years has created the loss of approximately 1800 Caribbean sea turtles (Brei, M., Pérez-

Barahona, A., & Strobl, E., 2016). It is commonly accepted that coastal lights disrupt sea turtle 

nesting due to the importance of sea turtles’ nocturnal activities and it has been proven that 
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artificial lights significantly change the way sea turtles determine their nesting site as dark sites 

are typically chosen for their nest (Brei, M., Pérez-Barahona, A., & Strobl, E., 2016). The study 

by Brei, M., Pérez-Barahona, A., & Strobl, E. (2016) concludes that statistical estimates of short-

term impacts may contribute helpful information for examining long-term impacts of coastal 

lighting and sea turtle nesting. The reliability of these insights would depend on the quality and 

quantity of the current available data and the length of time and size of the geographical area 

(Brei, M., Pérez-Barahona, A., & Strobl, E., 2016).          

	  	  	  

Figure	  6.1	  Urban	  Lights	  Shining	  Near	  the	  Coast.	  

Brightly	  lit	  beaches	  cause	  sea	  turtles	  to	  become	  disoriented	  can	  cause	  them	  to	  move	  towards	  

roadways	  which	  can	  result	  in	  the	  sea	  turtles	  being	  struck	  by	  a	  vehicle	  (Chepesiuk,	  2009).	  

(Image: Arrowsmith Media) 
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Light Pollution & the Environment 
	  
 

Artificial lighting attributes harm to the environment due to its high energy waste. In the 

United States, at least 30% of outdoor lighting is wasted energy as many street lights are not 

shielded properly (International Dark Sky Association, 2015). The cost of these outdoor lights 

would amount to 3.3 billion dollars and create 21 million tons of carbon dioxide annually 

(International Dark Sky Association, 2015).  The United States spends 2.2 billion dollars each 

year on wasted energy that serves no real purpose and approximately 2/3’s of electricity used in 

America is derived from non-renewable fossil fuel sources (Narisada & Schreuder, 2004). 19% 

of all global electricity is from artificial lighting (Hölker et al. 2010).  

 

Light Pollution & Human Health 
	  

 

Harmful effects on human health can occur due to exterior artificial lighting as it is linked 

to depression, sleep disorders, breast cancer, diabetes, and increased obesity risks (International 

Dark Sky Association, n.d.). Similar to wildlife, artificial lighting disrupts humans’ circadian 

rhythm, which is the 24-hour night and day cycle that significantly impacts physiological 

functions (Chepesiuk, 2009). The circadian clock is said to control 10-15% of people’s genes, 

and therefore, interruption can result in serious health issues (Chepesiuk, 2009). Outdoor lighting 

interrupts melatonin production which is an integral part of humans’ circadian rhythm cycle 

(International Dark Sky Association, n.d.). Melatonin is released at vital times during the night 

and is an essential hormone because it has antioxidant properties, boosts immunity, improves 

thyroid function, fosters sleep, regulates cells, and lowers cholesterol (International Dark Sky 
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Association, n.d.). Exposure to artificial lighting at night causes melatonin levels to drop 

significantly (Chepesiuk, 2009).  

Studies have indicated that there is a relationship between night time lighting and cancer 

(Bogard, 2013). The first published correlation between cancer and artificial lighting was from 

Richard Stevens in 1987 (Bogard, 2013). Stevens created a theory that suggested “the increasing 

use of electricity to light the night leads to circadian disruption which accounts for part of the 

rising breast cancer risk in the world” (Bogard, 2013).  This theory received criticism until 2001, 

when Stevens published two studies in the Journal of National Cancer Institute which linked 

higher breast cancer risks to women who worked at night (Bogard, 2013). In 2005, David Blask 

conducted research on laboratory rats to determine if tumor growth slowed down or accelerated 

from artificial lighting (Bogard, 2013). Blask took blood from rats at night and during the day 

and the blood from the rats at night showed a decreasing rate of tumor growth and the blood 

taken during the day showed no signs of slowing down tumor growth (Bogard, 2013).  

It is noted that people who work at night have their circadian rhythm disrupted the most 

but lighting at night has the capacity to affect anyone living in an urban area (Bogard, 2013).  

Bogard (2013) raises these questions for further study “how much or how little light does it take 

to confuse our circadian rhythms and disrupt our production of melatonin?”, “Does merely 

sleeping with artificial light coming through the window or seeping under a closed door spell 

trouble?”.  Studies have indicated that there is a connection between artificial lighting at night 

and cancer, however, additional questions and research needs to be addressed to confirm these 

results.  
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	  Figure	  7.1	  Residential	  Cool	  Temperature	  LED	  Lighting	  in	  Nanaimo,	  British	  Columbia.	  

Cool	  temperature	  LEDs	  are	  linked	  negatively	  to	  various	  

	  health	  issues	  such	  as	  depression	  and	  sleep	  disorders.	  

                                            (Image: Arrowsmith Media) 

In 2016, physicians from the American Medical Association (AMA) conference decided 

to adopt a guidance plan for cities that are using LED lighting to assist in reducing the negative 

effects of LED lights on human health and the environment (American Medical Association, 

2016).  The AMA guidelines promote effective design and engineering when retrofitting LED 

lights to minimize environmental and health issues (American Medical Association, 2016). For 

instance, high-intensity LED lights produce a significant amount of blue lighting that looks white 
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to the human eye and generates increased glare compared to non-LED lighting (American 

Medical Association, 2016). This type of LED light creates discomfort and can cause a reduction 

in visual orientation and safety which can cause road hazards (American Medical Association, 

2016).  As mentioned previously, LEDs suppress melatonin at night and it is estimated that white 

LEDs have five times the impact on circadian rhythms than conventional street lights (American 

Medical Association, 2016).  Wide scale surveys that have been conducted, indicated that bright 

residential lighting is associated with reduced sleep hours, poor sleep quality, overtiredness, 

obesity, and low daytime functioning (American Medical Association, 2016).  

The AMA understands and recognizes the consequences of LED lighting and encourages 

cities to reduce and control their blue white LED lighting by using the lowest emission of blue 

light available for reduction of glare (American Medical Association, 2016). Additionally, the 

AMA suggests that all LED lighting is shielded and consideration should be noted in the 

utilization of dimming LEDs during off-peak hours (American Medical Association, 2016).  

Lastly, the AMA states that “the guidance adopted today by grassroots physicians who comprise 

the AMA’s policy-making body, strengthens the AMA’s policy stand against light pollution and 

public awareness of the adverse health and environmental effects of pervasive nighttime 

lighting” (American Medical Association, 2016).   

Light Pollution & Culture 
	  

Only in the 20th century has the ability to view the stars become lost (Mizon, 2012).	  On 

each clear night, the starry night belonged to everyone, but it has been quietly and slowly taken 

away due to exterior artificial lighting (Mizon, 2012). The night sky provided people with the 

experience of pondering what the universe meant and stars influenced many of the world 

wonders such as the Pyramids of Giza and Stonehenge (Penprase, 2011).  There are explanations 
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of how the world came to be through creation stories that drew inspiration from the 

constellations (Penprase, 2011). At least 95% of First Nations star knowledge has vanished, 

stories that would take hours to explain only take a few minutes to tell now (McMahon, 2014).	  	  

In 1994, a high magnitude earthquake in Los Angeles caused a power outage which prompted 

local residents to contact emergency centers for assistance because of an unusual sight that was 

happening in the sky (Chepesiuk, 2009). What was occurring was that the citizens of Los 

Angeles were seeing the Milky Way for the first time as the sky glow from the city’s lights had 

caused it to disappear (Chepesiuk, 2009).  

The night sky is a source of cultural significance and a wide array of cultures have 

different perceptions about the universe (Bogard, 2013). For instance, western culture views 

nighttime differently than North American native culture (Bogard, 2013). People in the west 

avoid the dark and Native American cultures find spirituality and historical significance from the 

night sky (Bogard, 2013). An example of a culture linked to the night sky and constellations is 

the Anasazi who relied on astronomical observations to create buildings and roads. The Anasazi 

is the name that was given to the ancestors of the Hopi & Zuni tribes who occupy the region of 

Rio Grande in Arizona and Northern Mexico (Magli, 2009). Anasazi culture thrived in 1000 

A.D. in the area that connects Utah, Colorado, New Mexico, & Arizona (Magli, 2009). Although 

the Anasazi occupied a vast amount of land, there is one area that contains the largest buildings 

and was considered the heart of the Anasazi culture which is known as Chaco Canyon (Morrow 

& Price, 1997). During the period of A.D. 900 and 1150, the Anasazi who inhabited Chaco 

Canyon built fourteen buildings known as pueblos (Cornell, 1981). The building arrangements 

and designs of the pueblos highlight precise planning which indicates that the buildings were 

uniformly designed thus creating a layout that can be astronomically anchored (Magli, 2009). It 
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is noted that twelve out of fourteen Chacoan buildings are positioned to the midpoints and 

extremes of the lunar and solar cycles (Morrow & Price, 1997). Each major building has an 

internal pattern that is in unison with the sun and the moon (Sofaer, 1994).  

	  	  	  	  	  	  	  	  	  	   

	  	  	  	  	  	  	  Figure	  8.1	  View	  of	  the	  Constellation	  Ursa	  Major	  from	  Cameron	  Lake,	  British	  Columbia.	  

	  	  	  	  	  	  The	  Anasazi	  is	  a	  culture	  linked	  to	  the	  night	  sky	  and	  constellations	  and	  relied	  on	  astronomical	  	  

observations	  to	  create	  buildings	  and	  roads	  (Magli,	  2009).	  

                                                (Image: Arrowsmith Media)  

The most recognized and largest pueblo in the canyon is Pueblo Bonito which took 250 

years to complete (Cornell, 1981). Pueblo Bonito was originally four stories tall, had as many as 

eight hundred rooms, and almost spanned across three acres (Neitzel, 2003). It took at least 

twelve generations to build this structure under challenging conditions (Sofaer, 2003). Aside 

from its impressive infrastructure, Pueblo Bonito has been credited for its astronomical 

significance as it was designed in a semi-circular shape which likely occurred so the pueblo 
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could make maximum use of solar energy (Cornell, 1981). The pueblo’s success of utilizing 

solar energy depended on four different factors. First, Pueblo Bonito is orientated so its curved 

wall is opened south (Williamson, 1984), second, the stairs in Pueblo Bonito are located in an 

area so the sun can reflect its rays on the main plaza and keeps the plaza warm after sunset 

(Williamson, 1984), third, Pueblo Bonito is placed on a northern high wall of the canyon which 

provides the shadowed exterior of the north wall of the village with heat that is reflected 

(Williamson, 1984), and fourth, due to the large scale of the structure, it enables changes in 

interior temperature to change gradually even if external temperatures are experiencing great 

variation (Williamson, 1984). It is no wonder when it is said that Pueblo Bonito was created as 

symbol to the sun (Sofaer, 2003). The pueblo’s walls are aligned so that when the spring equinox 

and summer solstice occur, the sun sets north of the wall and the sun sets south of the wall during 

the fall equinox and the winter solstice (Sofaer, 2003). Pueblo Bonito is astronomically linked to 

other surrounding pueblos. Archaeologists were able to follow a line of one pueblo and found 

that it led to another which created solar lined buildings across the canyon (Sofaer, 2003). 

Alongside Pueblo Bonito lies another area of astronomical significance- Fajada Butte. Fajada 

Butte is located at the south entrance of Chaco Canyon and rises 135 meters above the floor of 

the valley and sits on an elevation of 2018 meters (Sofaer, 1979). Ultimately, without the night 

sky humans would not have walked the moon, navigated Earth, learned about the universe, and 

found scientific discoveries (International Dark Sky Association). 

 

Lighting Solutions 
	  

In the United States alone, there are approximately 16.2 million types of commercial and 

public lighting which includes parking lot lights, commercial building lights, and streetlights 
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(International Dark Sky Association, n.d.). One of the primary causes of light pollution is 

lighting directionality. Light is projected into the night sky because it shines upward or to the 

side without lighting up the area that it is intended to (Flagstaff Dark Skies Coalition, 2015). To 

prevent light from shining upward, fully shielded lighting has the ability to reduce sky glow by 

50-90% in comparison to a half shielded or unshielded light (Flagstaff Dark Skies Coalition, 

2015). A normal unshielded lighting fixture wastes 50% of its light because of upward shining 

light and proper shielding has the ability to direct light in its proper location (Chepesiuk, 2009). 

The type of light used is essential to reducing light pollution and selecting the right type of 

lighting can decrease energy use by 60-70%, reduce carbon emissions, and save billions of 

dollars (International Dark Sky Association, 2015).  

Two commonly used streetlights are High Pressure Sodium (HPS) and Light Emitting 

Diode (LED). One of the key differences between HPS and LED lights are that HPS lights have 

a warmer colour temperature (International Dark Sky Association, n.d.). Light Emitting Diode 

(LED) lights are quickly becoming the replacement for HPS lights in municipalities. LEDs are 

effective because they can be adjusted or turned off completely and have small light bulbs that 

are placed in an electrical circuit (International Dark Sky Association, n.d.). In comparison to 

traditional incandescent bulbs, LEDs do not become warm in temperature or have a filament that 

burns out (International Dark Sky Association, n.d.).  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  9.1	  Kelvin	  Lighting	  Temperature	  Chart. 

	  	  	  Outdoor	  artificial	  lighting	  comes	  in	  different	  kelvins	  (temperature).	  The	  recommended	  range	  

for	  outdoor	  LED	  lighting	  to	  protect	  dark	  skies	  is	  between	  2000-‐3000	  kelvin	  which	  is	  a	  warm	  

amber	  coloured	  light.	  However,	  many	  municipalities	  are	  installing	  4000	  kelvin	  LED	  lights	  which	  

can	  cause	  negative	  consequences	  for	  human	  health,	  wildlife,	  and	  the	  night	  sky.	  

           (Image: International Dark Sky Association) 

 

Falchi et al. (2011) overview various methods to limit the effects of light pollution. Along 

with fully shielded lights, it is recommended to prevent over illumination which is to avoid using 

more lighting than is required for a specific activity or task (Falchi et al., 2011). In addition, 

turning off lights when they are not in use can be beneficial, however, it is noted that turning off 

outdoor lighting in most cases is uncommon and can therefore be a challenge (Falchi et al., 

2011). Lastly, having lighting installed by a professional can help direct light properly (Falchi et 

al., 2011). Stray light is becoming a concern as well and is caused by improper lighting design 
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and is associated with various negative effects such as the loss of ability for celestial viewing and 

energy waste (Pollard, 1994). Different factors were examined regarding stray light such as 

zoning, installation, and big scale lighting designs. For zoning, it is important to understand that 

the type of lighting that is required in a city is much different than what is required in a rural area 

(Pollard, 1994).  

	  

 
City Policies and Light Pollution 
	    

Light pollution is beginning to become prevalent in city policies. An example of an 

effective dark sky lighting policy is the city of Flagstaff, Arizona. Flagstaff became the world’s 

first International Dark Sky City in 2001 and the title of a Dark Sky City is given to communities 

that have demonstrated significant commitment to dark sky preservation through good quality 

outdoor lighting (Flagstaff Dark Skies Coalition, 2015). In 1958, Flagstaff was the first city to 

create the world’s first lighting regulation to protect the night sky for astronomical purposes 

(Flagstaff Dark Skies Coalition, 2015). The Lowell Observatory is of significant importance in 

Flagstaff because Percival Lowell discovered Pluto there in 1930 (Flagstaff Dark Skies 

Coalition, 2015).  

 In 1986, the director of the Lowell Observatory and the city planners in Flagstaff, 

collaborated with the Arizona Public Service (an electricity provider in Flagstaff) to install low 

pressure sodium lights (LPS) in downtown Flagstaff (Flagstaff Dark Skies Coalition, 2015). By 

1987, 9 out 10 residents were agreeable to change to this form of lighting (Flagstaff Dark Skies 

Coalition, 2015). Since then, the City of Flagstaff introduced innovative lighting codes for the 

city and the surrounding Coconino County and has become a world leader in placing light 

restrictions on outdoor lighting (Flagstaff Dark Skies Coalition, 2015).  
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Figure	  10.1	  Section	  of	  the	  City	  of	  Flagstaff	  Outdoor	  Lighting	  Standards	  Policy. 

	  	  	  Flagstaff	  became	  the	  world’s	  first	  International	  Dark	  Sky	  City	  in	  2001	  which	  is	  a	  title	  given	  to	  

communities	  that	  have	  demonstrated	  significant	  commitment	  to	  dark	  sky	  preservation	  through	  

quality	  outdoor	  lighting.	  In	  1958,	  Flagstaff	  was	  the	  first	  city	  to	  create	  the	  world’s	  first	  lighting	  

regulation	  to	  protect	  the	  night	  sky	  for	  astronomical	  purposes	  (FDSC,	  2015).	  

(Image: City of Flagstaff) 

 The City of Vancouver in British Columbia, Canada has explored creating policies on 

light pollution reduction. Vancouver Councilor, Elizabeth Ball, implemented an outdoor lighting 

bylaw which would lessen the number of lights in the city (Canadian Broadcasting Company, 

2015). Councilor Ball’s main objective is to limit the amount of light in the night sky while 

providing sufficient lighting on the ground for safety (Canadian Broadcasting Company, 2015).  

Councilor Ball stressed that it is not about removing light, it is about learning how to shield light 

properly because approximately 60% of unshielded light is wasted (Canadian Broadcasting 

Company, 2015). The motion that was brought forth to council focused on retrofitting outdated 

types of lighting with efficient lighting (Canadian Broadcasting Company, 2015). In essence, 
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Councilor Ball stated that “it is not changing everything in the city, it is using a sensible 

approach to where we need light” (Canadian Broadcasting Company, 2015). 

 The community of Oak Bay in British Columbia, Canada which is part of the Greater 

Victoria region, is using dark sky friendly lighting. Oak Bay is committed to using energy 

efficient lighting and has a designated Urban Star Park from the Royal Astronomical Society of 

Canada named Cattle Point Park. The vision for the Cattle Point Urban Star Park is “a place for 

residents and tourists, old and young alike, to enjoy the stars, planets and our moon, meteor 

showers and satellites – and of course the International Space Station. A unique location where 

there is minimal light pollution, a place to think about our planet, its place in the universe and the 

importance of how we care for the earth, a place for students, young and old, to dream” (Cattle 

Point Star Park, 2014). Cattle Point provides a number of events and initiatives at the park such 

as student summer camps, monthly star watching events, meteor shower viewing, constellation 

and planet photography groups, and it is a place for the Oak Bay Astronomy Club to gather 

(Cattle Point Star Park, 2014).  

The municipality of Oak Bay received various input from the community about dark sky 

lighting. The results expressed that some of the residents in the community were frightened that 

less lighting could cause people to fall and injure themselves and created a feeling of insecurity 

(Oak Bay Official Community Plan, 2015). Other residents felt that there was already a lack of 

lighting and could not comprehend why lighting may be further reduced (Oak Bay Official 

Community Plan, 2015).  Groups like the visually impaired, the elderly, and recreational runners 

stated that they rely on the street lighting to prevent injuries because the sidewalks are in poor 

condition and the light provides them with direction (Oak Bay Official Community Plan, 2015). 
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One individual stated that all street lights could be replaced with energy saving lights and that 

lights could be placed only where they are needed (Oak Bay Official Community Plan, 2015). 

 Jasper National Park is the second largest Dark Sky Preserve in the world and is 

approximately 11,000 square kilometers and the beauty of this park’s dark sky can be viewed 

365 days of the year (Jasper National Park, 2015). Jasper National Park has integrated dark sky 

concepts into the City of Jasper and is raising public awareness, for instance, the Dark Sky 

Preserve offers “Kakasitipiskak” which is where aboriginal dark sky stories are told and is a way 

of sharing aboriginal diversity (Jasper National Park, 2015). Additionally, the park offers 

sidewalk astronomy in the city center of Jasper and the public are invited to view the sky through 

telescopes that are placed on city sidewalks (Jasper National Park, 2015). Jasper has an annual 

Dark Sky Festival in October that takes place at the National Park and other engaging events 

happen over the year such as Halloween ghost stories and moonlight hikes (Jasper National Park, 

2015).  

Hölker et al. (2010) state that reducing light pollution can be an impediment because 

artificial lighting is typically thought of in strictly a positive manner as light is indicative of 

security, urbanity, enlightenment, and modernity. It is essential when municipalities create 

lighting policies that the advantages and disadvantages of artificial lighting are discussed (Hölker 

et al., 2010). Policies should examine the positive effects of lighting such as economics, lifestyle 

factors, security, and at the same time discuss the negative effects (Hölker et al., 2010). Hölker et 

al. (2010) declare that the public should have an in depth understanding of socioeconomic, 

cultural, and historical information for lighting systems and that it is important to involve 

different stakeholders like astronomers, health professionals, business owners, city planners, 

lighting engineers, home owners, and ecologists when developing policies around light pollution 
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(Hölker et al., 2010).  This suggests that research around light pollution is multidisciplinary in 

the sense that it should encompass policy, science, practical facts and values (Hölker et al., 

2010).  In doing so, policies can be set up to improve lighting to benefit the quality of the night 

sky, the environment, and human health (Hölker et al., 2010).  

	   	  

Misconceptions of Light Pollution 
	  

 

There is a fear that limiting lighting will cause safety issues, however, there is no firm 

evidence that suggests that there is a correlation between crime and lighting (Mizon, 2012). If 

lighting is installed properly, it will be placed where it is necessary which will reduce the 

concern that the public will have to choose between protecting the night sky and their own 

security (Mizon, 2012). Some cities have their outdoor lighting on a high setting because it is 

believed that it will prevent crime (Falchi et. al., 2011). In 1998, there was a project in Chicago 

called the Chicago Alley Lighting Project (Flagstaff Dark Skies Coalition, 2015). The project 

was a partnership between the mayor of Chicago and the Department of Streets and Sanitation in 

an effort to reduce crime through improved lighting of alleys and streets (Flagstaff Dark Skies 

Coalition, 2015). The first part of the plan was to upgrade 175,000 of Chicago’s streetlights 

(Flagstaff Dark Skies Coalition, 2015). The second part was to repair lighting in areas of 

transportation and viaducts (Flagstaff Dark Skies Coalition, 2015). The third part was to improve 

lighting in alley ways (Flagstaff Dark Skies Coalition, 2015). At the end of the project there was 

no conclusive evidence that increasing lighting had a positive effect on crime prevention 

(Flagstaff Dark Skies Coalition, 2015).  
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Dark Sky Organizations 
 

 

Various organizations have formed to raise awareness and prevent light pollution. One of 

these groups is the International Dark Sky Association (IDA) which is based in the United States. 

The IDA was incorporated in 2001 and their mandate is to “encourage communities around the 

world to preserve and protect dark skies through responsible lighting policies and public 

education” (International Dark Sky Association, n.d.). The IDA administers five different 

designation types for communities that are making significant changes in light pollution 

reduction (International Dark Sky Association, n.d.). The first designation is an International 

Dark Sky Community, which is defined as any community that uses quality outdoor lighting 

practices (International Dark Sky Association, n.d.) The second designation is an International 

Dark Sky Park, which focuses on natural conservation lighting and protection (International 

Dark Sky Association, n.d.) The third designation is an International Dark Sky Reserve, which 

emphasizes on the core of a nature reserve being in darkness (International Dark Sky 

Association, n.d.). The fourth designation is an International Dark Sky Sanctuary, that protects 

dark and remote sites where nature conservation is fragile (International Dark Sky Association, 

n.d.). The last designation is a Dark Sky Development of Distinction, which master planned 

communities, unincorporated neighbourhoods, subdivisions, and townships have on-going 

efforts to protect and promote a natural night sky (International Dark Sky Association, n.d.).  
 

The Royal Astronomical Society of Canada (RASC) is a dark sky organization whose 

mission statement is to “enhance the publics’ enjoyment of the night sky. If glare and light 

trespass are minimized, good views of the starry sky will exist for everyone” (Royal 

Astronomical Society of Canada, 2015).	  RASC has three types of designations that communities 
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can use to protect the night sky. These designations are Urban Star Parks (USPs), Nocturnal 

Preserves (NPs), and Dark Sky Preserves (DSP) (Royal Astronomical Society of Canada, 2015). 

Key guidelines to qualify as an USP are protection and preservation of the quality of the night 

sky, focusing on using limited levels of illumination, and promoting the use of natural barriers 

like berms, trees, and bushes which will assist in preventing reflected and scattered light (Royal 

Astronomical Society of Canada, 2015). A USP emphasizes the benefits of using a flashlight, 

which allows the visitor of the park to have control of the lighting and the size of a USP should 

be large enough that unshielded lights have the ability to be hidden from within the park (Royal 

Astronomical Society of Canada, 2015). Public access after normal operating hours of the park is 

mandatory and the USP must have an active community outreach program (Royal Astronomical 

Society of Canada, 2015). The quality of the night sky in a USP can be measured in terms of if 

the sky is acceptable for an astronomy group to recommend the site as a USP and a municipal 

bylaw or policy should be adopted to protect the park from light trespass and glare from any 

commercial, private, or municipal lighting (Royal Astronomical Society of Canada, 2015). 

Figure	  11.1	  RASC	  Urban	  Star	  Park	  Diagram. 

	  Focusing	  on	  using	  limited	  levels	  of	  illumination,	  and	  promoting	  the	  use	  of	  natural	  barriers	  like	  

berms,	  trees,	  and	  bushes	  are	  some	  of	  the	  key	  guidelines	  for	  a	  USP	  (RASC,	  2015).	  

(Image: Royal Astronomical Society of Canada) 
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 The guidelines for a Nocturnal Preserve (NP) are similar to the guidelines of an Urban 

Star Park (USP). The vision statement for a NP is to “promote the reduction of light pollution, 

demonstrate night time lighting practices, improve the nocturnal environment for wildlife, 

protect and expand dark observing sites for astronomy and provide accessible locations for the 

general public to experience the naturally dark night sky” (Royal Astronomical Society of 

Canada, 2015). A NP conserves the quality of the night sky for wildlife by preserving and 

protecting nocturnal animals’ habitats, while providing accessibility to visitors (Royal 

Astronomical Society of Canada, 2015).  

 A Dark Sky Preserve (DSP) has the goal of being an area “in which no artificial lighting 

is visible and active measures are in place to educate and promote the reduction of light pollution 

to the public and nearby municipalities. Sky glow from beyond the borders of the Preserve will 

be of comparable intensity, or less, to that of natural sky glow” (Royal Astronomical Society of 

Canada, 2015). The DSP guidelines are essentially the same as a Nocturnal Preserve.  

 The Flagstaff Dark Skies Coalition (FDSC) is based out of Arizona and focuses on 

protecting the night skies in Flagstaff and Northern Arizona (Flagstaff Dark Skies Coalition, 

2015). The FDSC provides guidelines to communities throughout the world in terms of what 

forms of lighting should be used, types of lighting codes, and offers a general basis of the effects 

of light pollution (Flagstaff Dark Skies Coalition, 2015).  

	  

 
Physiological and Psychological Effects of Lighting 
	    

Beautiful and vibrant cities are defined by the attractiveness of their built and natural 

environment as well as a city’s cultural and social activities (Sandoval & Osterhaus, 2014). 

Public spaces, parks, buildings, and city streets are considered part of the city’s urban 
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environment (Sandoval & Osterhaus, 2014). However, what is the difference between 

experiencing a city during the day in comparison to night? Outdoor lighting has evolved from 

lanterns to modern lighting fixtures and these lighting systems have altered the image of cities at 

night, for instance, modern lighting offers unique and flexible lighting solutions to enhance the 

characteristics and beautification of a city (Sandoval & Osterhaus, 2014). 

 People have a psychological and physiological response to light in terms of lighting 

colour, lighting level, visibility, and orientation (Sandoval & Osterhaus, 2014). From a 

psychological point of view, lighting provides an emotional or aesthetic reaction that is in 

conjunction with atmosphere, safety, security, and comfort, and outdoor lighting has been 

created in response to these types of reactions (Sandoval & Osterhaus, 2014).  Recently, 

designing lighting with psychological factors in mind has increased due to activities that require 

night-time lighting (Sandoval & Osterhaus, 2014). A city’s lighting guidelines are typically 

based on three main activities which include: commerce, recreation, and transport (Sandoval & 

Osterhaus, 2014). Streetlights provide orientation for pedestrians and vehicles and lights are used 

for recreation and commercial advertising (Sandoval & Osterhaus, 2014). Therefore, lighting can 

capture a person’s attention through use of coloured or bright lights, lighting hierarchies, and 

creating different shapes and forms with lighting (Sandoval & Osterhaus, 2014).  An example of 

this, is familiar structures such as the Golden Gate Bridge in San Francisco, United States. When 

the recognized features are illuminated at night, the structure becomes highly visible and 

showcasing buildings or public spaces at night assist with orientation and tourism opportunities 

(Sandoval & Osterhaus, 2014). 

 There is lighting for safety and crime prevention in urban environments (Sandoval & 

Osterhaus, 2014). One study examined the correlation between lighting and crime and the result 
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was that lighting could not prevent crime but it could decrease fear by reducing dark areas 

(Sandoval & Osterhaus, 2014). The feeling of safety and security in a person’s environment is 

due to three main reasons: object detection, orientation, and recognition (Sandoval & Osterhaus, 

2014). Distinguishing objects provides the ability to view an area and locate important structures 

and potentially dangerous objects (Sandoval & Osterhaus, 2014).  Lighting for orientation 

purposes such as signage, allows vital information in an area to be visible which assists in 

locating entrances and exit paths (Sandoval & Osterhaus, 2014). Recognition creates a feeling of 

safety because the public can be aware of potentially dangerous sites (Sandoval & Osterhaus, 

2014). Visual comfort is a defining element in successful lighting in cities. For instance, focusing 

on visual comfort can reduce uncomfortable feelings in a public space and create an enjoyable lit 

atmosphere which emits the feeling of safety and welcome (Sandoval & Osterhaus, 2014). 

 To design a nicely illuminated environment, colour temperature and rendering, control of 

brightness and glare, and appropriate lighting levels can be considered (Sandoval & Osterhaus, 

2014). Determining the type of lighting that will be successful and well received is challenging. 

There have been recommended lighting guidelines for suitable lighting levels for the ground and 

buildings for the safety of pedestrians, visual comfort, and visual orientation (Sandoval & 

Osterhaus, 2014). Visual orientation relies on a hierarchy to enhance certain features and 

suppress others (Sandoval & Osterhaus, 2014). This visual hierarchy is in unison with lighting 

comfort and attractiveness and is linked with distribution, intensity, and direction of light 

(Sandoval & Osterhaus, 2014). Therefore, lighting designers have the ability to locate critical 

features in an urban environment and enhance them through higher illumination levels and 

colour accents (Sandoval & Osterhaus, 2014).   
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Figure	  12.1	  Aesthetically	  Illuminated	  Trees	  at	  Maffeo	  Sutton	  Park	  on	  Vancouver	  Island.	  

Outdoor	  lighting	  is	  more	  than	  energy	  efficiency,	  it	  creates	  a	  sense	  of	  place	  and	  beauty	  and	  has	  

the	  ability	  to	  instill	  a	  psychological	  and	  physiological	  response.	  

(Image: Arrowsmith Media) 
 

To create feelings of safety, beauty, and orientation of lighting, using a uniform lighting 

approach is not considered satisfactory. An effective solution to this can be through layered 

lighting. For example, when lighting an urban space, various lighting layers are combined to 

create a well lit environment (Sandoval & Osterhaus, 2014).  Layered lighting is designed by the 

first layer meeting the minimum standard of illumination of the main object it is intended to light 

and the buildings or structures that are less pronounced can receive less lighting and the more 
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pronounced buildings should have higher luminance (Sandoval & Osterhaus, 2014). The colour 

temperature of the lighting design should be in unison with the building colours and surfaces 

(Sandoval & Osterhaus, 2014). The first layer is meant to provide the basis of the lighting design 

and after the first layer, the other layers come to fruition and therefore, the first lighting layer 

needs special detail and attention (Sandoval & Osterhaus, 2014).  

A study was conducted in New Zealand that examined layered lighting and included a 

survey that discussed its effectiveness. The survey showed that three-quarters of respondents 

thought layered lighting improved visual comfort, safety, orientation, and the aesthetic appeal of 

buildings at night, and provided enhanced control of energy consumption and lighting design 

(Sandoval & Osterhaus, 2014). The benefits of layered lighting can manage the amount of 

energy consumption that is necessary for creative lighting design while simultaneously 

emphasizing the main features of an urban space (Sandoval & Osterhaus, 2014). Layered lights 

can be individually switched to have higher illumination levels when required and can be 

lowered for safety purposes (Sandoval & Osterhaus, 2014). This study indicates that examining 

diverse methods of lighting design has the ability to instill psychological and physiological 

feelings.  
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	  	  	  Figure	  13.1	  Layered	  Lighting	  on	  a	  Heritage	  Building	  in	  Nanaimo,	  British	  Columbia.	  

Layered	  lighting	  is	  created	  by	  the	  first	  layer	  meeting	  the	  minimum	  standard	  of	  illumination	  of	  

the	  main	  object	  it	  is	  intended	  to	  light	  and	  the	  buildings	  or	  structures	  that	  are	  less	  pronounced	  

can	  receive	  less	  lighting	  and	  the	  more	  pronounced	  buildings	  should	  have	  higher	  luminance.	  

(Sandoval	  &	  Osterhaus,	  2014).	  
 

                                             (Image: Arrowsmith Media) 
 

Summary 
	    

Current literature indicates that light pollution is an emerging issue and its effects are 

multifaceted. Light pollution has the ability to impact human health, wildlife, the environment, 

loss of culture, and the quality of the night sky. Literature suggests that a variety of different 
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techniques are occurring to quantify light pollution and municipalities are beginning to adopt 

solutions to combat the problem such as the creation of dark sky sites and city policies. There is 

an increasing amount of evidence that the concerns associated with light pollution are developing 

and causing devastating effects worldwide.  
 

Chapter 3: Methodology 
	  
 

Research Design 
	  
 
 Telephone and Skype interviews were conducted with each participant to understand 

their views on the current state and future trends regarding light pollution and dark sky policies. 

This approach was utilized because it allowed the primary researcher to ask a series of questions 

that enabled a detailed response from each participant. Once a question was asked, the primary 

researcher would provide further follow up questions depending on the participant’s answer. The 

telephone and Skype interviews permitted for increased personable interaction between the 

primary researcher and participant and afforded the participant the ability to inquire about 

additional information about the research if necessary. This research design was selected because 

participants were interviewed from various Canadian municipalities as well as the United States. 

It would have been cost prohibitive to conduct the interviews in person, and it was thought that 

this expense would not result in appreciably different results. The telephone and Skype 

interviews allowed the primary researcher to contact a wide variety of participants to increase the 

validity of this research. 
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Participants 
	    

 

 

Twenty-seven consenting participants were interviewed and the criteria to determine the 

participants was based on their role in local governments, involvement in other organizations 

relating to dark sky policy, or personal expertise. City planners, engineers, public officials and 

city staff were contacted to provide perspective about dark sky lighting within their specific 

position. The other selected participants were involved with designation of dark sky sites. The 

final group of participants that were contacted were experts in the area of light pollution and 

protection of dark-skies such as authors, dark sky organizations, and astronomy experts. The 

participants chosen for these interviews were from across Canada to provide a wide sample of 

research. Two participants were from the United States and were selected because of their 

specialized knowledge regarding light pollution.  
 

Recruitment 
	    

For the purpose of this research, participants were contacted via email and asked to 

partake in this project. The participants were informed about the research context and were 

invited to participate in an approximate 15 to 20-minute telephone or Skype interview. The 

researcher emailed local governments throughout Canada and selected cities of varying sizes. 

Anyone who responded to the email was interviewed by the researcher. The experts on this topic 

and dark sky site participants were identified from current literature and were directly contacted. 

At the beginning of each interview, all participants were asked if the interview could be recorded 

and all agreed to this stipulation. Each participant was asked if they were interested in a copy of 

the final research paper and guidebook and all expressed interest in this follow up. 
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Data Collection and Analysis 
  

The interviews were recorded with an iPhone and labelled under each participant’s city or 

organization. The participants were asked questions from a list that was created prior to the 

interview by the primary researcher. Each question list was tailored to the specific group being 

interviewed and the questions were structured for each individual participant. At the conclusion 

of the interview the participants were able to provide any additional information they deemed 

important to share.  The interviews were transcribed verbatim into a Microsoft Word document 

to ensure that no information was lost and was as accurate as possible. When the interviews were 

written in the final report, in the results section, the participants statements were written as close 

as possible to what was said in the original transcription.  After each individual interview was 

recorded, they were categorized in specific groups. The groups included planners, engineers, 

dark sky places, and experts’ opinions and the information was then compiled into this paper 

under the results and findings section.   
 
 

	  

Chapter 4: Results and Findings 
	  

This chapter begins with an overview of the interview demographics, followed by a 

discussion of the findings found from each interview category.  

	  

Demographics 
	  
 

 

 

 

A wide sample size of participants was involved in this project. City planners, engineers, 

landscape architects, city staff and officials, astronomers, research experts, and dark sky 
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organizations and cities were interviewed. The participants were located throughout Canada in 

British Columbia, Alberta, Quebec, and Ontario and two of the participants were located in the 

United States. The total number of participants that were interviewed for this research was N=27.  

 

Table	  2.2	  List	  of	  Participants.	  

A	  wide	  variety	  of	  participants	  were	  involved	  in	  this	  project.	  City	  planners,	  engineers,	  a	  landscape	  
architect,	  city	  staff	  and	  officials,	  astronomers,	  research	  experts,	  and	  dark	  sky	  organizations	  and	  

cities	  were	  interviewed	  for	  a	  total	  of	  N=27	  participants.	   
 

	  
City Planners Response to Light Pollution 

 

 

 

 

 

 

 

 

The city planners (N=11) interviewed were from municipalities in British Columbia and 

included Nanaimo, Tofino, Lantzville, Qualicum, Prince George, Whistler, Victoria, Langford, 

Kelowna, Port Alberni and one planner was from Toronto, Ontario. Each planner had varying 
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responses regarding their thoughts on this topic. Ten out of eleven planners believed it would be 

beneficial for urban planners and community members to know more information about light 

pollution. 

 The first question addressed examined what current tools local government planners have 

access to that can reduce light pollution. The participating planners identified official community 

plans (OCP) as an effective tool. One municipality stated light pollution is reduced in their 

community through the OCP by considering opportunities for dark sky compliant lighting in 

appropriate locations near sensitive wildlife habitat. An additional method to reduce light 

pollution is through development permit guidelines because planners have the ability to regulate 

the lighting of parking lots, subdivisions, and development standards.  Another planner discussed 

that within the OCP, the development permit guidelines can mention specific form and character 

guidelines and create regulatory lighting bylaws. New developments can have lighting reviewed 

by a municipality to ensure for adequate lighting. The last tool identified was a neighbourhood 

plan which can provide direction on design, look, and feel on a neighbourhood scale and the 

correct language can be used in a neighbourhood plan that adheres to lighting specifically. 

	  
Current Planning Practices to Reduce Light Pollution   

 

 

 

 

 

 

 

The next question that was discussed investigated what current efforts the planners in 

each municipality were making in regards to reducing light pollution. Participants mentioned that 

their municipality is currently upgrading their outdoor streetlights to light-emitting diode (LED) 

lights. One municipality is installing cut-off LED lighting fixtures to ensure that light shines in 

its intended direction which differs from their previous criteria which was based on selecting any 

type of light that was bright. The planner from this municipality noted that they have not 
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emphasized lighting in their design guidelines and their municipality could strengthen their 

approach with a guiding document that addresses street lighting.  

 Another municipality placed particular emphasis in their policies to preserve dark skies 

through a long term plan and prided themselves on living in a natural environment which 

includes visibility of the night sky. Through development permit policy, this municipality tries to 

keep lighting minimal and focused downwards and lighting in this city is balanced through the 

British Columbia building code to ensure safety. This can cause dark sky lighting practices to 

become difficult because contractors must comply with the British Columbia building codes. 

This municipality stated that they have created a general policy that encourages lower lighting 

practices in comparison to other cities. 

 One city is currently updating their lamp heads for street lighting. The planner from this 

municipality mentioned that full cut off lighting fixtures are becoming increasingly prominent in 

the community and that there have been more inquiries and concerns about light pollution than 

ever before. One difficulty is that updating the lighting will take time to upgrade and may be 

costly to replace all the street lights in older neighbourhoods. Lastly, some planners indicated 

that there were currently no efforts being made to reduce light pollution in their municipality. 

	   	  

	  

The Benefits and Barriers of Reducing Light Pollution 
 

Each planner that was interviewed was questioned about the benefits and barriers of 

diminishing light pollution in their community. For the benefits, differing responses were 

provided from each municipality and one reoccurring answer was the environmental benefits. A 

planner stated that reducing light pollution is beneficial because artificial lighting negatively 

impacts native plants and species like migrating birds or nocturnal animals. Another idea that 
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was mentioned was directing light where it is intended instead of broadly distributing it. In terms 

of environmental protection, directed lighting should be necessary in an riparian or aquatic area 

to minimize glare. Reducing lighting to benefit human health was mentioned as artificial lighting 

has the ability to disrupt sleep patterns. Some planners identified overall protection of the quality 

of the night sky as an important benefit. The last benefit that was discussed was energy cost 

reduction. A few planners stated that it is proper planning practice to understand what constitutes 

light pollution and that reducing lighting has the ability to create more sustainable and efficient 

energy practices.  

The question that planners answered about the barriers in reducing light pollution 

received a multitude of varying responses. A common answer was about light pollution 

conflicting with Crime Prevention Through Environmental Design (CPTED).  Planners stated 

that CPTED guidelines are enforced to provide adequately illuminated spaces and to minimize 

dark areas. Reducing lighting can create perceptions that areas can become unsafe because of 

lack of lighting. If lighting is restricted in public places or for the designation of dark sky spaces, 

it creates the feeling of an unsafe space. This does not mean that lighting is prohibited but rather 

that lighting has to be done in a thoughtful manner to address safety concerns. Another planner 

stated that lighting is a balancing act and that one of the reasons municipalities want streetlights 

is for safety, yet at the same time it is important to avoid polluting the night sky with artificial 

lighting.  

Another barrier in reducing light pollution was cost.  One planner identified that their 

municipality currently has dated lighting fixtures and that replacing these fixtures by investing in 

non-light polluting technologies would be of substantial cost. Policies and bylaws were a 

significant challenge that was brought forth. Reducing light pollution can be a concern because 
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many light sources that come from a municipality may be on private property and the city may 

not be able to control the lighting. One planner stated that there is conflicting legislation with 

respect to how lights are implemented and planning departments can suggest general lighting 

guidelines but do not have the ability to specifically state where all lighting should be installed. 

In relation to this, provinces have their own lighting standards for highway requirements which 

can entail an increased amount of lighting that local governments cannot control.  

A specific policy that was discussed was heritage lighting. A city planner mentioned that 

shielded lighting fixtures are not compliant with heritage lighting standards. Another issue with 

lighting policies is the absence of public education and awareness and that understanding light 

pollution is necessary to inform city councillors and decisions makers about future light pollution 

bylaws. Some planners commented that light pollution has not been an issue in their community 

and another planner stated that they understood the concern of artificial lighting in densely 

populated communities but did not believe it was a problem in their small community. However, 

this planner acknowledged that municipalities should be investigating light pollution before it 

becomes a large scale crisis. A concern that was discussed was that municipalities have not 

provided light pollution with much attention because there are other urgent urban issues that take 

priority rather than lighting and the effects of artificial lighting have not been on the forefront of 

many planners’ minds. 
 

 
Addressing Light Pollution to the Community	  
  

The participating planners stated how they would explain light pollution to residents and 

whether or not the public believes that light pollution is a worthwhile issue to examine further. A 

parks planner suggested discussing light pollution from a wildlife angle. For instance, the City of 
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Toronto has bird friendly development guidelines that overview reducing lighting and glare, 

which could be an effective stance to discuss light pollution impacts and its significance.  

Another planner suggested conversing about light pollution from the perspective of energy 

efficiency because newer lights do not waste the same amount of energy and are more 

directional. The planner stated they would discuss light pollution from a human health angle as 

well. One municipality placed emphasis on their Official Community Plan to raise awareness 

about protecting the night sky and reducing light on large scale projects when possible.  This 

municipality said that they are the communicator of the municipality’s future goals, community 

engagement, and provide people with direction for where they can find more information about 

light pollution.  

 Another method was creating a practical amount of light pollution education for the 

community to know the reasoning behind an issue, why it is being modified, and what the 

benefits are. It was mentioned that political decision makers and the development industry 

should be educated as to why light pollution is a problem that needs to be considered.  Crime and 

safety was a concern that was brought up to be understood by the public and a planner claimed 

that it relates back to a fear of crime and how street lighting and lighting in general has a way of 

deterring crime at night. In regards to dark sky sites, it would be possible to have events in a dark 

sky park but it is a conversation that would need to occur early on about public safety. If 

municipalities minimize concerns about crime, it will make it easier and safer for local residents 

to occupy the space and to work with people who want to minimize light pollution in a 

community. Another planner mentioned that they do not view light pollution as a subject that 

requires a wide scale initiative. This planner stated that they could consider light pollution in 
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regards to reducing lighting in a particular space like a park but could not see a particular 

instance where its reduction would require heavy involvement in the community. 

 In addition, the planners were asked what they believed the public’s current level of 

knowledge was regarding light pollution. Many planners believed that knowledge regarding this 

issue is minimal and others believed that there was a small amount of public awareness but it is 

not satisfactory of what the current level of awareness should be. 

 

Dark Sky Sites 
 
 Light pollution can be reduced through dark sky site designation and each city planner 

was asked about their views on creating a dark sky site in their community. The answers were 

mixed as some planners thought it would be possible whereas others did not think it would be an 

option. One planner from a large municipality said it was achievable, but it would depend on the 

location of the site. There are some areas in the city that are nearly dark enough but if there was a 

ranking of dark sky sites then this city would not qualify as the darkest. There could be a concern 

with sections of the dark sky site criteria that is provided from the Royal Astronomical Society of 

Canada (RASC) such as 24-hour public access which may not be realistic in certain sites. 

Questions could arise such as who is responsible for the park, who will enforce the rules, who 

will regulate the park hours, park maintenance, and general costs. One planner was agreeable to 

examine the concept of a dark sky site but believed that the main barrier would be that the public 

should feel completely confident that the dark sky site is not a safety hazard.  

 Some interviewed participants speculated if the concept of a dark sky site was relevant. 

One municipality stated that a dark sky site was unnecessary because of the small size of their 

community and current lack of light pollution. This town already has the ability to consistently 

view the stars and the sky is pitch black once a person leaves the town centre. Therefore, a dark 
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sky site would not present the same opportunity in a smaller and rural type of community as it 

would an urban centre. Another municipality that was accepting of the idea, not only had 

difficulty figuring out an appropriate location for the site, but thought that education about dark 

sky sites should be mandatory to explain to residents what the rational is, why the site is being 

created, and why light pollution is an issue. This municipality thought that if community 

members were spoken to about this topic they would not view light pollution as a concern. The 

residents may wonder why they should be concerned with lighting when there are other priorities 

that should take precedence. This municipality believed if the site was to be developed, the 

deciding factor would be education as to why this site was happening and what the benefits 

would be.  However, the municipality did not foresee any community protests regarding 

implementing a dark sky site. A concern that was raised by a planner was that crime would be 

the number one issue and the planner asked if a dark sky site was to be implemented, how would 

traffic flow? how would pedestrians flow? all while prioritizing safety aspects. 

One planner mentioned that the idea of a dark sky site has never been examined in their 

community. They believed that one of the issues is their municipality is a relatively small 

community that is surrounded by a rural area and residents already have quick access to dark 

areas. The town is not overly illuminated besides areas with large industry which is not subject to 

change. This community has a lot of green space where there is no light and the planner believed 

there would be no reason to implement a dark sky site since the town contains natural dark sky 

sites already. The planner discussed that there would be no need for this type of initiative since 

their community does not face the same sort of lighting issues that a larger urban centre would.  

Lastly, one planner believed that a dark sky site is completely unnecessary and unachievable in 
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the type of urban setting their municipality is situated in and stated that their community is an 

inappropriate place for a dark sky site. 

 

 

 

	  	  	  Figure	  14.1	  Illuminated	  Urban	  Environment	  in	  Downtown	  Nanaimo,	  British	  Columbia.	  

A	  reoccurring	  concern	  that	  municipalities	  had	  for	  implementing	  a	  dark	  sky	  site	  was	  locating	  an	  

appropriate	  space.	  Some	  urban	  centers	  are	  vastly	  lit	  and	  it	  is	  unachievable	  to	  designate	  a	  dark	  

sky	  site	  in	  that	  type	  of	  setting.	  	  

(Image: Arrowsmith Media) 
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Engineers Response to Light Pollution 
 

 Engineers from varying municipalities (N= 4) and an illuminating engineer (N=1) were 

interviewed for this project. The participants were from Whistler, West Vancouver, Victoria, 

Prince George, and Vancouver.  

 The Engineers discussed practical methods to reduce light pollution from an engineering 

perspective. One engineer said their municipality is changing their lighting standards through 

fixture designs such as full cut off lighting to ensure that lighting is only being directed where it 

is intended. This municipality is upgrading their existing lighting infrastructure and updating 

their lighting based on the premise of energy and greenhouse gas reductions and those efforts 

have provided the opportunity to look at dark sky initiatives.  Another engineer, is finishing an 

LED project where the lights that are being selected are based on a specific rating. This examines 

how much light is reflecting up into the sky in older style lighting fixtures that have sideways 

lighting and domed glass. This engineer stated that by next year, all the older style lighting 

fixtures will be eliminated out of their system. In addition, this municipality is choosing 

appropriate sized lighting and evaluating their design fixtures to guarantee proper illumination on 

roadways and sidewalks and preventing over-lighting the area by using the correct wattage. 

 One engineer discussed using the required amount lighting that is necessary and stated 

that a high amount of light pollution comes from inadequate lighting design. Furthermore, the 

planner stated that spaces should be illuminated appropriately to meet the regulated level while at 

the same time it is important to be mindful and avoid using an excessive amount lighting. 
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Current Lighting Practices 
  

The engineers were asked if their communities currently had any plans to retrofit existing 

luminaires to prevent light spill. One municipality has an active annual process for improving 

outdoor lighting and mentioned that there are a large number of lights on their municipal streets 

and the community has an extensive self propelled paved valley trail network that is illuminated 

for approximately 30-40% of the trail system. The trail network allows people to commute to 

work and get to tourism destinations. This municipality is in the process of a three-year plan to 

enhance the lighting throughout the trail system and has design guidelines for new developments 

with the objective to reduce light pollution. 

 Another engineer stated that their municipality does not have a specific plan, but uses 

directional lighting with their current luminaires and do not have much light pollution in their 

community. This municipality is phasing out post-top lighting with LED lights when the post-top 

lighting fails. The engineer added that the only instance shielded lighting or a different luminaire 

is installed in this city is when there is a public complaint. This means that lighting is only 

changed when a luminaire fails or is removed based on a reactionary response from a community 

member. One city has a request for proposals to develop an outdoor lighting strategy which will 

assist in developing guidelines for streetlights, the seawall, and parks which will be this city’s 

starting point. Currently, this city has retrofitted lights on major intersections changing from 

High Pressure Sodium (HPS) to LED. 

 
Opinions on LEDs 
	  

As cities are currently switching their lights from High Pressure Sodium (HPS) to Light-

Emitting Diode (LED), the engineers discussed their thoughts on LED lighting. One engineer 
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stated that their municipality has been testing LEDs for five years and discovered that all the 

available LEDs consisted of a high temperature. As the municipality got closer to a total 

conversion project, they found 3000 kelvin LEDs which is a warm amber coloured light 

compared to a white light. The 3000 kelvin light was a higher price and the efficiency was not as 

well received as the higher temperature LEDs, but in the last two years, the engineer stated that 

the pricing gap has closed and the cost has reduced so it is achievable to have a lower kelvin 

LED for the same expense as a higher kelvin LED. As this municipality’s project continues, 

there will be investigation into smart or adaptive lighting which will examine turning off lights 

or dimming the lights when residents are not occupying a space. This municipality is beginning 

to purchase fixtures for smart lighting with the hope to reduce the city’s current amount of 

lighting. Another engineer stated that they are currently installing LEDs as their old lights fail. 

This municipality’s LEDs are about 4000 kelvin which is a cool white light. The engineer added 

that they discussed looking at the 3500 kelvin range but have not received any complaints about 

4000 kelvin LED lights. In addition, the 4000 kelvin LEDs are being used on this municipality’s 

roadways. 
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Figure	  15.1	  Comparison	  of	  High	  Pressure	  Sodium	  (HPS)	  and	  Light	  Emitting	  Diode	  (LED).	  

	  
Many	  municipalities	  are	  currently	  upgrading	  their	  lighting	  systems	  from	  HPS	  to	  LEDs.	  HPS	  have	  

a	  warm	  colour	  temperature	  compared	  to	  LEDS	  which	  have	  a	  cool	  colour	  temperature.	  

                                             (Image: Arrowsmith Media) 

 

 Another city faced objections when they made the conversion from HPS to LED lighting. 

The engineer stated that their municipality is aware of the concerns regarding LED lights 

because five years ago LEDs were used in a street reconstruction and received grievances from 

the neighbourhood. The city had to adjust the lighting, turn down the level, and change the 

colour of the lights. The LED lights were installed on a major bikeway downtown as well which 

High	  Pressure	  Sodium	   Light	  Emitting	  Diode	  
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caused complaints so a lighting dimmer was installed to respond to the concerns. This 

municipality is in the midst of creating an outdoor lighting strategy and has conversed with other 

cities about their LED programs and the issues they encountered. The engineer discussed that 

they will be placing 4000 kelvin LEDs at major intersections for visibility but residential, park 

spaces, and the waterfront will have warmer temperature lighting. One city does not have any 

capital projects for replacing HPS with LEDs before the end of the HPS service life and the HPS 

will gradually be replaced with LED when the HPS fails or if there is a large scale project like 

construction of a roadway. An engineer identified that the change from HPS to LED can be 

difficult for community members to adapt to. LEDs that are primarily tested in residential areas 

receive a lot of protests because of the higher temperature white lighting. It is simpler to change 

the lights from HPS to LED in an entire block so residents have no other lights to compare the 

LED lights to. 

 
Benefits and Barriers in Reducing Light Pollution 
	  

The engineers discussed the benefits and barriers in reducing light pollution in their 

community. One engineer mentioned that the biggest benefits were ecological health in regards 

to birds and other wildlife, protecting human health by avoiding lights shining into bedroom 

windows for a better sleep, and value in seeing the starry night which provides access to nature. 

Two engineers stated that the biggest benefit would be improving human health as artificial 

lighting impacts sleep rhythms, so the darker the sky is, the better it is for humans and animals as 

far as the restful night cycle goes. Another planner mentioned LEDs produce blue light at night 

that is unnecessary as most residents are not outside during night time and the blue light has the 
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ability to effect sleep patterns so it may be beneficial to change the lights in the city core to a 

lower kelvin. 

 In regards to the barriers in reducing light pollution, a common theme was public safety 

and one municipality stated that it is their first priority in how they measure lighting. Another 

barrier that was mentioned exists in design guidelines. An engineer claimed that municipalities 

have less authority than a private developer to regulate lighting and said that on rare occasions a 

section 219 covenant on title can provide more detail regarding this issue but it is uncommon and 

would have to be renegotiated as a rezoning phase. Therefore, the biggest barrier is jurisdictional 

control. There are certain things than can happen to regulate building codes but little can be done 

at a local government level. One engineer discussed that lack of education is a constraint and if 

the public was further educated and understood the impacts of light pollution, it would assist in 

making changes easier such as changing to LED lighting.  

 
Budgeting for Lighting Replacement 
  

The five engineers were asked about budgeting for luminaire replacement. An engineer 

stated that there is a budget to replace old luminaires but it is grounded in energy savings and 

greenhouse gas reduction rather than reducing light pollution. In some cases, when this 

municipality purchases a new lighting fixture it is because the entire fixture needs replacing. At 

this stage, concerns of light trespass, light quality, and colour rendering index will be 

additionally examined. Some luminaire retrofits make sense from a return on investment 

perspective and to leverage the existing budget, when light bulbs are changed. When only a bulb 

is changed and not the fixture, it is challenging to make improvements from a light pollution 
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perspective but not impossible. Ultimately, in this municipality there is a budget but it is not 

specifically for light pollution but rather for luminaire replacement and energy reduction. 

 Another engineer mentioned that their municipality has an annual maintenance budget 

and the lights are replaced as they stop working. Only a certain amount of lights can be 

physically replaced in a year based on the amount of hours in day and it is a budgeting issue for 

this municipality and the reason why there has not been a capital project to replace all the 

lighting in an entire neighbourhood at once. There would be a concern with funding if this was to 

transpire, so lights are replaced when possible. One municipality said a budget for retrofitting 

lighting would be a challenge because there is no budget for widespread lighting changes but 

rather lighting gets redone for new development projects. An engineer said that the lighting 

budget in their municipality was manageable and required a few weeks to complete a business 

case to determine if changing lighting was viable or not. Once the case was made, there was no 

issue convincing council that retrofitting lighting was the correct option and that there would be 

improved capital and side benefits to this initiative. 
 

 
Crime and Safety 
	  

As mentioned previously, there are concerns surrounding increased crime and light 

pollution reduction. One engineer read that LED lights provide a heightened feeling of safety 

which has led to lower crime rates and therefore LEDs have been met positively. Another 

engineer claimed that most studies they have read have shown no significant correlation between 

crime level and an increased amount of the lighting. CPTED was mentioned again by an 

engineer and stated that depending on any given scenario or location, sometimes there is 

increased crime because of excess lighting compared to less lighting. If a location is remote, it 
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could provide criminals with light to work with and make it easier for criminal activity. This 

engineer does not see lighting as being a deterrent either way because there are other factors 

involved with criminal activity other than lighting.  A remote location is possibly safer not to 

have lighting because most people would not pay attention to that space at night and avoid it. 

Chances are any passerby is going to notice a flashlight rather than an entire lit up space.  

 
Community Support and Awareness 
	  

The engineers were questioned about the support of their city council in reference to light 

pollution initiatives. One engineer said that city council was supportive and another engineer 

stated that it was a council motion that caused them to examine and focus on light pollution and 

dark sky policies. The engineering department in this particular city was asked by council to 

improve the city’s outdoor lighting and to reduce light pollution in alignment with the city’s 

green city mandate.  One of the councillor’s in this city came up with a dark sky motion two 

years ago for the engineering department to explore dark sky lighting and efforts are currently 

being made to create an outdoor lighting guide.  

 In terms of creating public awareness and support, one engineer stated that light pollution 

initiatives have occurred because of the local astronomy club in their city. It has been apparent 

that the more involved the astronomy club is at any given time in terms of their membership and 

activity, then there is increased advocacy for dark skies as well as public campaigns to raise 

awareness. When these types of clubs go into dormancy, the local government seldom continues 

these efforts. Three engineers discussed that light pollution does not have adequate 

understanding in communities and residents may only have a small amount of knowledge about 

this topic and that it would be valuable for local governments to provide more information. One 
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municipality has not received many complaints about light pollution and if there is a grievance 

about lighting, it is about light shining into an adjacent property rather than light pollution 

concerns in general.  Another engineer understood that public awareness is beneficial and 

believed the current level of light pollution awareness is low. The engineer suggested that 

community members could be shown different lighting types in front of different houses so 

residents can understand lighting and engage in this issue with engineers.  

	  

Figure	  16.1	  Public	  Astronomy	  Education	  at	  a	  Star	  Party	  in	  Victoria,	  British	  Columbia.	  
	  

Many	  light	  pollution	  initiatives	  have	  occurred	  because	  of	  local	  astronomy	  clubs.	  The	  more	  

involved	  the	  astronomy	  club	  is	  at	  any	  given	  time	  then	  there	  appears	  to	  be	  increased	  advocacy	  

for	  dark	  skies.	  Public	  educational	  outreach	  events	  can	  encourage	  community	  members	  to	  

advocate	  for	  dark	  sky	  policies.	  

(Image: Arrowsmith Media)	  
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Experts Opinion on Light Pollution 
 

Paul Bogard, an established author and professor from James Madison University in 

Virginia, wrote a worldwide selling book called The End of Night which focuses on the loss of 

the night sky; the chair of the Royal Astronomical Society of Canada (RASC), the program 

manager of the International Dark Sky Association, and Lance Diskan who is a community 

organizer for the Flagstaff Dark Skies Coalition (FDSC) were interviewed about light pollution.   

The interview with Paul Bogard began with Paul explaining that he grew up in place with 

a real night sky with views of the Milky Way. Paul was searching for a subject to write about 

that was related to the natural world and a topic that had not been thoroughly investigated, so he 

chose night and its importance on the environment and ecosystems. Paul stated that LED 

technology is evolving rapidly and that current technologies are significantly different from those 

introduced as early as two or three years ago. The City of Phoenix recently voted to install 

90,000 streetlights at 2700 kelvin which is a warmer light compared to other cities that have 

chosen about 4000-4500 kelvin which is a blue white light. Another example is Paris, France, the 

municipality is reducing carbon and energy emissions but is additionally concerned with the 

quality of outdoor lighting and the nocturnal atmosphere.  

Cities in North America appear to be infatuated with lighting efficiency; cities have 4500 

kelvin LED lights which is a blue white light that many people dislike, yet cities tout them 

because they save capital and are efficient. However, the public associates these lights with an 

unattractive night time atmosphere. It would be different if municipalities chose a beautiful 

thoughtful lighting design but cities choose LEDs because of the money and energy savings. 

Paul suggested that it is still possible to preserve the nocturnal atmosphere and focus on the 
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beauty of lighting at the same time. Paul explained that some North American cities make the 

outdoors as bright as possible and lighting goes in multiple directions. A method to prevent light 

pollution is from a very basic level ensuring that the lighting is focused downwards rather than 

upwards. Paul states that solving these small problems have the ability to make a great 

difference.  

An ongoing concern with light pollution reduction is crime and safety and Paul’s 

experience was that municipalities were overly concerned with this issue. Highly illuminated 

spaces give the perception of safety when people see bright lights, however, there is no proven 

evidence. Paul noted that some of the brightest places in London, England are high crime areas 

and that highly illuminated spaces do not reduce crime but rather provide the feeling of safety. 

There is minimal research that supports increased lighting for safety and the research is not 

proven. The notion that lighting up spaces as vivid as possible is not suggested to be effective but 

it is challenging to banish people’s fear of the dark and the belief that more lights equates to 

more safety.  

Paul discussed that the lower the light pollution, the more capital can be saved as well as 

health and the environment. It is unnecessary to send light into the sky and into our eyes and it 

would be optimal to place light where it is intended and nothing more. 

There are a lot of intangible values for darkness like observing the universe and the 

Milky Way which has inspired people since time began and to lose it is irreplaceable. It can be 

difficult when explaining this concept because the main focus is on energy savings and lowering 

costs but it would be interesting to discuss lighting and beauty. Paul wanted to highlight how the 

human eye relates to light at night. When bright lights are seen, our eyes start to shutdown and a 

lot of people are noticing that bright headlights on the highway create less visibility.  
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The chair of the Royal Astronomical Society of Canada’s (RASC) Light Pollution 

Abatement Committee was interviewed and asked why it is useful for people to know about light 

pollution. The response was that light pollution does not primarily impact a city, it effects the 

entire surrounding region and artificial sky glow can be seen more than 100 kilometers away. 

Outdoor lighting should be considered carefully since it is mandatory for activity at night but it 

should be balanced with ecological impacts and human health, which has not received enough 

recognition from city officials who obtain their information from light distributers. 

The interviewee was responsible for the creation of RASC’s dark sky site guidelines and 

guide for outdoor lighting. When asked about the benefits and barriers to dark sky site 

designation, the reply was that the benefits demonstrate to the public what can occur with 

minimal lighting and how dark sky sites have low impact lighting which is different than the 

high impact lighting that is used in many cities. The majority of city lighting is a poor display 

that does not illuminate the streets and causes glare which causes pedestrians and drivers’ 

problems with visual orientation. The barriers to dark sky designation is that a site should have 

an understanding of the current lighting situation and include a lighting inventory.  

An enquiry about dark sky lighting in municipalities is the potential increase in criminal 

activity. The question that was asked was how to convince a municipality, particularly city 

council, that designating a dark sky site does not entail an automatic increase in vandalism and 

crime. The response was that crime is not the concern but rather fear and that generally speaking, 

lighting does not increase crime and neither does darkness. Crime is a concept grown out of the 

earliest 20th century when lighting was inadequate and that even the slightest amount of lighting 

improved conditions. Today, there is an over magnitude of light that no longer has any impact or 

decreases the level of crime. When lighting is added to a place, people can become at risk as 
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criminals can hide in the shadows. In some respects, lighting increases crime and in others it 

reduces crime and light can draw more people outside as there is safety in numbers. Presenting 

this concern to council depends on the priority and personality of each member and most 

councillors are uninformed about lighting and may rely on advisors for decision making. When 

an amateur group presents their case about dark sky lighting, their opinions have no basis and the 

council will often ask their professional staff to make this type of decision. 

The program manager from the International Dark Sky Association (IDA) was 

interviewed. The manager describes the IDA as working on the most important environmental 

issue that is unheard of. This is because the IDA is in the early history of the subject and there is 

a lifecycle of attention to concerns mostly on the policy side. If a concern is identified, the IDA 

tries to raise awareness with the public to show them it is a problem. When the public decides 

that lighting is an issue, they will want a solution and that is when the public will put pressure on 

governments and social institutions. The example the manager gives about light pollution, is 

comparing it to smoking. Smoking was not viewed as a problem at first but research by the 

1990’s ultimately showed it was. Eventually a critical mass of people began asking for policy 

solutions to identify smoking as a public health crisis. For light pollution, the IDA is primarily 

about raising awareness and currently, the IDA is on the upswing of this cycle and is bringing 

attention to light pollution so the public will eventually see it as a problem they want to solve. At 

the same time, the IDA is not waiting for governments or institutions to work on this issue first. 

Instead, the IDA is presenting practical solutions that can be used now. The IDA is a small 

organization and cannot do this work alone, so there are networks and chapters of organizations 

to support them and these groups are provided with the most accurate information available so 

communities can make the case for change. 
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Figure	  17.1	  Examples	  of	  Acceptable	  and	  Unacceptable	  Lighting	  Fixtures.	  

Selecting	  a	  fully	  shielded	  lighting	  fixture	  minimizes	  glare	  and	  light	  trespass	  which	  helps	  protect	  

dark	  skies	  (International	  Dark	  Sky	  Association).	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   (Image: International Dark Sky Association) 

In the last 10 years since the recession, municipalities worldwide have been stressed with 

global economic conditions. In the United States particularly, municipalities are under a lot of 

pressure for infrastructure funding. Tax bases are eroded and purchasing power is limited in 

communities and therefore, densely populated cities are not interested in light pollution 

initiatives. The manager has this impression because large urban centres appear to be resigned 

that the overly illuminated night sky is a consequence of life in the city and feel complacent. The 
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IDA has more success with smaller communities and individual residents who are involved in 

the political process. As for the larger scale cities, it could take generations to consider dark sky 

policies and lighting. 

To a municipal audience, the reduction of operating costs is typically of interest regarding 

lighting. To address cost reduction and energy savings, communities are converting lights to 

LEDs and the IDA program manager is appealing to get cities to go beyond this idea and 

consider reducing the level of lighting in a municipality. Light reduction is a topic that needs to 

be carefully presented and the IDA does not want to appear as an organization that asks cities to 

turn their lights off completely. The concern is that cities worldwide are simply over lit and use 

more light than necessary. This is because municipalities want to guarantee public safety and 

human psychology causes people to fear darkness because it is believed that bright light 

discourages criminal behaviour. However, there is no evidence that supports this notion as cities 

respond to residents concerns and install more lights to ensure public safety because 

municipalities fear repercussions if lighting is removed or dimmed in certain areas where there is 

no practical need for a large amount of lighting. The IDA attempts to influence this idea by 

providing people with accurate research information and presents examples where lighting 

changes have been positive, such as IDA dark sky communities. The IDA’s goal is energy 

savings and cost reduction while providing public safety. It is about installing lighting properly 

in a city rather than creating excess light. Mindfully and correctly retrofitting lights can enhance 

public safety because research suggests that overly bright lights can cause traffic safety problems 

with pedestrians and motorists because the overly illuminated lights cause glare. If cities 

installed their lighting properly and set it at the correct level, even as the lighting industry 

recommends, cities would find they need less light to meet their lighting criteria. The effects that 
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are associated with that is energy reduction, lowering the impacts of climate change, emission 

reduction, and protecting ecosystems, wildlife, human health, and the night sky. Proper light 

installation allows people to live in a city where resources are being used appropriately and not 

wasted. Smaller sized communities that change their lighting, can have enough of an impact that 

sky glow is reduced and the Milky Way can be viewed. The best example of a city with effective 

lighting is Flagstaff, Arizona. Flagstaff has a population of approximately 70,000 people and 

from the downtown core of the city and provided a person stands in the shadow of a building, the 

night sky and the Milky Way can be seen. For a rapidly growing city like Flagstaff, this is 

astonishing and is evidence that appropriately lighting a city brings the promised benefits. 

It may not be possible to recreate the success of Flagstaff in other cities because the IDA 

program manager stated that Flagstaff has an unusual set of circumstances that would be unlikely 

to be repeated elsewhere.  This is because the City of Flagstaff had an awareness of light 

pollution that began early and enacted a lighting ordinance in 1958 due to the two major 

astronomical observatories located around the city. Astronomy is an important contributor to 

Flagstaff’s economy so it was evident early on that lighting mattered. Flagstaff became the 

world’s first International Dark Sky City in 2001, however, the city did not have to retrofit their 

streetlights because they already had employed good lighting practices for several decades. 

When other cities apply for dark sky designation, it is difficult because there is no lighting 

ordinance in place or it is weak and lights need to be retrofitted based on a certain timeline. The 

weak link in policy is the lighting ordinance as it is easy to obtain city council approval because 

of interest and excitement in the endeavour, but the challenge is when the lighting policy comes 

into force. There are lighting codes that allow for non-conforming lights that have been used in 

the past and if a business or land developer does not want to change then it creates a problem.  
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The ideal situation is if a municipality lives up to their value as being a dark sky 

community and that is what sets dark sky communities apart from other cities, being willing to 

enforce the lighting policies. The most effective way to administer these policies is to involve the 

resident base from the beginning and to create a shared community value. This is will assist with 

having the lighting policy remain. The hearts and minds of people need to be changed or else the 

lighting changes may be unsuccessful. For example, the IDA program manager has been asked 

why large urban centres are not involving themselves with dark sky efforts and the response was 

that it is not about the having a pristine dark sky, it is about the way the city conducts itself and 

its level of commitment to lighting, the largest urban centres in the world can become dark sky if 

desired.  

Crime and safety concerns were discussed and the program manager stated that the IDA’s 

goal did not involve removing lights but to change the way cities use light. There are legitimate 

reasons for night time lighting, but the public needs to revaluate what their relationship is to 

light. Studies the IDA has about crime and safety are not extensive because research is 

challenging to locate and it is difficult to control the research variables. This issue in literature 

suggests a couple of things. For instance, to light places that were not previously lit at night does 

not seem to have an impact on crime and the IDA believes most crime happens during the day 

like property theft. An empty lit area at night can aid a perpetrator. If a parking lot is over lit, it 

can reduce safety for those who are walking back to their vehicle as excess light creates dark 

shadows where a person can hide.  
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Figure	  18.1	  LED	  Mall	  Parking	  Lot	  on	  Vancouver	  Island,	  British	  Columbia.	  

If	  a	  parking	  lot	  is	  overly	  lit,	  it	  reduces	  safety	  for	  the	  people	  who	  are	  walking	  back	  to	  their	  car	  

because	  too	  much	  lighting	  creates	  dark	  shadows	  where	  a	  person	  can	  hide.	  There	  is	  a	  general	  

perception	  that	  a	  brightly	  lit	  space	  is	  safer	  but	  that	  idea	  is	  not	  necessarily	  true.	  Bright	  lights	  

create	  glare	  which	  causes	  the	  eye	  to	  constrict,	  limit	  depth	  of	  field,	  and	  reduces	  the	  contrast	  

between	  lit	  and	  unlit	  objects	  (Interview	  with	  the	  IDA).	  

(Image: Arrowsmith Media) 

 LED lighting is a contentious issue in municipalities and the program manager identified 

that the main issue with LEDs is policy and the demand for the lighting industry to manufacture 

improved products. LEDs can be complicated because they have many useful properties such as 

energy efficiency, directional lighting, and use less lighting compared to old lighting systems. 
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However, cities are unaware that less lighting is needed when the conversion begins from an old 

lighting system to LED. Cities are replacing lumen for lumen rather than lowering the light level 

since the light is now LED. Therefore, cities are over lighting spaces compared to the previous 

lighting system. LEDs are fairly rich in blue and white light sources and have a cool white 

characteristic. If there is a ray of light from an LED lighting fixture at a downward angle, the 

atmosphere scatters blue light into the sky before it reaches the ground. The cities that choose the 

blue white temperature LED will notice that sky glow becomes worse even if the lumens are 

matched correctly when converting to LED.  

Tucson, Arizona is undergoing a transition from High Pressure Sodium (HPS) lights to 

3000 kelvin white LED lights. The IDA program manager has made measurements between the 

new and old lighting systems in Tucson. What makes the conversion different in Tucson is 

deliberately lowering the brightness of the new LEDs since they show 1/4th of the brightness that 

exists in sodium lighting systems. For example, when the manager viewed the lights from the 

roadway, the LED appears to be the same as the sodium lights, therefore, it is possible to reduce 

the light currently being used by converting to LEDs. In addition, city residents may not be able 

to discern between the lights that have been changed other than the colour shift. Residents will 

be unlikely to notice that the street is not as brightly illuminated as before and this is the practice 

that the IDA needs to promote for cities before lighting system conversions. Cities can reduce 

overall light emissions and reduce the amount of electricity being used by lowering lighting 

levels.  

The manager stated that the American Medical Association (AMA) recently released a 

report that identified cool white LEDs as a potential human health risk. This report has made its 

way into the decision making of some municipalities, the most recent example being in Phoenix, 
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Arizona. The City of Phoenix committed to replace 100,000 streetlights with 2700 kelvin white 

LED lights. The city council cited the AMA report as a reason why Phoenix chose the warmer 

temperature LED lights. The advice the IDA is suggesting to cities is to choose the warmest LED 

lighting possible and to consider lowering the overall intensity of the LED or use dimming 

features which were once unavailable in older lighting systems. The dimming feature is used by 

turning lights down after 9 or 10 pm at night which reduces the lighting level to a fraction and in 

the morning, the lighting level can go back to normal. The effect of dimming the light is 

reducing less blue light which can help prevent issues with human health, wildlife, the 

environment, and the night sky. LEDs show a lot of promise but are associated with various 

challenges, fortunately, cities can achieve the benefits and cost savings while reducing light 

pollution at the same time.  

To find effective LEDs, it was suggested to visit the IDA website. The IDA has a 

program that collaborates with manufacturers and if a manufacturer meets the IDA criteria list 

which includes colour temperature (not past 3000 kelvin) and full shielding, the IDA’s logo and 

service mark on their packaging can be used. In addition, the manufacturer is added to the IDA’s 

online searchable database. This means that if a city manager wanted a warm LED lighting 

product they can search ‘roadway lighting’ and view several manufacturers who meet the criteria 

they desired. It was not until recently that warm LED lights had good energy efficiency and that 

is why there is the belief that cool white LEDs only provide energy and cost savings. The other 

objection to warm LEDs is regarding their colour rendering properties as it is important for law 

enforcement to properly distinguish colours. Currently, warm LEDs provide the same efficiency 

and colour rendering properties and the price of warm LED lights is falling rapidly due to 

increased demand. The overall message to municipal officials is that there are now more choices 



SAVING	  THE	  STARRY	  NIGHT:	  WHAT	  CITIES	  NEED	  TO	  KNOW	  ABOUT	  LIGHT	  POLLUTION	  

	  
72	  

than ever, prices are dropping, and that all the characteristics of white LEDs can be found in 

warmer temperature LEDs. The IDA program manager states that it is important for cities to 

conduct research when deciding on the best possible choice since lighting can impact a 

community for 20-30 years. 

Lance Diskan from the Flagstaff Dark Skies Coalition was interviewed and shared that 

there are three observatories located in Flagstaff, Arizona. Lance met with the observatories to 

determine how to protect dark skies. The response was that a community organization could be 

formed to support dark skies. At this time, Flagstaff was a world leader surrounding light 

pollution initiatives and had the first light pollution control ordinance in the world in the 1950’s. 

There has always been a relationship between the observatories and the city, and the local 

government in Flagstaff was receptive to the astronomers, so if there was a concern or issue as 

had been the case in the 1950’s, the city council would take steps to address those concerns. As 

Flagstaff began to the grow, the dynamic changed. Commercial interests argued that light 

pollution control actions by the city council were self serving and this caused a significant 

change between Flagstaff and its policies to protect dark skies. Astronomers recommended to 

Lance that an organization of non astronomers could be supportive and take initiative for 

protecting dark skies and this established the Flagstaff Dark Skies Coalition (FDSC).  

Due to the observatories in Flagstaff, low pressure sodium (LPS) lights were installed city wide 

and LPS has a yellow amber light spectrum and this spectrum was chosen because this type of 

lighting prevents damage to the nearby observatories.  
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Figure	  19.1	  Dominion	  Astrophysical	  Observatory	  in	  Victoria,	  British	  Columbia.	  

Observatories	  require	  low	  pressure	  sodium	  (LPS)	  lights	  because	  of	  their	  yellow	  amber	  spectrum	  

as	  this	  form	  of	  lighting	  prevents	  damage	  to	  observatories	  (FDSC,	  2017).	  

 (Image: Arrowsmith Media) 

	  
When LEDs came to prominence, Flagstaff resisted them. Lance stated that LEDs can 

increase efficiency and reduce capital and therefore it is appealing to municipalities because it 

saves tax dollars. The benefits of LEDs can cause negative consequences. For instance, full 

spectrum white light LEDs are damaging to the night sky and when the lighting industry 

contacted Flagstaff about converting to LEDs, the city decided against it. Flagstaff came to the 

conclusion that although LEDs would cost the municipality less money, the lighting would 

obliterate dark skies and many municipalities do not take into consideration the positives and 



SAVING	  THE	  STARRY	  NIGHT:	  WHAT	  CITIES	  NEED	  TO	  KNOW	  ABOUT	  LIGHT	  POLLUTION	  

	  
74	  

negatives of LED lighting when replacing old lighting technology. Lance visited two cities in 

Marin Country which is located north of San Francisco. Marin Country is known as a 

progressive politically green area and when LED lighting was first introduced, this area was first 

to be environmentally responsible and chose LEDs. The residents were unhappy with the change 

from the soft warm lighting to the cool LEDs and this proved that moving too far ahead with 

LED lighting can have negative repercussions. Flagstaff was able to discover the downside of 

LED technology quickly due to the technical experts that reside in the city.     

  The FDSC aspired to convince the lighting industry to produce a night sky friendly amber 

LED. The lighting industry argued and stated that that full spectrum white light LEDs were the 

only type available and would be beneficial because of the cost. Flagstaff resisted and responded 

by discussing that they did not disapprove entirely of LEDs but had a priority to protect the night 

sky. If the lighting industry was to manufacture a dark sky friendly product, Flagstaff would 

purchase it and assist in marketing it to cities who face the same dilemma. The lighting industry 

said it is not possible to create a dark sky friendly light and suggested using a filter on the full 

spectrum LED lights. However, the Museum of Northern Arizona found an amber LED in 

Europe and installed it as a demonstration project as a light that reduces costs while preserving 

dark skies. For public outreach and education about dark skies and light pollution, the FDSC has 

a Facebook page and website which provides information about dark sky movements and 

scientific data. The FDSC had a star party that three thousand people attended over three nights. 

This implies that people know and care about lighting and when the FDSC approaches policy 

makers, this proves that people value the dark sky. Communities have multiple values such as 

economics and growth and dark skies is a shared value and priority in Flagstaff.  
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The interview with the FDSC stressed the importance of culture and the night sky. 

Around the world and throughout time, people have had a relationship with the night and it is 

imperative to explaining human life. The stars were used as a guide and part of creation stories 

and myths. If the night sky is eliminated, it is detrimental and people often believe they are 

separate or better from nature. Humanity thinks the night is unnecessary because it is non 

commercial and does not provide money or improve progress. However, darkness is needed for 

the health of humans, animals and the lifecycle of plant and the night should not be viewed as an 

empty dead space when people are asleep. Lance shared a couple of personal stories about the 

lack of connection with people and the night sky. The first story was about South Korea when 

they came to the FDSC for consultation. South Korea wanted to be a larger economic power and 

decided to convert to a 24/7 economy, however, it created many detrimental social impacts like 

increased crime and divorce rates. The second story was about the train that passes through 

Flagstaff from Chicago to Los Angeles and it stops for 15 minutes in Flagstaff. People leave the 

train and gaze up at the sky and are surprised by the starry sky. Lance mentioned that 

approximately 85% of the United States cannot observe the Milky Way and if people are unable 

to view the stars and see deep into space, there is a lost sense of perspective. Viewing the night 

sky should not be an extra luxury as it an important part of life on Earth. 

In essence, the FDSC works with municipalities worldwide to provide advice, to 

understand the downside and upside of lighting, and to suggest different lighting options. LEDs 

are becoming a universal concern in municipalities and it is important to recognize that not all 

LED lighting is positive. It is common for local governments to simplify this issue when in 

actuality it is complex. If an incorrect lighting decision occurs, it may cost municipalities 

additional money in the future to retrofit the lighting when correct decisions can be happening 



SAVING	  THE	  STARRY	  NIGHT:	  WHAT	  CITIES	  NEED	  TO	  KNOW	  ABOUT	  LIGHT	  POLLUTION	  

	  
76	  

now. Responsible policy decision making is recommended as quickly as possible and all 

considerations of lighting should be valued such as human health and wildlife.  
 

	  
Figure	  20.1	  View	  of	  the	  Milky	  Way	  from	  Kennedy	  Lake,	  British	  Columbia.	  

Approximately	  85%	  of	  the	  United	  States	  cannot	  observe	  the	  Milky	  Way.	  If	  people	  cannot	  

observe	  the	  stars	  and	  see	  deep	  into	  space,	  there	  is	  a	  lost	  sense	  of	  perspective	  (FDSC,	  2017).	  

 (Image: Arrowsmith Media) 

Dark Sky Sites 
	  

Five communities that have designated dark sky sites based on the Royal Astronomical 

Society of Canada (RASC) and International Dark Sky Association (IDA) were interviewed to 

learn more information about the creation of the dark sky sites in their community. The first 

interview was with Mont Megantic which is an IDA Dark Sky Reserve (DSR) in Quebec. Mont 
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Megantic has the third largest observatory used for scientific purpose in Canada. In 1996, the 

astrolab in this observatory opened and an astrolab is astronomy activity centre with the goal of 

making science accessible and incorporates astronomy, geology, biology, and ecology. A 

scientific report from the astrolab, showed an increase in light pollution and this set the precedent 

to ensure the astrolab and National Park were not impacted by light pollution and that a Dark 

Sky Reserve should be created to protect the night sky.  The initiative to become a Dark Sky 

Reserve started in 2003 and received official designation in 2007. The expense of the entire 

project was approximately $1.5 million, with the majority of funding attributed to the project 

staff and the director of the park. There were significant costs for converting the lights to dark 

sky compliant lighting which resulted in changing over 3000 light fixtures 25 kilometres around 

the park. 

 Mont Megantic has not noticed an increase in crime since the Dark Sky Reserve was 

designated, the response was that crime because of reduced lighting is a matter of perception. 

Studies have shown that there is not a direct link between installing more or less lighting and an 

increase in accidents or criminal activity. Some studies have shown a decrease in crime when a 

space has a lot of lighting. Lighting provides a sense of perceived security and there is a common 

fear to be afraid of the dark. In some circumstances, it is the reverse effect, such as if light is 

reduced, there can be less vandalism and crime.  

 One question that was asked was about what the lessons learned were for designating this 

site as a Dark Sky Reserve. The response was that if another park was created, a lot of effort 

would be necessary.  For instance, staff would need to be in charge of the site and bylaws must 

be up to date. A dark sky site cannot be designated with the expectation that it will remain the 

same as effort will always be required for improved lighting efficiency and bylaws.  
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 Jasper, Alberta was interviewed about their experience becoming a Dark Sky Preserve 

(DSP) in 2011. Jasper has a unique governing process as the community is located in a National 

Park and for numerous years this municipality was governed by the federal government. The 

Town of Jasper became a specialized municipality in 2001 due to community complaints which 

meant that it would not operate like other local governments since Parks Canada retains authority 

over land use, development, and environmental issues. A nearby town was once run similarly to 

Jasper but it resulted in the town being overdeveloped and Parks Canada decided they did not 

want to lose their authority over a town that is located within a National Park again. 

 The Dark Sky Preserve in Jasper National Park was initiated through Parks Canada as 

they believed it would be perfect in this municipality. Furthermore, Parks Canada and the town 

thought it would be beneficial to educate people about dark skies and protect night ecology. The 

tourism industry saw potential for having a Dark Sky Preserve as a way to bring people to the 

town through experiential tourism where people can learn about nature and wildlife. There has 

been a lot of effort put into Jasper’s tourism industry to attract people to the Dark Sky Preserve 

such as the annual dark sky festival in October. 
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Figure	  21.1	  Example	  of	  Stargazing	  Through	  a	  Telescope.	  

The	  Town	  of	  Jasper	  has	  put	  forth	  a	  lot	  of	  effort	  into	  increasing	  tourism	  in	  their	  community.	  Each	  

year,	  the	  Dark	  Sky	  Festival	  occurs	  which	  includes	  sidewalk	  astronomy	  where	  telescopes	  are	  

placed	  on	  the	  city	  streets.	  

 (Image: Arrowsmith Media) 

 In regards to the designation process, the application was placed through the Royal 

Astronomical Society of Canada and took approximately one year. There were some 

commitments that were necessary beyond what other Dark Sky Preserves required due to the fact 
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that Dark Sky Preserves typically do not have towns located within them. Jasper had to commit 

towards the principles of efficient lighting and assist residents and businesses in the same effort.  

 The municipality was questioned about changing the lighting system in Jasper. The 

response was that currently minimal progress has occurred in retrofitting lighting as it is difficult 

for the town to find dark sky street lighting. The current trend in many municipalities is to phase 

out and replace street lights with LEDs which is useful for energy efficiency but the current 

LEDs have a high temperature and are not dark sky friendly. At this moment, the street lights in 

the town are high pressure sodium (HPS) which is not ideal for energy efficiency, but they are an 

amber coloured light rather than a white light which is appropriate for a dark sky area. The 

interviewed participant discussed that many cities are retrofitting their lighting to high 

temperature LED lights which have negative consequences for human health and nocturnal 

animals. These type of LED lights create a significant amount of glare and light trespass which 

reduces visibility. Jasper is finding it challenging to retrofit their streetlights because the lighting 

models that are currently available are not compliant with the dark sky guidelines and cannot be 

approved for use in a Dark Sky Preserve. It is difficult for this community because they do not 

want to replace the lights if they will not be approved for a dark sky site. Other issues include 

encouraging residents and business owners to switch their lights to be compliant with dark sky 

lighting standards and Jasper is unable to write a bylaw that dictates residential lighting because 

the municipality does not have authority over development since it is controlled through Parks 

Canada. Parks Canada does not have bylaws but has National Park Regulations which are passed 

through parliament which often requires a long waiting period and therefore it is challenging to 

have these regulations approved and in place.  To compromise for the absence of lighting 
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bylaws, Jasper uses a voluntary approach that educates community members about dark sky 

lighting, and offers lighting rebates as an incentive for residents to change their lighting. 

 

 

	  
Figure	  22.1	  Map	  of	  Dark	  Sky	  Preserves	  Across	  Canada.	  

(Image: Canadian Geographic) 

 

A question that was asked was if the municipality received opposition from residents 

during the process of becoming a Dark Sky Preserve.  The response was that the town was 

supportive of this initiative and the city staff member further explained that the people who live 

in Jasper love the natural beauty and fully support environmental initiatives. No community 

member has been obligated to change their lighting through policy, instead change has been 

voluntary. If community members were required to change their lighting and it came at their own 
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expense, the town would receive major opposition. As mentioned previously, the plan is to offer 

rebates, education, and promotion to address this issue and The Royal Astronomical Society of 

Canada has requested that the town retrofit their lighting but did not place a strict timeline on this 

initiative.  

Another interview was with the first Canadian International Dark Sky City in the town of 

Bon Accord, Alberta which was designated by the IDA in 2015. Bon Accord was asked why the 

town decided to become an official International Dark Sky City and the response was that the 

decision to undertake this initiative was to provide the town with a specific niche to attract 

people, residents, and growth in the area. A Dark Sky City creates a unique type of tourist 

attraction and an economic development generator. Dark sky designation provides a reason for 

people to visit Bon Accord as dark sky designations are primarily in reserves and parks and it is 

rare for cities to be dark sky. The difference between the designation being in a city compared to 

a park, is that a park is controlled by provincial or federal jurisdiction and a dark sky city 

requires community support through policies, bylaws, and public education.  

 Bon Accord became a Dark Sky City by following the International Dark Sky 

Association’s criteria. To meet these requirements, there is a follow up on what the community 

has accomplished since the initial application last year.  Over the past year, Bon Accord has 

updated policies, bylaws, and developed a grant for residents who apply for dark sky lighting. If 

residents switch their lighting to dark sky lighting, they receive a 50% matching grant funding 

financial incentive. In addition, to keep the dark sky designation, ongoing maintenance such as 

monthly monitoring of light emissions is necessary.  

 The council and city staff were supportive of this endeavour and voted unanimously to 

pass the designation and to develop a dark sky bylaw. Before the bylaw was passed, the public 
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would have received preliminary information about the bylaw through educational materials like 

newsletters and social media. Now that the bylaw is created, there is a grace period for residents 

to change their lighting to be dark sky compliant. There is not enough capital available to make 

these changes quickly so the bylaw will allow a few years to pass before these alterations must 

be in effect and the lighting bylaw does not primarily apply only to residential areas; it impacts 

commercial businesses too. 

 Bon Accord was questioned about safety and crime since becoming a Dark Sky City. The 

town was not certain if crime would increase because the lights in the town do not reduce 

illumination but rather work within the lighting spectrum. White lights are mandatory to be 

retrofitted because of the impact on human health and wildlife. Changing to red spectrum lights 

prevent contamination of light into the sky. The goal is not to turn lights off, but to reduce the 

amount of illumination that goes into the night sky. Lastly, Bon Accord stated that there have 

been no linkages that have been discovered regarding dark sky lighting and crime and suggested 

that the public needs to be further educated about crime and safety. 

 The final dark sky site that was interviewed was Cattle Point Park which is an Urban Star 

Park in Oak Bay, British Columbia. The person who was interviewed played a key role in the 

designation process. Cattle Point Urban Star Park was designated in 2013 and became Canada’s 

second Urban Star Park designated by the Royal Astronomical Society of Canada. The first 

question was about security and crime issues at Cattle Point Park. The interviewed participant 

stated that there was minimal to no concern from the municipality of Oak Bay because Cattle 

Point is part of a park close to a busy roadway that is used by tourists and locals for biking and 

walking and the Oak Bay police drive by the area regularly, especially if there is a special event. 

The local astronomers have used Cattle Point for setting up telescopes and to inform the 
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community of Oak Bay what is happening at the Park. There have been no special concerns and 

there is no permanent set-up of telescopes other than signage at the park which is the only target 

for vandalism. 

 Since designation, there has been no evidence of an increase in crime or additional use of 

the park. In the summer, Cattle Point is occupied more regularly and the park hosts astronomy 

events. A common issue of concern with dark sky sites is the 24/7 access. The participant 

discussed that allowing 24/7 access of the park was not of concern with city council and that the 

only issue raised was about adequate parking. When asked about council support, it was 

mentioned that the council readily accepted the idea and aspired for Cattle Point Park to become 

a dark sky site 15 years prior to its designation. For instance, 15 years ago the council was 

approached about setting up an Urban Star Park and the council made lighting changes to 

accommodate a darker sky and a more favourable viewing site for local astronomers. This idea 

has spread through Oak Bay and one year after designation, the council has reduced lighting and 

has a general awareness about the hazards associated with artificial outdoor lighting. No official 

bylaw was drafted for the park because the municipality of Oak Bay had already protected Cattle 

Point as a place with endangered native plant species. The community is proud of this effort of 

maintaining the ecosystem in this area, so the USP designation additionally strengthened this 

ecological aspect. 

 In regards to lighting, there has been no retrofitting of any lighting fixtures at the park. 

Other than the boat landing and the road leading into the park, there are few streetlights at Cattle 

Point. In the future, the RASC might approach Oak Bay and request that they improve their 

lights since they are brighter than necessary or could be on motion timer sensors. The participant 

believes that it is unnecessary to have any lights in the park but believes that if it is required, Oak 
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Bay would be willing to consider lighting changes. Another question that was asked was if the 

lighting was modified in the residential area near the park to be dark sky friendly. The response 

was that lighting did not change because the park is surrounded by trees. The residential area 

resists changes from Oak Bay council and the heavily treed nature of the site and design of the 

roads lessens the impact of residential lighting. Cattle Point is an appropriate site because it is 

located on a prominent point that projects out on the coast line which puts water around more 

than half of the area and makes the park dark to the northeast direction.  

When Cattle Point received designation, no fees were required except for park signage. 

Budgeting for an Urban Star Park is not the challenge but rather finding an adequate site, having 

a strong proposal, and creating a wide scale plan for the USP. The sign for the park was a kiosk 

plaque and was the largest expense for the USP because a professional illustrator created the 

design. This illustration is beneficial because it provides an explanation about the ecological and 

environmental importance of a USP and states that the USP is not primarily intended for 

astronomical observation only.  The plaque provides a section of information about the 

importance of controlling light at night and provides sky charts of what astronomical 

observations can be viewed from Cattle Point. Cattle Point has become a tourism destination 

since becoming an Urban Star Park and publicized events are on the tourism bureau handouts 

and bus tours around the coast stop at the park. 
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Figure	  23.1	  Information	  Kiosk	  at	  Cattle	  Point	  Urban	  Star	  Park	  in	  Oak	  Bay,	  British	  Columbia.	  

The	  kiosk	  provides	  an	  explanation	  about	  the	  ecological	  and	  environmental	  importance	  of	  an	  

USP	  and	  emphasizes	  that	  it	  is	  not	  primarily	  for	  astronomical	  observations.	  The	  plaque	  provides	  a	  

section	  about	  the	  importance	  of	  controlling	  light	  at	  night	  and	  provides	  sky	  charts	  of	  what	  

astronomical	  observations	  can	  be	  viewed	  from	  Cattle	  Point.	  

 (Image: RASC Victoria) 
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Chapter 5: Discussion 
	  

  

Key Findings 
	  

The findings from this research suggest that urban lighting and reducing light pollution is 

an emerging issue that has not been fully addressed. Based on the interviews with the city 

planners, engineers, city staff and officials, experts, and dark sky places, it appears that artificial 

lighting is having impacts on many different facets in cities such as the environment, human 

health, wildlife, and energy costs. Furthermore, there appears to be a disconnect between local 

government departments such as a planning and engineering and current research regarding light 

pollution.  

The findings from the city planners suggest that there are limited tools that are available 

to assist in reducing light pollution such as Official Community Plans, Development Permit 

Guidelines with specific mention of form and character guidelines, and neighbourhood plans. 

Some planners stated that their municipality is in the process of upgrading their LEDs, 

considering using full cut-off lighting fixtures, and creating dark sky policies.  Another main area 

of concern was that a reduction in lighting would pose crime and safety issues and interfere with 

Crime Prevention Through Environmental Design (CPTED) criteria. In addition, municipalities 

stated that dark sky lighting can interfere with existing policies and that lighting is not a 

significant priority for many local governments as there are other concerning issues that require 

attention first.  

The information from the engineers identified what type of methods can be used to 

reduce light pollution. Some suggestions included changing lighting standards through fixture 

design. It was mentioned that it is effective to choose LEDs based on a specific rating which 
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examines how much light is being projected into the night sky. Lastly, directional lighting 

reduces light pollution, as well as the elimination of old lighting fixtures. An issue that has arisen 

throughout this project is with LED lights. A common theme amongst engineers was the 

conversion from High Pressure Sodium Lights (HPS) to LEDs. Municipalities have been testing 

LEDs to determine the best temperature (warm or cool) and some engineers stated that when the 

switch was made to the heavily illuminated cool LED lights, there were public grievances which 

prompted investigations into adaptive lighting such as light dimmers and changes in colour 

temperature. Budgeting for new lighting was an area of concern and the responses were varied. 

Some municipalities budgeted for replacing lighting fixtures and other cities did not have the 

financial ability or had to slowly replace fixtures. Similar to the city planners, crime and safety 

and disruption of CPTED guidelines were discussed.  

The findings from the experts and dark sky sites noted that light pollution is a relatively 

new topic and subject of concern. LED technology is rapidly changing and North America 

appears to be preoccupied with efficiency rather than utilizing lighting for other reasons such 

aesthetic design. LEDs are a contentious issue as many energy efficient LEDs have negative 

consequences on the environment and human health and there is a limited amount of education 

for municipalities to choose different types of LEDs such as warmer temperature versus cooler 

temperature. The ongoing issue that has been mentioned again is of crime and safety concerns. 

The experts differ from the engineers and planners and state that crime and safety is a perception 

and it is difficult to make correlations between crime, safety and lighting. The experts state that 

the night sky has important health and environmental benefits that need to be protected and that 

the night sky is of intangible value. It could be beneficial to raise public awareness and have 

public support in regards to light pollution. The main findings from the dark sky site interviews 
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found that dark sky sites require on-going maintenance efforts and need public support. The 

biggest barrier to dark sky sites is finding an appropriate location, retrofitting the lighting, and 

receiving concerns about crime and safety.  

The main findings of this project conclude that there is a need for increased information 

that local governments and the public can use to educate themselves about light pollution and 

dark sky friendly outdoor lighting practices. It would be useful to create unity and understanding 

between city planners, engineers, and dark sky experts to develop improved dark sky policies 

and share knowledge about best case practice artificial lighting and light pollution. There is 

concern about municipalities changing from High Pressure Sodium (HPS) lights to Light 

Emitting Diode (LED) lights such as lighting temperature and financial considerations and 

additional information about selecting the correct LED and discussions with dark sky groups or 

other local governments would be optimal. LEDs coincide with concerns about light pollution 

and crime and safety. A common theme that emerged was that implementing dark sky policies 

interferes with other policies such as design guidelines like form and character, heritage 

standards, and Crime Prevention Through Environmental Design (CPTED). In conclusion, 

lighting has the ability to impact the quality of the night sky, human health, the environment, 

energy efficiency, and can reduce costs in local governments if done correctly. Understanding 

the effects of light pollution and knowing ways to reduce it in municipalities can create positive 

change in a multitude of ways and raise public awareness for years to come. 

 
Contributions to Current Literature 
	  

 

The findings from this research contribute to the knowledge of this topic and current 

literature because it can be used to inform local governments about the practices municipalities 
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are using to reduce light pollution, provide information about LED lighting, showcase the effects 

of exterior artificial lighting in different capacities such as the night sky, human health, and the 

environment, and offer knowledge from dark sky sites and experts on this topic to inform local 

government policies and decision making. Based on the responses from the interviewed 

participants, there is limited research about reducing light pollution at a local government level. 

Municipalities are converting to LED lights but many challenges can be associated with 

switching from HPS to LED.  The International Dark Sky Association (IDA) states that LEDs 

are changing the way cities are illuminated and offer the chance to drastically improve energy 

efficiency and outdoor lighting (2016). However, with these changes comes the responsibility of 

local governments to manage LED lights (International Dark Sky Association, n.d.).  The 

outcome of LEDs weighs heavily on policy makers and the general public being aware of LED 

lighting (International Dark Sky Association, n.d.). The IDA created a guiding document to 

provide lighting designers, public officials, and planners with information when selecting LED 

lights in terms of what current choices are available and what repercussions are associated with 

LEDs (International Dark Sky Association, n.d.). The document shows that while LEDs are 

energy efficient, if they fail to be carefully installed and understood by local governments, 

problems can occur. For instance, cool temperature white LED lights are typically associated 

with high levels of blue light which is connected with a variety of visibility, environmental, and 

health problems (International Dark Sky Association, n.d.). Additionally, blue light is increasing 

sky glow and when municipalities convert to 4000 kelvin LED lights, it can create a 2.5% 

increase in light pollution (International Dark Sky Association, n.d.).  

Information from the interviews stated that LED lighting is replacing old lighting systems 

due to energy reduction and financial savings. The IDA recommends choosing fully shielded 
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lighting fixtures, using warmer LEDs to reduce blue light, selecting products with adaptive 

controls like dimmers, avoidance of over lighting, and only lighting the space that is required for 

a specific task (International Dark Sky Association, n.d.). The results from this research 

indicated that LEDs are becoming the light of choice that is being installed in cities. Literature 

that examines LEDs from a multifaceted perspective such as environment, health, energy 

efficiency, suggest that LEDs should be carefully selected and local governments must be 

knowledgeable about LEDs because they have the ability to transform cities in a positive or 

negative way. 

When municipalities were interviewed about reducing light pollution, a common issue 

that arose was about conflicting policies with Crime Prevention Through Environmental Design 

(CPTED). CPTED is defined “as a multi-disciplinary approach to deterring criminal behaviour 

through environmental design. CPTED strategies rely upon the ability to influence offender 

decisions that precede criminal acts by affecting the built, social, and administrative 

environment” (International CPTED Association, 2016). CPTED believes that adequate lighting 

is mandatory for people to see and to be seen (International CPTED Association, 2016).  

Furthermore, CPTED (2016) states that “lighting that is strategically placed can have a 

substantial impact on reducing fear of crime, a basic level of lighting should allow the 

identification of a face from a distance of about 10 metres for a person with normal vision”.  

Crime Prevention Through Environmental Design Lighting Guidelines 

MINIMUM STANDARDS 

If the area is intended for night time use, lighting should provide adequate visibility. 
Pedestrian walkways, bike lanes and access routes open to public spaces should be lit so that a 
person with normal vision is able to identify a face from a distance of about 10 meters. Inset 

spaces, signs, entrances and exits should be adequately lit. Lighting of different wattage, 
colour temperature and rendition may be used to make certain public areas “less hospitable.”  
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PATHS NOT INTENDED FOR NIGHT TIME USE 

Lighting is not desirable in an isolated area or for a path leading to obscure places. Lighting 
such areas may provide a false sense of confidence for people during the night. 

CONSISTENCY OF LIGHTING 

Lighting should be uniformly spread to reduce contrast between shadows and illuminated 
areas. More fixtures with lower wattage rather than fewer fixtures with higher wattage help 

reduce deep shadows and avoid excessive glare. 
 

DESIGNING FOR NIGHT TIME USE 

Design proposals should take into account the night time use of the outdoor spaces and specify 
the type, placement and intensity of lighting. 

 

PROTECTION OF LIGHTING 

Light fixtures should be protected against casual vandalism by means of vandal resistant 
materials and design. 

 

           PLACEMENT OF LIGHTING 

Lighting should also be directed on roadside pavement and possible entrapment spaces other 
than on roads. Lighting should take into account vegetation, such as mature trees, and other 

obstructions that would cause light to be blocked off. 

 

BUILDING MATERIALS 

Light colour finishes on walls and ceilings should be used for places such as car parks and 
isolated routes leading to it. This may be preferred to using lights of higher intensity that 

consume more energy and are costlier to maintain. 
 

        MAINTENANCE 

Lighting requires maintenance to preserve visibility. Bushes and trees that block off light 
should be trimmed. Lighting fixtures should be located at suitable heights for easy 

maintenance and replacement. Light fixtures should be maintained in a clean condition and 
promptly replaced if burnt or broken. Posting information indicating who to call in case of 

burnout or vandalized lights is desirable. 
 

Table	  3.1	  Crime	  Prevention	  Through	  Environmental	  Design	  (CPTED). 

                                       (Source: International CPTED Association, 2016) 
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When examining CPTED’s lighting guidelines, it appears that the guidelines are 

generalized. The interviews from the planners and engineers stated concern with deviating from 

CPTED’s guidelines. However, reducing lighting in regards to light pollution is not mentioned in 

the guidelines and it would be useful to determine what CPTED lighting policies local 

governments are referencing when installing lighting in their communities. There appears to be a 

disconnect between CPTED guidelines, local governments, and light pollution research that 

needs to be addressed to establish an effective way of lighting that satisfies dark sky lighting and 

safety for local governments.  

Results from the interviews discussed the necessity of improved community education 

and outreach and stressed the value of public support to assist in reducing light pollution by 

requesting municipalities to create policy changes. Evidence based literature suggests that the 

public needs to be educated and “understand the extent of the problem and what has been lost to 

them due to light pollution” (Mizon, 2012). For instance, the community members will only 

place political pressure on local governments if they are aware of what light pollution has 

allowed them to miss such as the night sky (Mizon, 2012).  Without public demands, policies to 

prevent light pollution will happen slowly, as municipal lighting is purchased with tax payer 

dollars and installed by the local government (Mizon, 2012). This states that urban lighting can 

either be installed effectively or ineffectively and evidence determines that administrative 

professionals who are concerned with decreasing light pollution can make a significant impact in 

its reduction, especially if there is positive and persistent pressure from residents (Mizon, 2012). 

For example, various cities in the United Kingdom have drafted light pollution policies and 

included them into their local plans (Mizon, 2012). These policies allow city planners to create 

high quality outdoor lighting by incorporating lighting practices in the approval stage of plans 
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and this is a method to ensure that poor quality lighting will not occur, as it will be stopped 

during the approval stage (Mizon, 2012).  

The Canadian Urban Institute (CUI), published a municipal policy options guide on 

advanced outdoor lighting in 2011. According to the CUI, traffic and street lights are responsible 

for 13% of electricity consumption in a city (Canadian Urban Institute, 2011). The outdoor 

lighting guide examined energy saving lights like LEDs that have timers and motion sensors and 

states that LEDs can be expensive to install and difficult to meet standards and codes (Canadian 

Urban Institute, 2011). 

The CUI discusses that lighting has the ability to enhance safety and security. Lighting 

can make an outdoor space more user friendly and accessible, provide architectural enjoyment 

and improve the quality of public spaces (Canadian Urban Institute, 2011). Based on the 

interview results, there was a concern about lighting and safety, however the CUI discusses that 

lighting for safety is important but should not be the primary determining factor such as lighting 

for community enjoyment.  Another concern brought up from the interviews was budgeting for 

energy efficient lighting. The CUI (2011) mentions that a city’s energy costs are related to the 

type, amount, efficiency, and distribution of lighting fixtures (Canadian Urban Institute, 2011). 

In addition, the CUI mentions the importance of balancing illumination with energy efficiency. 

For instance, certain lights are unnecessary to have on at night and can be reduced through 

adaptive lighting technologies (Canadian Urban Institute, 2011). The interview with the 

International Dark Sky Association (IDA) confirmed this same answer, that lighting is a 

balancing act and should be carefully considered. For example, the IDA stated that lighting can 

be reduced at night if it is not needed and turned on again when necessary.  
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For local governments, specifically planners and engineers, lighting policies have the 

ability to ensure that proper and efficient lighting is correctly installed (Canadian Urban Institute, 

2011). These policies can assist in raising awareness about appropriate lighting practices and 

light pollution reduction in regards to safety, health, and environmental issues which can be 

shared among local government professionals when making decisions about outdoor lighting 

(Canadian Urban Institute, 2011). Additionally, this guidebook discusses the need to address 

public perceptions. Outdoor lighting supports the management of civic issues concerning crime 

prevention, safety, lighting colour, aesthetics, light pollution, and suitable lighting levels 

(Canadian Urban Institute, 2011). It is imperative to acknowledge that while energy efficient 

lighting like LEDs may have greater costs upfront, they have lower lifecycle costing in their 

operation and maintenance (Canadian Urban Institute, 2011). The information from the Canadian 

Urban Institute strongly correlates to the findings from the interviews in this project. 

Specifically, it is significant for local governments and community members to understand that 

various aspects of outdoor lighting work in harmony with issues like safety, crime prevention, 

health and environmental factors, light pollution reduction, and energy efficiency. This literature 

suggests that local residents, municipal governments, and advocacy groups need to work in 

unison to combat the complications that are associated with light pollution and to create high 

quality best case lighting practices in municipalities. 

	  

Contributions to the Field of Planning 
	  

 

This research is in alignment with the broader range of urban planning since lighting 

impacts various aspects in a municipality. The Planning Institute of British Columbia (PIBC) 

states that planning is multidisciplinary field that involves many different facets such as parks 
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and recreation, social policies, heritage planning, urban design, and environmental planning 

(Planning Institute of British Columbia, 2017).   

 

PIBC defines planning as the “scientific, aesthetic, and orderly disposition of land, 
resources, facilities, and services with a view to securing the physical, economic, social 
efficiency, health and wellbeing of urban and rural communities” 
 
                                                                 (Planning Institute of British Columbia, 2017). 1 

 

Understanding exterior artificial lighting encompasses PIBC’s definition of what urban 

planning is, as lighting has the ability to create positive or negative changes depending on how 

lighting is installed.  Outdoor lighting may not be considered of upmost importance when it is 

being installed in cities other than its necessity for visibility and crime reduction and safety 

purposes. The results from this research reveal that lighting is an emerging and essential issue 

that needs to be understood by local governments and community residents if there is any hope 

in creating effective energy efficient lighting and reducing light pollution. Municipal planning 

policies should carefully consider the type and installation of exterior lighting in a city and 

examine it from a holistic perspective to understand the implications of outdoor artificial 

lighting. 

 

Future Research  
  

This project has a variety of different research questions and methods that can be applied 

in the future. One of the research questions that was asked to the planners and engineers was 

what tools were available in the planning profession to reduce light pollution. The results stated 

that there was not an abundance of policies that can be used to combat this issue and if there was, 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  new definition that is currently under development	  
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it may be difficult to create a lighting policy. This is because it may conflict with another 

existing policy or guideline. Future research could examine other cities that have created 

effective lighting policies that have been proven to reduce light pollution in a community. 

Furthermore, it would be beneficial to examine how planning and engineering policies can be 

improved if the policies appear to be limited when making changes. A main finding from the 

results was the disconnect between local governments, the general public, and advocacy groups 

surrounding methods to reduce light pollution. Future research can examine how these groups 

are dependent on each other to install effective lighting and the importance of community 

consultation when making political decisions. This would include increased research on 

municipal outreach and awareness efforts involving outdoor lighting and light pollution.  

Future research on this topic requires understanding of local government operations. 

Results from this project determined that municipalities have other concerning matters in their 

community before considerations to making changes to lighting practices and policy can occur. 

In addition, budgeting for luminaire replacement was mentioned as challenging for local 

governments. It would be useful for future research to examine and understand current 

infrastructure challenges and municipal budgets to determine how much capital is left for 

lighting replacement and what municipal issues take priority instead of lighting. Examining 

beautification, design, and the intrinsic values associated with lighting in an urban environment 

would be beneficial when conducting future research as there are many factors associated with 

lighting that go beyond efficiency and cost savings. Lastly, another form of research would 

include examining case studies of best case lighting practices. The investigation would evaluate 

if there is an exact way to light a city, as each situation is unique and to determine what makes 

lighting in certain cities effective and not others. 
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 Understanding the extent of how political decision makers create dark sky policies and to 

determine the reasons for supporting and implementing these policies, will assist cities in 

receiving support from political staff to reduce light pollution.  Methods that can be pursued on 

this topic can include approaching the research from a quantitative rather than qualitative 

research perspective. Another method that could have been used was incorporating another form 

of data collection such as surveys rather than primarily focusing on interviews. The surveys 

could have provided measurable data.  

 

Results to Inform Policy and Practice 
  

This research can assist with understanding the challenges that are associated with light 

pollution. There is a lack of awareness about the devastating effects of outdoor lighting on areas 

such as human health, the night sky, wildlife, and the environment. This research can provide 

local governments and communities with information to aid in the decision making process when 

developing policies. A wide range of municipalities were interviewed about the current efforts in 

their community to reduce light pollution and this will assist municipalities by providing 

examples from other cities in how to reduce light pollution or give an understanding of how little 

or how much a municipality is focusing on light pollution reduction.  

 Responses from the interviewed participants stated that there was an absence of 

information for local governments to use about lighting. This project will provide knowledge 

from a holistic approach that includes planning, engineering, expert opinion, and learnings from 

dark sky sites. Each group discussed the barriers and benefits they have experienced with light 

pollution and cities can use this data to inform their policies and practice. The participants 

provided their thoughts on LED lighting and the experiences that each interviewed group has had 
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with LEDs can be shared with municipalities to understand the benefits, challenges, and various 

lighting practices associated with LEDs. The message of this project was to raise awareness and 

to understand what practices local governments, advocacy groups, and dark sky sites are 

currently undertaking to reduce light pollution. The guidebook created for this project is meant to 

provide a unique approach to light pollution research because it is from an urban planning 

perspective. The guidebook is to be used for quick information and is user friendly to all 

audiences. 

 

Limitations   

There are a few limitations in this particular research that can be addressed in future 

research. The participants in this study were selected by the primary researcher and 24 

participants were from Canada and 3 were from the United States. Expanding this research with 

an international focus would assist with research validity and provide different perspectives 

outside of North America on this topic. Interviews were the primary method of data collection 

that was utilized and greater results may have occurred if other research tools were tested. 

Participants in each category received the same interview questions which were open ended. 

Some interviews were of longer duration than others and provided additional in depth 

information. Interviews depended on time constraints from the participant. For instance, some 

participants were available to speak for ten minutes and other interviews were one hour. The 

amount of participants in each categorized group was not equal as a higher number of city 

planners spoke about this topic compared to the engineers. The sample size of participants in the 

study makes it difficult to achieve external validity and generalizability of this research. Each 

interview was specific to each person’s experience with light pollution and their local 

government and therefore the results could not be replicated.  
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Summary 
 	  

The purpose of this study was to determine the current realities that local governments, 

dark sky sites, experts, and advocacy groups are making to reduce light pollution. The research 

objectives for this project included: how, and to what extent were local governments working on 

reducing light pollution, what tools and current practices were available to planners and 

engineers to reduce this issue, how was each specific interviewed group (local governments, dark 

sky sites, and dark sky advocacy groups) working to reduce light pollution and what was their 

experiences in doing so. Despite the current research on artificial lighting and light pollution, the 

results showed that there is a disconnect between local governments, the general public, dark sky 

advocacy groups and experts that needs to be addressed to create strong policies and an effective 

level of awareness, if light pollution is going to be reduced in cities. Findings from the interviews 

found that local governments are looking for increased information on this topic and feel that the 

local government tools to reduce light pollution may be limited. The local governments 

interviewed believe that increasing community awareness and achieving community support will 

significantly help this issue.  

The findings from the dark sky advocacy groups, determined that local governments 

appear to be uninformed about best case lighting practices such as installation of LED lighting, 

do not have a strong understanding of the effects of light pollution, and public input and support 

is necessary for a reduction in light pollution as community members can place political pressure 

on local governments to change policies.  Interview results from all participants showed an 

interest and appreciation in this research project as there is limited research on reducing light 

pollution from an urban planning perspective. 
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 This study contributes to the existing literature by investigating the current knowledge 

base of local governments, dark sky sites, experts and advocacy groups in reducing light 

pollution. Future research needs to further explore how dark sky policies can be implemented 

and improved, how to create unison between local governments and dark sky advocates, if there 

is a specific best case lighting practice that is available in cities, and research into understanding 

community engagement and successful methods of raising public knowledge to reduce light 

pollution. Interventions may need to start on a small scale level rather than expecting total 

lighting reformations quickly. It is important to remove the stigma associated with light pollution 

and that its reduction may not entail removing light but rather changing the way people think and 

feel about lighting. To summarize, light pollution is an emerging issue and topic that is 

significantly impacting cities and depending on how municipalities install lighting, it positively 

or negatively influences the night sky, energy costs, environment, and human health. 
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Appendix A.  
 

City Planners Interview Questions 
 

1. What does the term light pollution mean to you? 

2. What current tools are there that exist for planners to reduce light pollution in 
existing and new policies that you know of? 

3. Does your municipality currently make any efforts in regards to minimizing light 
pollution?  

4. What do you think the benefits would be as a planner in regards to reducing 
light pollution? 

5. What would the barriers be as a planner in regards to reducing light pollution? 

6. What branding or positioning do you believe would be the most effective way 
to address light pollution in a municipality? 

7. Would you be open to creating any policies or interventions in your community 
in regards to light pollution?  

8. If so, to what extent?  

9. One form of intervention is the creation of a dark-sky site, for example the Royal 
Astronomical Society of Canada can designate a piece of land in an urban area 
as an Urban Star Park if their guidelines are followed such as specific lighting, 
24/7 access, and a public outreach program about protecting the night sky. 
Would you be open to having a dark-sky site in your community? 

10. Do you think your community would be interested in a dark-sky site? 

11. If so what do you think the biggest challenges would be in implementing a dark-
sky site in your community? 

12.  Do you think it would be beneficial for planners and community members to 
know more information about dark-sky policies for future development, official 
community plans, etc.?  

13. Based on what you know of the publics perception on light pollution, how 
important do you think it is? 

14.  Is there anything else you would like to add on this topic? 
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Appendix B.  
 

Engineers Interview Questions 
 
 

1. What does the word Light Pollution mean to you? 
 

2. Do you see value in changing existing infrastructure to reduce light pollution? 
 

3. What kind of things can be done and/or what are the existing opportunities to 
reduce light pollution? 

 
4. Does your community currently have any current plan in place to retrofit existing 

luminaires to prevent light spill? 
 

5. What are your thoughts on LEDs? 
 

6. Are there any servicing guidelines for luminaire replacement in your community? 
 

7. What benefits/ barriers do you see with light pollution initiatives and changes to 
infrastructure? 

 
8. Do you think the council in your community would be supportive? 

 
9. Would you budget for the replacement of luminaires and infrastructure that cause 

light pollution? Was it difficult to do that? 
 

10. What are your thoughts on lighting and crime/safety? 
 

11.  Do you think a public campaign would be valuable to raise awareness amongst 
community members? 

 
12.  Is there anything else you would like to add on this topic? 
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Appendix C.  
 

Dark Sky Sites Interview Questions 
 
 

1. Why did you decide to become a dark-sky community/USP/ Reserve?  
 

2. How did you become a dark-sky community/USP/Reserve?  
 

3. Who was involved? 
 

4. How long did it take?  
 

5. How has city embraced it? 
 

6. How much did it cost? 
 

7. Was council/city staff supportive? Bylaw changes? 
 

8. Did you have to educate the public? 
 

9. Was there any opposition to this initiative? If so, what? 
 

10. How did you stop the opposition? 
 

11. What are your thoughts on crime/safety? 
  

12. What were the lessons learned? What worked, didn’t work? 
 

13. Is there anything else you would like to add on this topic? 
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Appendix D.  
 

City Staff and Public Officials Interview Questions 
 

1. What efforts is your city currently making? 
 

2. What do you think the public’s current level of knowledge is? 
 

3. What are the benefits to reduce light pollution in your municipality? 
 

4. What are the barriers to reduce light pollution in your municipality? 
 

5. Are you willing to budget in the future for lighting? 
 

6. Do you think it is beneficial to know more information about light pollution in your 
municipality? 

 
7. Is there anything else you would like to add on this topic? 

 
 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  


