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The following information is provided in partial response to Information Request 4.1 received from 
the Review Panel on October 11, 2017 to address IR4.2 to IR4.5. Additional information pertaining 
to IR4.6 to IR4.22 will be provided under separate cover at a later date. Information pertaining to 
IR4.1 and IR4.23 to IR4.58 was provided under separate cover to the Panel dated March 21, 2018 
(CEAR #632). 

LIGHT 

EFFECTS ASSESSMENT 

IR4.2 Predictive light effects modelling 

Rationale: In subsection 6.4.1.3 of the EIS, CN provided a quantitative assessment of light trespass 
at different receptor locations during operations and compared the Project’s predicted light 
trespass to guidelines from the International Commission on Illumination. CN reported that field 
surveys determined baseline ambient light trespass to be zero at eight site locations during summer 
conditions and that sky glow measurements corresponded to a suburban environment. While CN 
did not provide baseline data for wintertime, it stated that light levels would likely be higher in that 
season, because of the greater surface reflectivity due to snow. Given that the guidelines for 
suburban environment are not exceeded, the EIS concluded that the Project would not result in 
an adverse light trespass effects on receptors. A quantitative assessment was not provided for sky 
glow and glare, but CN stated that effects would be controlled by mitigation measures such as 
shielded lighting and landscaping. 

In its submission to the Review Panel on the sufficiency of the EIS, Halton Municipalities (CEAR #549) 
commented that the light meter (Extech EA33) used for the baseline assessment may not have 
been sensitive enough to accurately measure existing ambient illumination levels, and that the EIS 
may therefore have underestimated the effects of the Project lighting. Halton Municipalities also 
requested a quantitative assessment of the predicted future glare and sky glow impact against 
quantified baseline conditions. 

Information Request:  

a) Provide a rationale for using the Extech EA33 light meter to measure baseline conditions. 

b) Explain how winter snow cover could have influenced the results of the baseline survey. 

c) Provide a quantitative assessment of the predicted future glare and sky glow resulting from 
Project lighting. Compare the results against baseline conditions and relevant guidelines 
where appropriate. 

d) Describe the additive effects of light from various sources on receptors (i.e., light trespass, 
glare, and sky glow). 

  

http://www.ceaa.gc.ca/050/documents/p80100/122057E.pdf
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CN Response: 

a) Provide a rationale for using the Extech EA33 light meter to measure baseline conditions 

Two different meters were used to measure existing light conditions. An ‘Extech EA33 EasyView™ 
Light Meter with Memory’ was used to measure existing incident light (light trespass) levels while a 
‘Sky Quality Meter’ (SQM-L) made by Unihedron was used to measure sky brightness (sky glow).  

The EA33 measures light up to 999,900 lux (light intensity, lumens/m2) with a resolution of 0.01 lux. 
This indicates a capacity to read as low as 0.01 lux. Compared to other available similar light meters, 
its resolution is superior, at 0.01 lux; many of the other meters available are stated to have a 
resolution down to only 1 lux or 0.1 lux. The resolution of the EA33 model is thus better for use in 
environments such as the one encountered for this Project during the existing conditions light study.  

The rationale for selection of an appropriate measurement instrument sensitivity begins with 
understanding of the range of criteria against which the values will be compared. This indicates 
the expected values to be measured and required resolution. The criteria for light trespass 
adopted by the Commission Internationale de L’Eclairage (CIE) are based on lux values ranging 
from 0 lux through 25 lux. Further, as provided in the Light TDR (EIS Appendix E.8, Section 4.1.4.1), 
guidance values for interpretation of the EA33 measurement values (light trespass) specific to the 
Project were 1 to 5 lux. Therefore, the use of a meter with a resolution of 0.01 lux is reasonable for 
comparing measured values to the established criteria published by the CIE: a probable range of 
1 to 5 lux, with a possible upset value of up to 25 lux. The meter provides sufficient accuracy of 
readings within the expected bandwidth that is expected to be encountered. 

The EA33 has also been used by Stantec and accepted by regulatory agencies for light 
assessments in other lighting projects across Canada for measurements and comparative studies 
of light trespass and glare.  

A different more sensitive meter was used to assess sky glow. Sky glow measurements were taken 
with a ‘Sky Quality Meter’ (SQM-L) made by Unihedron. The SQM-L measures sky brightness in units 
of magnitude / arcsec2. These common astronomical unit measures for sky quality are 
comparable to engineering unit measures of milli lux. The SQM-L could be considered roughly 1000 
times more sensitive than the Extech EA33, and is necessary for conducting a sky glow assessment. 
The precision or resolution of the SQM-L from specifications is documented as +/- 0.1 mag/arcsec2. 
Reference values from CIE of sky appearance to which we compared readings range from 18.5 
(urban sky) to 21.7 (rural sky) mag/arcsec2.  

The use of this meter for the purpose of the EIS is reasonable based on the instrument resolution, 
the range of anticipated values to be measured, and criteria against which the values are being 
interpreted. 

b) Explain how winter snow cover could have influenced the results of the baseline survey. 

As stated in the Light TDR (EIS Appendix E.8, Section 4.2.3), it is anticipated that the winter 
conditions with snow cover would have a higher existing light level for both sky glow and light 
trespass due to a more reflective ground surface once snow cover is present. During winter 
months, the potential effects of the Project added to a higher existing/background condition 
would constitute a smaller relative change to the background. 
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The data provided in the Light TDR are based on summer conditions (June and August data 
collection). This represents a conservative approach to the assessment, where the Project lighting 
would be considered in contrast to the “darker” ambient conditions. With higher winter light 
conditions, the facility operations and Project-related lighting contribution will be masked by less 
contrast to the existing conditions. 

c) Provide a quantitative assessment of the predicted future glare and sky glow resulting from 
Project lighting. Compare the results against baseline conditions and relevant guidelines 
where appropriate. 

Attachment IR4.2-1: Sky Glow Assessment is a technical memorandum that describes an 
assessment of future sky glow resulting from the existing lighting, project lighting and known future 
lighting. Future developments include planned lighting along Britannia Road: lighting associated 
with the proposed Milton Education Village; the Boyne subdivision north of Britannia Road; and 
the Derry Green Corporate Business Park. These will be implemented independent of the Project. 
It is concluded that the Project lighting will add a small increase to the sky brightness in an area 
already affected by existing urban areas.  

In 2021, the sky quality is expected to be approximately 1% brighter with the Project in place. The 
sky quality values, a representation of sky glow, were measured in 2014, 2018 and are predicted 
for 2021 and 2031 based on knowledge of the projects expected to be implemented in the 
foreseeable future. There are no federal or provincial regulatory limits or criteria for limiting sky glow 
or sky brightness in populated suburban and urban regions with extensive night lighting as 
encountered near the Greater Toronto and Hamilton Area (GTHA).  

Table IR4.2-1, reproduced from Attachment IR4.2-1, provides a summary of the existing sky glow, 
the predicted future sky glow prior to the commencement of the Project in 2021, and the 
predicted future sky glow with the Project in 2021 and with the Project and other future urban 
development (i.e., certain and reasonably foreseeable future projects) in 2031. A lower value of 
sky quality represents a brighter night sky, and indicates increased sky glow over that time period. 

Table IR4.2-1 Summary – Sky Quality Predictions 

Site Measured Sky 
Quality 

2014 
(mag/arcsec2) 

Measured Sky 
Quality 

2018 
(mag/arcsec2) 

Predicted Sky 
Quality 

2021 
(mag/arcsec2) 

Predicted Sky 
Quality 

2021 
With Project 

(mag/arcsec2) 

Predicted Sky 
Quality 
(2031)* 

(mag/arcsec2) 

1 19.34 19.12 18.80 18.62 18.47 -18.32 
2 19.43 19.22 18.90 18.77 18.62 – 18.47 
3 19.4 19.20 18.88 18.74 18.59 – 18.44 
4 19.37 19.11 18.79 18.66 18.51 – 18.36 
5 19.37 19.17 18.85 18.74 18.59 – 18.44 
6 19.31 18.77 18.45 18.30 18.15 – 18.00 
7 19.44 19.05 18.73 18.63 18.48 – 18.33 
8 19.46 18.94 18.62 18.52 18.37 – 18.22 

*=approximation, no detailed plans of future development have yet been identified 
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Future glare from the Project is related to lights which shine directly on a receptor. In this case, it is 
generated by the horizontal component of lighting observed from a receptor sighting toward a 
luminaire. A trespass assessment includes the glare quantification, where glare is the subset of 
trespass that will be horizontally impacting receptors adjacent to the site. Glare can be reduced 
considerably by designing the lighting system to minimize the horizontal part of the lighting from 
the different luminaires at the site.  

The Project will add carefully designed mast mounted lighting to the region. It will be designed for 
down cast lighting, and to specifically minimize the occurrence of any upward cast lighting. By 
selecting luminaires and associated lighting profiles with side shielding and full cut off, and by 
employing the ability to only light the areas requiring site lighting to carry out Project activities safely, 
the Project lighting plan is intended to minimize glare and be as “dark sky friendly” as possible. 

It was concluded that while the Project would add additional background light to the area, there 
would be no adverse light trespass effect on receptors during operation (Light TDR, EIS Appendix E.8). 

Further discussion on the cumulative sky glow effects from the Project in combination with past, 
present and certain and reasonably foreseeable future projects is provided in the response to IR5.4. 
While there is some degradation, based on the measured values of current sky quality 
documented, the known changes already underway to the lighting in the area without the Project, 
the changes associated with the Project, and the expected changes estimated to the year 2031, 
and referring to Figure 1 in the Sky Brightness Nomograph (Attachment IR4.2-1), it will still be possible 
to continue viewing approximately 500 stars on nights with good viewing conditions.  

In arriving at this conclusion, it was assumed that any future night sky viewing would be carried 
out during favorable weather conditions and from a location with shading from glare or trespass, 
with a clear view of the sky. 

d) Describe the additive effects of light from various sources on receptors (i.e., light trespass, 
glare, and sky glow). 

Light trespass, glare and sky glow all can result from illumination. As they can be created from the 
same individual luminaire, they are related but are not directly additive. The following discussion 
illustrates some key differences.  

Light trespass is misdirected or poorly focused light that spills from luminaires to areas where it is not 
required and can be largely addressed through efficient and effective lighting implementation. 
Unnecessary light trespass from overhead lighting could be perceived at neighbouring properties 
if the luminaire illumination patterns and the ability to “control” the light pattern are not considered 
at the design stage. Outdoor light trespass or spill directed above the horizontal (i.e., towards the 
sky) will directly contribute to sky glow and provide ineffective light to grade.  

Glare will result from the contrast of illumination applied with the surrounding darkness. It is 
exemplified by the discomfort experienced as eyes strain to adjust to distinguish detail in both the 
bright and dark areas. Glare results from a near horizontal plane of light that is perceived when 
looking to the horizon with a luminaire in the foreground. The discomfort of glare is actually 
reduced as more illumination is available, as the additional light reduces contrast for the individual 
luminaire (although adding more illumination is an inefficient way to reduce glare). Instead using 
directed and shielded light, focused on the area requiring illumination, is the efficient and 
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effective way to reduce glare (see response to IR4.5). The effects of light results from the Project, 
specific to light trespass and glare, are presented in the Light TDR (EIS Appendix E.8). 

The additive effects of light are numerically assessed by combining the contribution of all nearby 
light sources to the diffuse atmospheric illumination, or night sky brightness, that is perceived as sky 
glow. Sky glow therefore represents the best overall representation of the additive consideration 
of light, as it provides an indication of the regional scale light environment as perceived at points 
of reception. The existing sky quality, or background value, can be established by measurement, 
and the contribution from the luminaires associated with a project or other foreseeable projects 
can be added.  This was completed in response to IR4.2 (c), as presented in Attachment IR4.2-1, 
for the Project and other expected future light contributions from certain and reasonably 
foreseeable future projects in the area.  

As discussed in response to IR4.2 (c), while there is some degradation of the existing sky quality (i.e., 
based on increased sky brightness or sky glow) at the points of reception, stargazing or astronomy 
is and will still be possible (i.e., approximately 500 stars) on nights with good viewing conditions.  

View of the night sky will be compromised most by observation locations where light trespass or 
glare are encountered. As such, it is important to choose sky observation locations with sheltered 
or shadowed locations, those that are free from light trespass or glare.  

For this Project, consideration of the potential effects of light trespass, glare and sky glow on 
surrounding receptors will occur during development of the lighting plan design for the Terminal, 
which will be based on the assumptions made in the Light TDR (EIS Appendix E.8) and 
implementation of mitigation measures described in EIS Appendix G and in response to CEAA IR23 
(CEAR #72).  

IR4.3 Project construction and operation lighting 

Rationale: In Appendix G of the EIS, CN noted that lighting would be reduced in areas that are 
not being used for construction or operational activities, using a centralized lighting control system 
that is able to selectively turn off lighting when it is not required. However, CN does not provide 
any details of where, how, and to what extent lighting would be reduced at times or locations of 
inactivity within the Milton Logistics Hub during operation. Further, CN did not describe the effects 
of lights being turned off and on at various times during the night. 

Information Request:  

a) Describe the anticipated schedule and number of lights likely to be on at various times of night 
under typical operations. 

b) Describe the potential effects on receptors, including nearby residences and wildlife such as 
migratory birds, of having lights turning on and off throughout the night. Compare these 
effects to a situation where lights would be on all night, regardless of operational requirements. 

  

http://www.ceaa.gc.ca/050/documents/p80100/114568E.pdf
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CN Response: 

a) Describe the anticipated schedule and number of lights likely to be on at various times of night 
under typical operations. 

The Project will operate 24 hours a day, 7 days a week, as stated in EIS Section 3.4.2, page 60 (and 
in response to IR2.29 (CEAR #592)) and will be lit during nighttime hours (i.e., dawn to dusk) to 
enable safe and efficient operations.  For the purpose of assessing potential light effects in the 
Light TDR (EIS Appendix E.8), the preliminary project design assumed that 30 high mast light fixtures 
(10 fixtures per pole) along the work pad (30 m high) and 71 street lights along the truck entrance 
road and employee entrance road and parking lot (15 m high)) would be on during operation 
(see Appendix C of the Light TDR, EIS Appendix E.8). The final number of lights will be confirmed 
during detailed design. 

CN has been able to minimize energy consumption at its Calgary Logistics Park by extinguishing 
night time lighting during periods of extended terminal inactivity in specific areas within the 
terminal. However, the levels of activity planned for the Milton Terminal will not be conducive to 
turning lights on and off. The Terminal design is to have all of its lights, using the most energy 
efficient lighting, illuminated for safe operation at their designed intensity from dusk until dawn. 

b) Describe the potential effects on receptors, including nearby residences and wildlife such as 
migratory birds, of having lights turning on and off throughout the night. Compare these 
effects to a situation where lights would be on all night, regardless of operational requirements. 

As noted in part a), the Terminal will have its lights operating at their designed intensity from dusk 
to dawn. The intention of potential lighting adjustments would only be for those sections of the 
Terminal where no activities are anticipated for extended periods of time (not turned on/off 
repeatedly), for example where there is no scheduled dusk to dawn activity.  As such, a scenario 
where lights would be turning on and off throughout the night is not anticipated. 

For nearby residences, the effect of having lights on all night during operation was assessed in the 
Light TDR (EIS Appendix E.8), and summarized in response to IR2.29 (CEAR #592), which concluded 
that once operational, the Terminal will add additional background light to the area, but the 
additional light is estimated to be well below (less than 10%) of the allowable standard at nearby 
residences (EIS Section 6.4.1.3, page 163).   

For migratory birds, the effect of Project lighting during operation was assessed in the  EIS (Section 
6.5.2.9), and further discussed in response to CEAA IR25 (page 30-31, CEAR #375). The assessment 
concluded the Project could result in sensory disturbance to migrating birds through attraction to 
Project lighting; however, with implementation of lighting mitigation measures (i.e., efficient 
Terminal lighting, downward facing lighting), this change is anticipated to be minimized, whereby 
the residual effects of the Project on migratory birds were predicted to be not significant (EIS 
Section 6.5.2.9; see also response to CEAA IR25, page 30-31, CEAR #375). 

  

http://www.ceaa.gc.ca/050/documents/p80100/120744E.pdf
http://www.ceaa.gc.ca/050/documents/p80100/120744E.pdf
http://www.ceaa-acee.gc.ca/050/documents/p80100/115839E.pdf
http://www.ceaa-acee.gc.ca/050/documents/p80100/115839E.pdf


May 15, 2018 

 

  

 7 

 

IR4.4 Light from vehicular traffic 

Rationale: In Section 4.4 of Appendix E.8 of the EIS CN stated that the light effects assessment was 
based on the high mast light fixtures along the pad and street lighting along the truck entrance 
road and employee entrance road and parking lot but did not consider the effects of vehicular 
traffic within the terminal or turning into and out of the terminal. 

In its submission to the Review Panel on the sufficiency of the EIS, Halton Municipalities (CEAR #549) 
raised concerns about the potential for headlights from truck operations during evening or night 
hours to cause off-site glare and light trespass. 

Information Request:  

a) Provide an assessment of potential off-site effects from on-site vehicular headlights within the 
terminal and at higher vehicle traffic areas such as trucks turning into and out of the 
entrance/exit along Britannia Road. The assessment should include such factors as location, 
topography, glare, and the potential for vehicle travel over raised terminal roadways. 

CN Response: 

An assessment of the potential effects of vehicle lighting on nearby receptors is provided in the 
context of the following: the traffic plan for the Town of Milton, including Britannia Road, the planned 
changes to the roadways and lighting that are independent of the Project, the relative vehicle 
traffic volumes associated with the Project, traffic not associated with the Project, the signalized 
intersection, raised Terminal roadways, and distances from roadways to the nearby receptors.  

The Town of Milton is a rapidly growing community with substantial increases in road traffic 
anticipated in the near future. As a result, the road network within the Town and near the location 
of the Project, specifically the Britannia Road corridor (EIS Appendix B, Figure 7), is planned to be 
upgraded by Halton Region from a 2-lane rural cross-section to a 6-lane regional arterial road. This 
roadway upgrading project is planned to occur and be completed within the next three years 
and is entirely independent of CN proceeding with the Project.   

This new regional arterial road upgrade will include standard street lighting, which will operate 
during the evenings and throughout the night for safety reasons. This additional lighting to be 
installed with the newly designed Britannia Road will add to the light environment in the area; and 
it is independent of the Project. 

The Environmental Study Report for the Britannia Road Improvements prepared for Halton Region 
dated April 2014 provides forecasts for the road traffic volumes on Britannia Road. At the proposed 
location of the truck entrance, the forecast for the PM Peak Hour indicates that in the section of 
Britannia Road immediately east and west of the truck entrance roadway, there would be a total 
of 1,690 vehicles using the road. In the Transportation Considerations report prepared for CN by BA 
Group dated August 2017 (see Attachment IR2.33-3, prepared in response to IR2.33 (CEAR #592)), 
there is a forecast of 1,900 vehicles using the same sections of roadway during the PM Peak hour.  

Figure 9 of the Review of Terminal-Generated Truck Traffic (EIS Appendix E.17) and Figure 8 of 
Attachment IR2.33-3 provided in response to IR2.33 (CEAR #592) provide a forecast indicating that 
during the PM Peak Hour, the Project is expected to add some additional truck traffic to Britannia 
Road, specifically 38 to the west of the intersection and 51 to the east of the intersection. From 

http://www.ceaa.gc.ca/050/documents/p80100/120742E.pdf
http://www.ceaa.gc.ca/050/documents/p80100/120742E.pdf
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the overall traffic projections, the Project related traffic will be a small component of roadway 
traffic (i.e., less than 3%) that is otherwise anticipated to be on those area roads independent of 
the Project.  

It is also noted that some vehicle traffic (other than Project traffic) will be using the same 
intersection to access and exit the residential / commercial development to the north.  

In summary, the vehicle traffic volume from the Project is small compared to the non-project traffic. 
The Project traffic is estimated to be 38 to 51 vehicles compared to the estimate of total traffic of 
1,700 to 1,900 vehicles during the Peak hour. The Project traffic is thus about 2-3% of the total traffic.  

Section 62 of the Ontario Highway Traffic Act (HTA) sets out requirements for motor vehicles 
generally, and commercial vehicles specifically, regarding the fitting on the vehicle of lamps and 
requirements for their use. Lighting requirements are based on designs where opposing vehicles 
can approach each other and safely pass without adverse impacts from vehicle lighting. Vehicles 
hauling containers to/from the Project will be operating in compliance with the HTA in regard to 
the provision and use of head lamps. This requirement helps to provide context related to the 
strength of vehicle lighting and contribution to the light environment.  

Trucks entering and exiting the Terminal will do so at the proposed intersection on Britannia Road, 
which has been designed to align with the collector road intersection proposed to provide access 
to the planned mixed-use development area north of Britannia Road (Boyne Survey Secondary 
Plan), as identified on Figure 7 from the Terminal Road Access Study (Attachment IR2.33-1, CEAR 
#592), provided as Attachment IR4.4-1: Britannia Road Access Function Plan.  

Vehicles entering and exiting the Terminal will be following typical traffic patterns for road 
intersections. Arriving vehicles would use the eastbound right turn lane or westbound left turn lane 
proposed by CN to be provided at the intersection, during which vehicle headlights would be 
directed along the roadway into the facility. During these vehicle transits, the lighting is not 
expected to be directed at any nearby receptor – thus, the effects of lighting on those receptors 
are expected to be nominal. 

Vehicles exiting the site would utilize the proposed new northbound approach to the intersection 
and turn left or right. During these transits, the vehicle headlights would be directed for short 
periods of time toward the north during the swing out of the vehicles – and toward the planned 
mixed-use development north of Britannia Road. With the new 6-lane road in place, changes in 
observed lighting at the receptors are expected; however, with both the added street lighting 
and the added intersection lighting to be installed for safety reasons, the added non-project 
traffic turning into the mixed use development, and the added distance across the roadway, the 
changes in lighting associated with the Project are not expected to be noticeable or substantive. 
Substantive is defined in this context as a change in lighting associated with the Project such that 
the guidelines for light spill in a suburban environment are exceeded. While on-site, vehicles (i.e., 
roadgoing trucks, trains, on-site loading and transfer equipment) will operate primarily within the 
core of the Terminal (i.e., workpads). These workpads are centrally located in relatively flat terrain 
within the Terminal. Although the workpads are open to the atmosphere, the distance to nearby 
receptors (more than 380 m to closest receptor) and separation from Britannia Road 
(approximately 365 m) helps to mitigate light trespass from the work areas. Further, there are 
planned noise barriers and trees to be installed around the perimeter of the Terminal. The 
combination of the distance to the receptors and the presence of the noise berms and trees are 

http://www.ceaa.gc.ca/050/documents/p80100/120742E.pdf
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sufficient mitigation for lighting. The potential effects of lighting associated with those activities 
within the Terminal are not expected to be substantive. 

An on-site project overpass will be constructed to provide vehicle access over the CN mainline. 
These vehicles will be elevated while driving into and out of the Terminal, and are not expected 
to be stationary on the overpass. The overpass will be located approximately 300 m from the 
northern project boundary; this distance is similar to the planned Britannia Road overpass above 
the existing CN rail corridor. At these distances, the glare or off-site light trespass from the Project 
at receptors is expected to be less than impacts expected from the municipal roadways adjacent 
to the Project; the potential effects of lighting from these activities are expected to be noticeable, 
but not substantive, as they are not considered a safety concern or disruptive.  

As noted above, the Project will have surrounding berms and vegetation that will provide shadow 
elements that will help prevent light trespass and glare from vehicle headlights as typical headlights 
are within about 1 to 2 m above grade. The design of these shading elements will be finalized when 
final facility designs are prepared and are commonly used on multi-lane roadway designs. 

In summary, the effects of lighting from headlights of on-site vehicle traffic and from the headlights 
of the Project vehicles at the Britannia Road access point will be mitigated. The observations and 
mitigation measures include: 

• the Project traffic volumes are low compared to other non-Project traffic;  

• the additional street lighting for travel along the new arterial roadway will mask passing vehicle 
headlight impacts;  

• the use and expansion of the intersection that has already been established helps to improve 
traffic flow and minimize disruption associated with vehicles and vehicle lighting; 

• the design includes effective separation distances to minimize light exposure; and,  

• the design includes berms or physical barriers between the activities at the site and the nearby 
receptors, and this helps to minimize light exposure. 

When considering these observations and mitigating measures, the potential effects of a change 
in lighting from the Project on nearby receptors are expected to be noticeable, but not 
substantive to a point where the change is likely to be disruptive.  

IR4.5 Mitigation measures for light 

Rationale: In Appendix G of the EIS, CN committed to minimize construction site flood lighting 
during bird migration periods, use shielded lighting during operation, ensure that lights are pointed 
downward, and that lighting would be as efficient as possible to mitigate potential effects. CN 
did not predict how effective these mitigation measures would be, or provide a quantitative 
estimate for how these mitigation measures would reduce the light related effects, either to 
nearby residences or wildlife such as migratory birds. Additionally, no information was provided on 
the role site landscaping, noise berms, or other project components may play to reduce or 
eliminate light effects offsite. 
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Information Request:  

a) Provide additional information about the effectiveness of proposed mitigation measures 
including different technologies available for light trespass, glare and sky glow including a 
graphic representation of the proposed light shielding mitigation for light spill and glare (e.g. 
showing glare and spill both before and after mitigation). 

b) Describe the types and the anticipated effectiveness of light mitigation that may be provided 
by the proposed berms or other landscaping elements. 

CN Response: 

a) Provide additional information about the effectiveness of proposed mitigation measures 
including different technologies available for light trespass, glare and sky glow including a 
graphic representation of the proposed light shielding mitigation for light spill and glare (e.g. 
showing glare and spill both before and after mitigation). 

The Light TDR (EIS Appendix E.8) provides an assessment of the predicted light effects from the 
Project, including light trespass, glare and sky glow. These effects are attributed to inefficient 
lighting designs, which may result in unintended obtrusive light effects on nearby receptors (i.e., 
lighting of areas outside of the intended target area), as illustrated in Figure IR4.5-1: Potential 
Unintended Light Effects. 

Figure IR4.5-1 Potential Unintended Light Effects 

 
Source: Best Practices for Effective Lighting (City of Toronto, 2017) 

The following is a description of each type of light effect and the effectiveness of potential 
mitigation measures: 
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Light Trespass 

Light trespass, also known as light spill, refers to the transmission of light from fixtures within a facility 
to the environment and receptors outside the facility. This occurs when a light source illuminates 
not only the intended area, but unintended surroundings. An example of light trespass is illustrated 
in Figure IR4.5-2: Example of Light Trespass, which illustrates how unshielded parking lot lighting 
can shine strongly onto adjacent buildings or into nearby residence windows. 

Figure IR4.5-2 Example of Light Trespass 

 
Source: Best Practices for Effective Lighting (City of Toronto, 2017) 

Measures to mitigate light trespass include the use of shielded lighting fixtures, which obstruct the 
direct line of light in the direction of the shield. Shielding, which includes either physical shields that 
intercept emitted light or shielding built into the design of the light fixture (i.e., directional lighting), 
can control the light output and minimize light trespass, as illustrated in Figure IR4.5-3: Effectiveness 
of Light Shielding to Prevent Light Trespass. 
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Figure IR4.5-3 Effectiveness of Light Shielding to Prevent Light Trespass 

  
Light fixture with no shielding causing spill on 

adjacent receptor beyond target area 
Light fixture with shielding in place preventing spill 

on adjacent receptor, focused on area to be lit 
Source: Adapted from Best Practices for Effective Lighting (City of Toronto, 2017) 

Such measures have been incorporated into the lighting design for the Project and will be refined 
through detailed design. 

Glare 

Glare is a potential environmental effect where intense, harsh or contrasting lighting conditions 
reduce humans, birds, and other organisms’ ability to see. Glare prevents the human eye from 
discerning a range of brightness levels, hiding part of the scene from view. The most common 
example of glare is oncoming high-beam headlights that provide ample light but paradoxically 
result in poor visibility, potentially reaching hazardous conditions. Excessively bright and improperly 
aimed floodlighting can have similar adverse effects on the perimeter of a project. An example 
of glare is illustrated in the two photos provided in Figure IR4.5-4: Example of the Effects of Glare, 
which illustrates how poorly designed floodlights may cause glare, as indicated by the flare in the 
left photograph (which when removed can reveal greater detail (shielded light in right 
photograph)). 

Figure IR4.5-4 Example of the Effects of Glare 

  
Source: Best Practices for Effective Lighting (City of Toronto, 2017) 

Measures to mitigate glare include the use of lighting fixtures that employ shielding and/or which 
are directed to areas intended to be illuminated. This can be achieved through careful planning 
/ placement of lights during detailed design (i.e., inward facing perimeter lighting) and through 
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the careful shielding or aiming of the light source during installation. Additional light barriers, such 
as berms or vegetation screening, can also be strategically placed to further mitigate the effect 
of lighting. The effectiveness of glare mitigation measures is illustrated in Figure IR4.5-5: 
Effectiveness of Glare Mitigation. 

Figure IR4.5-5 Effectiveness of Glare Mitigation  

  
Light fixture with no shielding causing glare beyond 

area to be lit (source intensity) 
Light fixture with shielding preventing glare at 
adjacent receptor (additional light barriers to 

reduce source intensity) 
Source: Adapted from Best Practices for Effective Lighting (City of Toronto, 2017) 

Such measures have been incorporated into the lighting design for the Project and will be refined 
through detailed design. 

Sky Glow 

Sky glow refers to the illumination of the sky and/or clouds over urban areas by light sources on 
the surface of the earth, such as street lighting, and haze in the atmosphere that replaces the 
natural night time sky with a translucent to opaque lighted dome. Sky glow is the cumulative effect 
of all lights at the surface either emitting upward or being reflected upward by the surface, plus 
the emission from photochemical activity in the atmosphere. An example of sky glow is illustrated 
in Figure IR4.5-6: Example of Sky Glow, which illustrates the glow that occurs above urban areas. 
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Figure IR4.5-6 Example of Sky Glow 

 
Source: Best Practices for Effective Lighting (City of Toronto, 2017) 

Measures to mitigate sky glow include reduced ‘over-lighting’ of areas (i.e., illumination in excess 
of what is required) and the use of fixtures designed to prevent light from being directed upward 
into the sky (i.e., through either light fixture design or use of shielding on light fixtures). Dark sky 
shielded fixtures incorporate measures that prevent or minimize upward direction of lighting, and 
consequently target lighting to areas where it is needed. The effectiveness of sky glow mitigation 
measures is illustrated in Figure IR4.5-7: Effectiveness of Sky Glow Mitigation (Dark Sky shielded 
fixtures). 

Figure IR4.5-7 Effectiveness of Sky Glow Mitigation (Dark Sky shielded fixtures) 

  
Non-dark sky shielded light fixture causing light to 

be directed up into the sky 
Dark sky shielded light fixture preventing upward 

direction of light 
Source: Adapted from Best Practices for Effective Lighting (City of Toronto, 2017) 
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Such measures have been incorporated into the lighting design for the Project and will be refined 
through detailed design. 

Project Design 
The predictive light impact is presented in Section 5.2 and Appendix C of the Light TDR (EIS 
Appendix E.8), demonstrating that for light trespass (i.e., light spill), the maximum predicted 
illuminance at all assessed PORs was below the recommended value of 2 lux. Further discussion 
on the effects of glare and sky glow are presented in response to IR4.2(c), which concluded that 
Project lighting will slightly increase the sky brightness in an area already affected by existing urban 
areas, while minimizing glare through the design of the Project lighting plan to be as “dark sky 
friendly” as possible. 

The preliminary lighting design for the Project is being carried out in accordance with IES 
(Illuminating Engineering Society) and IDA (International Dark Sky Association) Recommended 
Practices in order to ensure an efficient, environmentally conscious result. Specifically, the 
following guidelines will be used to inform the basis of design:  

• IES RP8-14 – IES Recommended Practice for Lighting Roadways (IES, 2014a) 
• IES RP7-17 – IES Recommended Practice for Lighting Industrial Facilities (IES, 2017) 
• IES RP20-14 – IES Recommended Practice for Lighting Parking Facilities (IES, 2014b) 
• IES RP33-14 – IES Recommended Practice for Lighting Exterior Environments (IES, 2014c) (this 

Recommended Practice (RP) also includes recommendations based on the joint IDA-IES 
Model Lighting Ordinance which outlines application of environmental zones, acceptable 
CCT (colour corrected temperature) ratings for light sources, and luminaire B.U.G. (Backlight, 
Uplight, and Glare) ratings) 

As presented in Appendix C of the Light TDR (EIS Appendix E.8), the lighting solutions being applied 
in the preliminary design for the Project (to be refined during detailed design) include the 
following:  

• Highmast lighting to be installed along the centre of the work pads within the Terminal will 
consist of the following (or similar): 

− McGraw-Edison (Cooper Lighting by Eaton) Galleon series fixture 

 
Part Number: GLEON-AE-10-LED-347-5WQ-MA 
IES file name: GLEON-AE-10-LED-E1-5WQ.ies 

 
− Highmast lighting will be installed on 30m high poles  
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− 10 light fixtures per pole, spaced at 36 degrees, Type V Square wide distribution.  
− Arm length = 3m 
− Total Light Loss Factor (LLF) = 0.921  
− Flexible highmast lighting platform with a variety of features to allow for precise lighting 

application 
− Multiple lighting distributions available to direct light where it is needed 
− Exact location of highmast lighting will be determined during detailed design 
− External Shielding will be determined during detailed design (i.e., shielding to be 

provided as needed to mitigate glare and light trespass) 
− 0-10v dimmable light source/step up/step down to allow adjustment of light output 

based on activity levels/time of day. Final selection will be determined during 
detailed design 

− Zero uplight – meets IDA Dark Skies recommended practice for reducing light 
pollution 
 

• Standard pole lighting to be installed around perimeter of the Terminal and along roadways 
will consist of the following (or similar): 
 

− McGraw-Edison (Cooper Lighting by Eaton) Galleon series fixture 

 
IES file: GLEON-AE-10-LED-E1-SL2 
 

− Standard pole lighting will be installed on 15m high poles 
− 1 fixture per pole, Type II distribution with Spill Control  
− Arm length = 3m 
− Total LLF = 0.921 
− 0-10v dimmable light source/step up/step down to allow adjustment of light output 

based on activity levels/time of day  
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− Zero uplight – meets IDA Dark Skies recommended practice for reducing light 
pollution 

− LED modules are deeply recessed within the luminaire housing to significantly reduce 
glare and high angle brightness, and reduce the need for external shields (i.e., 
shielding occurs by recessing light source into the fixture design) 

− Optical system precisely designed to direct light at angles below 700. This approach 
allows for nearly 50% glare reduction compared to the refractive optics that are 
typically used with LED luminaires. 

− Neighbour-Friendly Optic (NFO) has been incorporated into the preliminary design to 
further reduce the presence of light behind the pole, as illustrated in Figure IR4.5-8: 
Standard vs. Neighbour Friendly Optic Design Effects on Back Lighting, which helps to 
reduce light trespass and improve energy efficiency.   

Figure IR4.5-8 Standard vs. Neighbour Friendly Optic Design Effects on Back Lighting 

  
Standard Optic Neighbour Friendly Optic 

 

Note that the proposed Project and associated lighting was shown in the Light TDR (EIS Appendix 
E.8) to meet the interpretation of the CIE lighting guidance (i.e., less than the 2 lux at the PORs). 
Based on the light assessment provided in the Light TDR (EIS Appendix E.8), which included an 
evaluation of the existing conditions, the expected design of Terminal lighting (which incorporates 
effective, proven mitigation measures for light trespass, glare and sky glow as described above), 
and the predicted effect of the lighting on nearby receptors, it is concluded that while the 
Terminal will add additional background light to the area, the Terminal will operate without 
adverse light trespass effect on receptors. Sky glow and glare will further be controlled by the use 
of shielded lighting. Careful planning of the lighting design will be completed through detailed 
design, and further mitigation will be realized through other proposed measures, such as 
landscaping and shading / vegetation elements (described in part (b) below).  
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b) Describe the types and the anticipated effectiveness of light mitigation that may be provided 
by the proposed berms or other landscaping elements. 

Predictive light analysis carried out in the Light TDR (EIS Appendix E.8) did not include the effect of 
berms or landscaping elements. To be conservative, the space between luminaires and receptors 
around the project were assumed to be on flat terrain, with no features present to impede the 
trespass of light (i.e., topography, berms, trees, buildings or structures). 

However, berms and landscaping elements proposed to be included in Project design (as 
described in EIS Section 3.3.8 and 3.3.9) will further reduce the potential transmission of light from the 
Project to the receptors, thereby further reducing light trespass and glare. Landscaping elements, 
such as trees or bushes, will further filter light to reduce transmission from the site to the receptors. 
Berms and other barriers (i.e., noise berms and barriers, to be a minimum height of 5 m) are expected 
to hide the glare and trespass from headlights of transport trucks travelling on site roadways.  

The reduction can only be quantified when details about the landscaping elements (i.e., 
available filtering) and final location of berms / barriers are confirmed through detailed design. 
The reduction will be variable if landscaping elements are deciduous trees: more filtering of light 
by tree/bush leaves will be available in the summer for deciduous trees, and less in winter as trees 
lose leaves for the winter season, while berms / barriers will create a physical barrier that will 
prevent light transmission from sources within the Terminal.  

Even without these mitigation measures, the Project will comply with the light trespass guidelines 
(i.e., less than 2 lux) at all PORs (as assessed in the Light TDR (EIS Appendix E.8)). Taking into account 
the proposed berms (or combination of berms and barriers) and vegetation around the Terminal 
will only further reduce potential light trespass on receptors (see Figure IR4.5-5). In regard to glare, 
while the primary mitigation measure to reduce glare is through the use of shielded lighting, berms 
and vegetation will further reduce potential effects of glare around the Project site. However, such 
measures will not reduce sky glow. 
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INTRODUCTION 

This technical memorandum has been prepared to supplement the light effects assessment 
provided in the Light Technical Data Report (EIS Appendix E.8) to address sky glow as would be 
experienced at locations near the Project. The memo provides support to the responses for two 
information requests: IR4.2 (Predictive Light Effects Modelling) and IR5.4 (Light). 

Sky glow is the diffuse glow and illumination of the night sky from the scattering and reflection of 
light rays. It is caused by natural light (sunlight or moonlight reflected by dust particles, light given 
off by molecules in the upper atmosphere, and light from the stars) and artificial light from human 
activities (e.g., street lights, vehicle lights, lights in parking lots, and entertainment activities). A visible 
glow can be observed in the night sky when looking towards a typical urban development at a 
distance, or toward an event with outdoor night time activity, with artificial lighting. The resulting 
loss of contrast reduces the number of visible stars. While lighting is necessary to enhance safety for 
human activities (i.e., work, recreation, travel), the loss of dark sky and reduced star visibility is a 
known result of urban development associated with the provision of night lighting (Cinzano et al. 
2001). 

Quantifying and predicting sky glow relies on the use of units from both astronomy and 
engineering to provide dimensions that are not commonly used by most people in the public 
domain. These units are explained below. 

OBJECTIVES 

The objectives of this supplemental sky glow assessment are as follows: 

• Review the sky quality measurements recorded in 2014, in the area surrounding the Project; 
• Measure the existing sky quality levels at locations in the area surrounding the Project to 

update the 2014 values, and to establish the current sky glow levels (year 2018); 
• Predict future sky quality levels (year 2021and beyond) at those same locations due to the 

Project and other known future lighting sources; and 
• Assess the effects of the Project lighting on sky glow in the area near the Project. 

SKY GLOW ASSESSMENT CRITERIA 

The undesirable sky glow results mainly from misdirected or inefficient application of lighting 
equipment where light is either directed or reflected upward in the atmosphere, above the earth’s 
surface. The upward or stray lighting causes a veil, which reduces the contrasts when observing the 
stars at night. Astronomical observations are essentially an observation of contrast. Sky glow creates 
a glare and a decreasing ability to make astronomical observations of the night sky, including the 
stars. It has been noted that about two thirds of the world is subject to this condition (Cinzano et al. 
2001). 

Several approaches have been used to quantify and describe both the sky glow and related sky 
brightness. One approach is to assess sky glow using increasingly strict mathematical derivations 
that are reasonable for astronomic sky measurements and discussions of locating observatories for 
further exploration deeper into the cosmos. Another approach is to focus the assessment on 
measurements with support from modeling.  The measured values provide a good indication of sky 
quality, and how it changed over 4 years between 2014 and 2018.  These data are combined with 



 

 
 
 

modelling based on the physical characteristics of planned modifications to estimate the potential 
effects. 

 
For simplicity, this assessment focuses on variables that are measurable, as opposed to subjective 
interpretations. This enables numeric comparisons and helps to demonstrate repeatability and 
consistency. The change in sky glow can be described as the change in night sky brightness. Sky 
quality, a measure of sky brightness, can now be easily measured with a hand-held meter (such 
as the Unihedron Sky Quality Meter). This instrument provides an easily quantified representation 
of sky brightness. Sky quality is used for this assessment instead of other visual techniques that have 
more subjective components (such as the Bortle scale, or naked-eye limiting magnitude also 
referred to as NELM). 

 
The sky quality is measured in units of magnitude per arcsecond squared (mag/arcsec2). The 
“magnitude” is an astronomical term that is used to describe the brightness of stars, where the 
brightness increases with a decrease in magnitude. The term “arcsecond”, is a measure of visual 
area that the light passes through. In that sense, this unit is like a flux. These concepts were applied 
by early astronomers when making observations with the naked eye. Some typical values of 
magnitude/arcsecond2 are shown in Table 1. 

 
Table 1: Example Sky Quality Value Examples 

 
Example Sky Quality (Mag/arcsec2) 

Standard natural background1 21.6 

Typical for astronomical site of international standing2 21.5 

Typical for dark sky site for most astronomers2 21.2 

Full moon clear night sky3 18 

Common densely populated urban area in North America at night3 17 

Clear sky 30 minutes after sunset3 15 

Heavily overcast sky3 8 

Clear daytime sky3 3 
1=Crawford 1997; 2=Garstang 1989; 3= Schlyter 1997 

 
A useful approximate comparison of some current scales in use for sky glow quantification is shown 
in Figure 1, Night Sky Brightness Comparison. It is reproduced from www.darkskiesawareness.com. 
The relationship between the measured sky quality and sky brightness can be seen compared to 
descriptions of impact on astronomical observations that appear on the right-hand side of the 
nomograph (such as visibility of the Milky Way or potential visible stars). It is important to note that 
as the “sky glow” increases from more light cast to the night sky, the sky quality value measured 
in mag/arcsec2, actually decreases. 
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Figure 1: Night Sky Brightness Comparison Nomogram (from www.darkskiesawareness.com) 

 

The meaning of mag/arcsec2 is illustrated by comparing values with the visibility of the Milky Way 
column or with the number of visible stars at the hemisphere. As an example, a value of 19 
mag/arcsec2 corresponds to the Milky Way not being visible, but with about 800 stars being visible 
at the hemisphere. 

Another concept related to the consideration of sky glow is the assumption of what condition 
represents a natural dark sky. This is established in literature, and is also illustrated graphically in 
Figure 1 with a horizontal red line. The sky quality value of 21.6 mag/arcsec2 is assumed to be a 
natural, unaffected threshold for night sky brightness that can support viewing a star filled sky 
(Crawford 1997).  

The technical references included at the end of this assessment may be consulted for additional 
details on unit conversions, as needed. 
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STUDY METHODS - LOCATIONS 

For this supplemental assessment, Stantec, on behalf of CN, conducted measurements of the 
existing sky quality at the same Point(s) of Reception (also referred to as PORs) surrounding the 
Project as were assessed previously in the Light TDR (EIS Appendix E.8). These are identified as POR1 
to POR8 on the attached Figure 2. The locations (PORs) were selected to be consistent with the 
separation distance of nearby homes and receptors (as identified in EIS Appendix E.8) to allow for 
valid comparisons with the previous work. Additional information on the locations is provided in 
Table 2. The distance from Project in the table is the distance from the nearest boundary of the 
PDA to the receptor. 

Table 2: Points of Reception 

Site 

Site Location (UTM 
Zone 17T) 

Site Description Distance from 
Project Easting 

(m) 
Northing 

(m) 
1 595464 4810448 2nd Sideroad, approximately 50 m southwest of Tremaine 

Road 
1.1 km 

2 593900 4811995 Tremaine Road, along property line of proposed Terminal 300 m 

3 592962 4812846 Tremaine Road, along property line of proposed Terminal 300 m 

4 595072 4812796 First Line, along property line of proposed Terminal 900 m 

5 595179 4811749 Lower Base Line, along property line of proposed Terminal 300 m 

6 589967 4815070 Derry Road West, approximately 400 m west of Tremaine 
Road 

3.5 km 

7 588525 4815147 Bell School Line, approximately 
1.2 km north of Derry Road West 

4.7 km 

8 591259 4808849 Walkers Line, Indian Wells Golf Club Parking Lot 4.0 km 

STUDY METHODS - MEASUREMENTS OF SKY GLOW 

Sky quality data were initially obtained at each POR (Figure 2) on June 22/23, 2014 and August 
27/28, 2014. Supplemental measurements of sky quality levels were recorded on March 20/21 and 
March 23/24, 2018.  

Observations were collected during periods where weather and sky conditions were reasonably 
consistent for optimal assessment of sky quality. These included the following: 

i) Clear weather and clear sky, no moon present; 
ii) Dark sky, after astronomical twilight; and, 
iii) Measurements made at locations away from streetlights and shading from trees, buildings 

or other objects.  

Measurements were made at each location using a Unihedron Sky Quality Meter (SQM-L), which 
provides sky quality measurements in units of mag/arcsec2. The meter specification is a resolution 
of ±0.10 mag/arcsec2. During each of the measurements, the meter was pointed directly 
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overhead (at the zenith), and five readings were recorded, with consistent temperatures.  These 
were averaged to record the value for that measurement. 

STUDY METHODS - MODELLING OF SKY GLOW 

A common tool for predicting sky glow from lighting sources is based on a technical paper “Model 
for Artificial Night-Sky Illumination” (Garstang 1986).  

This approach was used to model the change in night sky brightness that is attributed to the use 
of the Project-related lighting equipment. Using the measured sky quality values recorded in 2014 
and 2018, and relevant conversion factors, the Project lighting impact on night sky brightness can 
be predicted (in mag/arcsecond2) for the locations near the Project.  

The model is based on an observer located at a height above the light source (e.g., a project), 
at a distance from the illuminated area (the project), with a specific size (the area of the project 
that is illuminated). The model accounts for molecular scattering, aerosol scattering, reflectivity of 
the ground, distance, and the fraction of light radiated above the horizon.  

The model requires geographical and geometric data on the project area, as well as 
specifications and geometry of lighting equipment, including the light luminaires and light strength 
in lumens. This input information (lighting equipment and lighting geometry) is from the Light TDR 
(EIS Appendix E.8).  Ground reflectivity is assumed to be approximately 20% based on the 
expected gravel and paving of the Project operation areas. Light output above 90 degrees from 
downward is assumed to be up light. The flat earth simplification was used as the points of 
observations are located relatively close to the Project light source; this is reasonable because 
considering the curvature of the earth at these distances won’t alter the predicted values in any 
substantive way. By solving the resulting mathematical equations, the sky quality brightness 
expected from the Project lighting as a change in mag/arcsec2 was predicted. An increase in 
brightness results in a decrease in the sky quality. 

PROJECT LIGHTING EQUIPMENT - SUMMARY 

The proposed equipment to be used for Project lighting is taken from the Light TDR (EIS Appendix 
E.8) and is re-produced here as Table 3.  

Table 3: Project Lighting Equipment 

Type Brand Model IES 
Photometric 

Filename 

Description Lumens per 
luminaire 

Quantity 

High 
Mast 

Cooper 
Lighting 

GLEON-AE-10-
LED-347-5WQ-
MA 

GLEON-AE-
10-LED-E1-
5WQ.ies 

LED, 30 m high, 
10 per pole @ 
36 deg, 30 poles 

55,000 30 masts of 
10 = 300 

Standard 
Pole 

Cooper 
Lighting 

GLEON-AE-10-
LED-E1-SL2 

GLEON-AE-
10-LED-E1-
SL2.ies 

LED, 15 m high, 
3m arm, single 

52,000 63 

Standard 
Pole 

Cooper 
Lighting 

GLEON-AE-10-
LED-E1-SL2 - 
twin 

GLEON-AE-
10-LED-E1-
SL2.ies 

LED, 15 m high, 
3m arm, twin 

52,000 5 masts of 2 
= 10 
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To specifically address cumulative considerations, lighting anticipated from other certain and 
reasonably foreseeable future projects and activities in the vicinity of the Project has been 
included in the sky glow assessment. The effects from existing light sources have been captured 
in measurements of the existing sky condition; the changes related to new lighting plan are 
predicted or modelled. The anticipated lighting equipment for these other projects in the vicinity 
of the Project is based on the planned Britannia Road Corridor Improvements, described in the 
Halton Region report (April 2014), and Stantec assumptions from other similar project 
considerations where specific information is not available. Available data are presented in Table 
4. 

Table 4: Other Future Lighting from Planned Future Development and Roadway Improvements 

Type Brand Model IES 
Photometric 

Filename 

Description Lumens per 
luminaire 

Quantity 

Proposed 
Britannia Road 
street lighting 

Assumed 
to be GE 
Evolve 

ERS2 
(similar to 
Tremaine) 

NA LED, nominal 10 m 
high, 2m arm, twin 
Assumed to be 
generally 
consistent with 
Tremaine lighting 
design 

15,000 Assume 
23 masts 
of 2 = 46, 
minimum 
along 
project 
boundary.  

Proposed Boyne 
Subdivision (North 
west of Tremaine -
Britannia) 

NA NA NA Assumed to be 
generally 
consistent with 
Derry to Louis St. 
Laurent 
Subdivision 

NA NA 

Milton Education 
Village 

NA NA NA Assumed to be 
generally 
consistent with 
Velodrome 

NA NA 

Derry Green 
Corporate 
Business Park 

NA NA NA Assumed to be 
generally 
consistent with 
Industrial Drive 

NA NA 

Note that the streetlights along Britannia Road, as well as other future lighting sources anticipated 
in the vicinity of the Project listed in Table 4, are anticipated to be installed independent of the 
Project.   
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RESULTS - MEASUREMENTS 

Based on the field measurements, the existing sky quality levels at the various PORs surrounding 
the Project are presented in Table 5 as measured in 2018.  The values measured previously in 2014 
at the same locations are also presented for comparison. The sky quality levels are an indicator of 
existing sky glow conditions.   

Table 5: Measured Sky Quality 2014 and 2018 

Site 2014 
Measured Sky Quality (mag/arcsec2) 

2018 
Measured Sky Quality (mag/arcsec2) 

1 19.34 19.12 

2 19.43 19.22 

3 19.40 19.20 

4 19.37 19.11 

5 19.37 19.17 

6 19.31 18.77 

7 19.44 19.05 

8 19.46 18.94 
 

Note that a decrease in the sky quality indicates an increase in sky glow. As shown, there is a 
decrease in sky quality recorded at every site when considering the 2014 to 2018 timeframe.  

Based on field observations, the reduced sky quality and increase in sky glow between 2014 and 
2018 is attributable to:  

a) illumination of the residential subdivision south of Derry Road to Louis St. Laurent Avenue  

b) lighting south from Derry Road along Tremaine and east-west along Louis St. Laurent 
Avenue (previously identified as future projects in the EIS, Table 6.2), and  

c) night landscape lighting of the Velodrome. 

It is also assumed that increased night lighting further removed from the project area attributable 
to other growth in Milton, Halton and the GTHA (Mississauga, Oakville, Burlington) also contributes 
to the 2018 sky glow measurements. An example of this is the new approximately five storey 
Oakville hospital located approximately 5 kilometres directly to the south east of the proposed 
Project location. 

RESULTS - PREDICTION OF FUTURE SKY GLOW CONDITIONS  

Based on the Project lighting plan and specifications, the potential effects of the Project on sky 
glow were modelled and combined with the measured data to provide an assessment of the 
effects on sky glow. 
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Review of the measured sky quality measurements for 2014 and 2018 established an average 
decrease of sky quality on the order of 0.3 mg/arcsec2 for the measurement locations.  This 
average decrease in sky quality was determined from the mathematical average of the 
difference between 2014 and 2018 measurements at each of the eight observations sites. This 
indicates an increase in sky glow, meaning a brighter night sky in 2018, compared to the sky glow 
in 2014.   

We note that between 2018 and 2021, it is expected that additional lighting associated with the 
projects identified in Table 4 will be installed in the area immediately surrounding the Project. The 
size of the Boyne subdivision immediately north of Britannia Road appears similar to the 
development located between Derry Road and Louis Saint Laurent Avenue. It is assumed that 
lighting would be similar, and therefore result in a similar impact of the lighting on sky quality.  
Further, we assume the Britannia Road lighting will have a similar impact to the sky quality as the 
similar luminaires installed along Tremaine Road. Finally, the recently announced Milton Education 
Village is assumed to have installed luminaires similar to the Velodrome, which is within the 
Education Village footprint, and the impact on sky quality will be similar. Based on these similarities 
in activities, the expected future sky quality at the time the Project commences operation was 
predicted for 2021, and those values are provided in Table 6.  

To assess the Project’s contribution to sky glow, the influence of the Project luminaires at start up 
(circa year 2021) were predicted, in units of mag/arcsec2. Those values are also provided in Table 
6. 

Table 6: Summary - Sky Quality Predictions 

Site Measured Sky 
Quality 

2014 
(mag/arcsec2) 

Measured Sky 
Quality 

2018  
(mag/arcsec2) 

Predicted Sky 
Quality 
 2021  

(mag/arcsec2) 

Predicted Sky 
Quality 
 2021 

With Project 
(mag/arcsec2) 

Predicted Sky 
Quality 
(2031)* 

(mag/arcsec2) 

1 19.34 19.12 18.80 18.62 18.47 –18.32 

2 19.43 19.22 18.90 18.77 18.62 – 18.47 

3 19.4 19.20 18.88 18.74 18.59 – 18.44 

4 19.37 19.11 18.79 18.66 18.51 – 18.36 

5 19.37 19.17 18.85 18.74 18.59 – 18.44 

6 19.31 18.77 18.45 18.30 18.15 – 18.00 

7 19.44 19.05 18.73 18.63 18.48 – 18.33 

8 19.46 18.94 18.62 18.52 18.37 – 18.22 
*=approximation, no detailed plans of future development have yet been identified. 

By comparing the average sky quality impact of the Project luminaires with the 2021 predicted 
sky quality, the effect of the Project alone is approximately 1% of the expected 2021 sky quality.  
This is an average decrease in sky quality that is equivalent to approximately 0.1 mag/arcsec2. 
Alternatively, the contribution of the project to the total predicted decrease in sky quality from 
2014 to 2031 is approximately 10% of the total change in sky quality. This is based on the total 
estimated decrease in sky quality 2014 to 2031 of approximately 1.0 mag/arcsec2, the project 
related change is approximately 0.1 mag/arcsec2, as noted above. 
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Considering longer term out to 2031, we assume that future development between 2021 and 2031 
will involve lighting south from Britannia Road along both Tremaine Road and First Line. Considering 
the existing land uses and range of possible changes, a predicted range of future sky quality is 
also provided for the longer term. It is assumed that additional street lighting and night time area 
activity will result in potential further contribution to decrease in night sky quality, corresponding 
to an increase in sky glow. The range of predicted values for 2031 is also presented in Table 6. 

In summary, the changes in sky quality, both measured and predicted, are presented in Table 6 
over the period from 2014-2031. As shown, only a small percentage of the total night sky brightness 
in 2021, approximately 1%, is attributable to the Project. Based on the predicted total night sky 
quality change from 2014 to 2031 (approximately 1.0 mag/arcsec2 brightening), the project 
contribution to this change is approximately 10% (0.1 mag/arcsec2 brightening).  

ASSUMPTIONS 
Assumptions and clarifications used in the assessment include: 

• For future developments where no specific design information was available, approximations 
based on experience were used. We considered “similar” developments, such as two distinct 
blocks of subdivision for example, to have similar related change to the sky brightness. 

• No barriers or other shading elements were considered, and this leads to a conservative 
estimate. 

• Light loss factors were not considered, all luminaires were considered new and operating at 
manufacturer’s design.  

• Predictions for project and future conditions are intended to be conservative. All potential 
project lighting was assumed energized for the future prediction case.  

• Using a range of values for the 2031 predictions reflects an increased uncertainty of predictions 
for the longer time into the future. 

• Future predictions for 2021 and 2031 timeframes are intended to be conservative in nature, 
and this is reflected in the assumptions used to make those predictions. 

DISCUSSION AND CONCLUSIONS 

The sky quality measurements taken initially in 2014 and updated in 2018 reflect a sky quality and 
sky glow that is consistent with a transition to a suburban and urban area (Berry 1976). As the 
measured values indicate, the Milton area experiences measurable sky glow from Milton and the 
other suburban and urban areas that surround it.  The ongoing and planned future development 
activities surrounding the Project are expected to continue, and these are expected to increase 
sky glow.  

There are no federal or provincial criteria for change in sky glow or sky brightness. Observatories 
and special astronomical sites are specifically chosen for locations with exceptionally dark sky 
conditions, where there are no formal activities (such as subdivision development) expected near 
the site (i.e., the observatory).  The nomograph presented as Figure 1 identifies the general 
thresholds at which it is commonly accepted that visibility of the night time sky enables observation 
of the Milky Way. Based on the sky quality values recorded in 2014, the Milky Way at the 
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measurement locations was generally not visible that year.  The number of stars easily visible to 
the naked eye in a clear night sky now in 2018 and predicted for the future with the Project remains 
in the range of 500. This can be determined from Figure 1 by correlating the range of sky brightness 
2018 -  average 19.07 mag/arcsec2 and 2021 - average of 18.62 mag/arcsec2, and reference the 
“approximate number of stars” on the nomograph for each value.    

It is well known that upward cast light is the greatest contributor to sky brightness and sky glow 
(CIE 2003). The Project will add carefully designed mast mounted lighting to the region. It will be 
designed for down cast lighting, to specifically minimize the occurrence of any upward cast 
lighting.  By selecting luminaires and associated lighting profiles with side shielding and full cut off, 
and by employing the ability to light only the areas that require night site lighting for safety of 
activities, the Project lighting design is intended to be as “dark sky friendly” as possible. 

The Project will add night time illumination; however, the changes associated with the Project are 
predicted to be less than other changes taking place and planned for the area, without the 
Project in place. Known expected other future changes are as summarized in Table 4, consisting 
of street lighting along Britannia Road, additional developments (Boyne Survey and Derry Green) 
and the Milton Education Village.  

Consideration of predicted cumulative effects on sky quality (i.e., existing case + project + future 
conditions) does indicate a decrease in the sky quality, meaning an increase in sky glow. The 
Project related change in sky quality is approximately 1% of the sky quality in measurement value.  

Nevertheless, while there is some degradation, based on the measured values of current sky 
quality documented, the known changes already underway to the lighting in the area without 
the Project, the changes associated with the Project, and the expected changes estimated to 
the year 2031, and referring to the Sky Brightness Nomograph (Figure 1), it will still be possible to 
continue viewing approximately 500 stars on nights with good viewing conditions.  

In arriving at this conclusion, it was assumed that any future night sky viewing would be carried 
out during favorable weather conditions and from a location with shading from glare or trespass, 
with a clear view of the sky.  
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