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St. Ignatius Sports Lighting Proposal 
Evaluation of Lighting Impacts 
 
To Whom it May Concern: 
 
My name is Kera Lagios.  I am currently the Principal of Atelier Fos, a lighting consultancy and 
prior to that I was a Principal of Lighting Design at Integral Group in Oakland, CA.  I have over 
10 years experience designing the lighting for buildings, landscapes and streets, including 
senior, affordable, and market rate residential projects, transit plazas, airports, schools, 
universities, and commercial buildings.  A large percentage of my work incorporates LEED 
Platinum and Gold certified and Net Zero projects, and I have practiced in Northern California 
for 5 years.  My education includes a Masters of Architecture from the Harvard University 
Graduate School of Design.  I have won several awards for lighting and daylighting, currently 
serve as a LEEDUser Expert for the LEED Interior Lighting Credit, and am a LEED Accredited 
Professional as well as an Associate Member of the International Association of Lighting 
Designers.  
 
I have conducted an evaluation of the Saint Ignatius Lighting Installation Proposal and provided 
my analysis in the report below.  Please feel free to contact me with any questions.  My contact 
information can be found at the end of the document. 
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1.  Introduction 
It is important to understand that amid benefits to the school and its athletes, the proposal by St. 
Ignatius Preparatory School to install new, permanent lights for their sports field will have 
significant adverse effects on the residents of the Sunset Neighborhood.  Not only is the school 
proposing a dramatic increase in the quantity of light installed, but they are also proposing a 
dramatic increase in the hours and days when these lights will be used.  
 
While it is true that LED technology has improved control and efficiency of  lighting installations, 
it is false to say that this installation will have no negative impacts on the neighborhood. 
 
There are significant ways in which the project is overlit and additional steps must be taken by 
the school to provide alternative options for the installation in order to mitigate the dramatic and 
negative impact on the nighttime environment for the residents of the Sunset neighborhood. 
 
The following report is my assessment of the lighting aspects of the project based on the 
materials presented by Musco.  

1.1  Impacts of Outdoor Lighting 
Outdoor lighting provides many benefits to our cities and neighborhoods, but it can also be 
detrimental.  Lighting enables an extension of the use of outdoor spaces beyond daylight hours, 
helps promote the feeling of safety and security, is used for signage and wayfinding, and can 
provide beautiful accents for buildings and landscaping.  
 
Unfortunately, outdoor lighting also has drawbacks.  These include light pollution, light 
trespass, glare, excess energy use, degradation of aesthetics, and it may harm human, 
animal and plant health.  Because of this, it is important to weigh the benefits and costs 
whenever planning new lighting installations.  In addition to considering those who will benefit 
from the lighting, it is essential to consider the people and environments beyond the property 
line, to evaluate the impacts, and work together to investigate alternatives that may limit the 
negative impacts. 
 
Why is darkness important? 
Despite the advancements in LED technology, our nights are getting brighter, and in fact, it may 
be the energy efficiency and cost effectiveness of LEDs that are causing more outdoor lighting 
to be installed.1   According to the Illuminating Engineering Society (IES), “The duration of 
lighting has increased; in some areas there is never any real darkness, which might have a 
profound impact on natural cycles.”2 

 
1 Kyba, Christopher, C.M.  “Artificially lit surface of Earth at night increasing in radiance and extent.” 
Science Advances  22 Nov 2017: Vol. 3, no. 11, e1701528. 
2 IES RP-33-14, Lighting for Exterior Environments, 2014, p. 1. 
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Fundamentally, darkness is important because human beings, animals and plants have 
evolved biologically to take cues from the daily cycles of light and dark, and our ability to 
see evolved over millions of years of relative nighttime darkness3 
 
Brighter nighttime environments are a shift from that evolutionary condition, and pose potential 
problems to our environment and potentially our health.  Just as we are concerned about the 
effects of polluted air and water on our environment and ourselves, the concerns about 
excessive light at night must be taken seriously.  
 
1.1.1  Light and health 
Development in research on the effects of light on human health have increased dramatically 
over the past few decades and have accelerated quickly in the most recent few years.  We now 
know that our eyes have two functions: to help us see and to regulate our circadian 
system.  In turn our circadian system functions like a clock.  
 
Vision versus the circadian system 
The circadian system differs from the visual system.  While the visual (“photopic”) system which 
functions during daylight, is most sensitive to green light.  The melanopic” system which 
governs circadian response, is more sensitive to light in the blue part (480nm) of the visual 
spectrum (Table 1 and Figure 1).  
 
Table 1.  Comparison of visual system and circadian system 

 Visual system Circadian System 

Visual response photopic or 
scotopic melanopic 

Peak sensitivity ~555nm (green) or 
~505nm (blue-green) ~480nm (blue) 

Cells in eye rods and cones ganglion cells 

 
Circadian regulation 
The circadian clock does not regulate itself.  It must be reset on a daily basis, and the resetting 
is done by the natural 24-hour light-dark cycle.  Blue-enriched light is one of the factors that 
suppresses melatonin and cues the reset of the circadian clock each morning.  Not enough in 
the morning may make us drowsy, and too much after dark may keep us awake.   
 
Although much of the attention given to light and health focuses on blue-enriched lighting, it is 
important to note that the circadian response to light is governed by several factors, of which 

 
3 IES TM-18-18, Light and Human Health, 2018, p. 9. 
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spectrum is one.  In fact, “Multiple optical radiation characteristics (quantity, spectrum, 
timing, duration, pattern and prior optical radiation exposure) all affect the magnitude of 
the phase-resetting response.”4 
 
What does the circadian clock do? 
The regulation of the circadian clock has been tied to a number of neurobehavioral responses 
and linked to clocks in the liver and the lungs.  Processes include regulation of metabolism, 
wound healing, mood, reproductive processes and more.  According to the IES:  
 
“In mammals, a wide variety of physiological and behavioral events exhibit circadian rhythmicity, 
ranging from the obvious sleep-wake cycle, to more covert changes in hormone levels, core 
body temperature, blood pressure and gene expression.”5 
 
In general, light and darkness are important to our health for the following reasons: 

● General exposure to nuisance overlighting and glare can result in discomfort and disrupt 
sleep, both which affects health and wellbeing in their own right.   

● Blue-light at night is particularly problematic because the circadian system is most 
sensitive to light in the “blue” range of the visible spectrum.  “Cooler” color temperatures, 
such as the 5700K LEDs used in the SI project,  are more likely to trigger a circadian 
response.  (See Section 1.2 for discussion of color temperatures). 

● Currently there are no defined thresholds for exposure to light at night in terms of the 
effects on the circadian system, and the IES’s position is that normal exposure to light at 
night is not life-threatening.6 Although we still don’t know the exact thresholds at which 
the circadian cycle can be disrupted by light at night, there is evidence that even low 
levels might be capable of triggering a response.7 

  

 
4 “Multiple optical radiation characteristics (quantity, spectrum, timing, duration, pattern and prior optical 
radiation exposure) all affect the magnitude of the phase-resetting response.”, IES TM-18-18, p. 10. 
5 IES TM-18-18, p.11. 
6 IES RP-33-14, p.4 
7 IES TM-18-18, p. 14-15. 
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Figure 1.   Peak sensitivity to different wavelengths of light 

 
Top:  Graph showing the visual (photopic (day)and scotopic (night)) and circadian (melanopic) peak sensitivity 

curves overlaid with the colors of the visual spectrum (nm).  The circadian system is most sensitive around 
480nm (blue light), whereas the visual (photopic) system is most sensitive around 555nm (green light). 

Bottom:  The melanopic response corresponds closely with the blue-enriched light present in 5700K light sources, 
meaning that cooler color temperatures are more likely to trigger the melanopic response. 

 
Diagrams by author, based on: https://www.ies.org/fires/simplifying-melanopsin-metrology/ 

https://www.ies.org/fires/simplifying-melanopsin-metrology/
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1.1.2  Other impacts of outdoor lighting 
There are three aspects of outdoor lighting that are most often used to evaluate the impacts of 
an installation on the nearby environment: light pollution, light trespass and glare.  
 
Figure 2.   Outdoor lighting aspects of importance  

 
 
Light pollution is defined by the IES as, “the combination of all the adverse or obtrusive 
effects of electric light that produces sky glow.”8 
 
Light pollution is caused by light that shines upward to the night sky, and is exacerbated as that 
light reflects off of particles in the air.  While light pollution typically is measured as uplight from 
a luminaire, light from downward pointed luminaires that reflects off of buildings and roads also 
contributes to sky glow.  
 
Light pollution is important because it: 

● is not local.  For even small cities, it can be viewed from miles away.   
● reduces the darkness of our nighttime environments (see below for more discussion) 

which carries with it environmental and aesthetic degradation 
● obscures the view of the stars and the Milky Way 
● negatively impacts reproduction, feeding and habitation of plants and animals 

 

 
8 IES RP-33-14, p. 21. 
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Measurement: 
Typically ,light pollution is measured according to how much light from a luminaire or project is 
emitted upwards, or above horizontal.  
 
Light trespass, “relates to light that is obtrusive off-site.”9 This metric evaluates light that 
falls outside the project boundary or property line.  
 
Light trespass is important because: 

● It is typically an eyesore and a nuisance for neighbors 
● It is “wasted light” and energy inefficient 

 
Measurement: 
Typically light trespass is measured as the amount of light falling on a plane that extends 
vertically from the property line upwards.  
 
Figure 3.   Light Trespass 

 
Image Source: IDA-Criteria for Community-Friendly Outdoor Sports Lighting v1.0, November 28, 2018 

 
Glare is, “the sensation produced by luminance within the visual field that is sufficiently greater 
than the luminance to which the eye is adapted causing annoyance, discomfort or the loss of 
visual performance and visibility.”10 The IES breaks glare down into two significant categories: 
disability glare and discomfort glare. 
 

 
9 IES RP-33-14, p. 22. 
10 IES RP-33-14, p.53 
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Glare is problematic because: 
● Glare from bright sources can make objects in the foreground harder to see 
● Glare is a particular problem for seniors.  According to the IES, “the loss of lenticular 

transparency scatters light and reduces the apparent contrast between objects,” and, “is 
known as disability glare.”11 

● Obtrusive lighting can be an eye-sore.  “Non shielded outdoor lighting can be observed 
at great distances; nighttime visual clutter can be aesthetically disruptive”.12  

 
Measurement: 

Glare is one of the most complicated metrics and is currently evaluated in many different ways.  
In general, the various equations that define glare, all incorporate four factors: luminance of 
glare source, size of glare source, scene luminance and position (see Equation 1.0 below).  
Various standards use varying methods for characterizing glare.  (For more discussion on glare, 
see Section 2.3).  
 

Equation 1.0.  Glare calculation 
 

 
Source: Jakubiec, Alstan and Christoph Reinhart, “The Use of Glare Metrics in 
the Design of Daylit Spaces: Recommendations for Practice”, 9th International 
Radiance Workshop; September 20-21, 2010. 

 
 
Energy use and Aesthetics 
Energy use and aesthetics are both side-effects of outdoor lighting.  These factors do not have 
their own associated metrics. 
  

 
11 IES RP-28-07 Lighting and the visual environment for senior living, 2007, p.1 
12 IES RP-33-14, p.1 
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1.2  How is outdoor lighting governed? 
Outdoor lighting in the United States, generally, does not have any hard and fast requirements 
for design.  Municipalities can elect to adopt certain standards or implement their own, but more 
often, outdoor lighting is based on its context and some degree of interpretation.  
 
1.2.1  Guiding standards 
There are several organizations that publish lighting standards that can be used to design and 
evaluate lighting.  The major entities are the Illuminating Engineering Society (IES) and the 
International Commission on Illumination (CIE).  Both publish recommendations, often on the 
same topics, however, it should be noted that the IES, sometimes referred to the IESNA 
(Illuminating Engineering Society of North America) predominates in the United States.  The 
standards, technical manuals and recommended practices produced by the IES and CIE are 
developed by committees consisting of experts in the field.  They provide guidance for target 
light levels and limits for metrics like light trespass.  Exceeding these limits will result in over-
lighting, energy misuse, unwanted light, potentially significant adverse aesthetic impacts and a 
substantial percentage of affected persons finding the visibility unacceptable. 
 
In addition, other organizations like LEED and the IDA (International Dark-Sky Association) 
have published information which sets targets for certain aspects of outdoor lighting.  Of these, 
the relevant publications are: 
 

● IES RP-33-14 Lighting for Exterior Environments, 2014 
● CIE 150 2017 Guide on the limitation of the effects of obtrusive light from outdoor 

lighting installations, Second Edition, 2017 
● LEED v4.1 Light Pollution Reduction Credit 
● IDA Criteria for Community-Friendly Outdoor Sports Lighting v1.0, November 28,  2018 
● Joint IDA-IES Model Lighting Ordinance, 2011 
● California Energy Commission TITLE 24, PART 6, AND ASSOCIATED 

ADMINISTRATIVE REGULATIONS IN PART 1, Section 130.2 Outdoor Lighting Controls 
and Equipment 

● California Green Buildings Standards Code, Title 24, Part 11 5.106.8 
 
In addition, there are two additional relevant references: 

● IES RP-6-1 Sports Lighting, 2015 
● IES TM 18-18 Light and Human Health, 2018 
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1.3  How is lighting measured? 
While we are all familiar with lighting in many ways, many of us are not familiar with the 
technical ways in which lighting is characterized, particularly outdoors. 
 
Lighting Zones and the MLO 
Because outdoor areas range from nature reserves to places like Times Square, it is first 
important to characterize the zone in which a project is located.  The IES and the IDA developed 
the “Model Lighting Ordinance” which classifies outdoor nighttime environments into lighting 
zones 0-4, with LZ0 being a location in which describes the darkest environments (nature 
preserve), and LZ4 beings the most intensive use of lighting (e.g. Times Square) (see Appendix 
1). Once a zone is established for a project, recommendations for appropriate light levels follow 
from there.  Note: the CIE uses a similar, but slightly different classification system, and 
California’s Title 24 previously used a system with 4 zones, however it has now accepted the 
MLO classification system. 
 
Candelas (cd) 
Candelas are defined as “the SI unit of luminous intensity.  One candela is the luminous 
intensity [emitted by a light source (e.g. fixture, bulb, lamp)], in a given direction.”13 If the light 
distribution is uniform, the same candela distribution will be emitted in all directions.  If the light 
distribution is non-uniform, the candelas in each direction will vary.  See Figure 4 below for 
illustration. 
 
Figure 4.   Light Distribution 

 

 
13 Oxford Languages Search for: definition of “candela”, “Google English Dictionary”, 2020 Oxford University Press. 
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Illustration of candelas for uniform and non-uniform distribution light sources 
 
Illuminance (footcandles(fc) or lux(lx)) 
Illuminance is the quantity of light falling on a surface.  Illuminance varies with angle and 
distance of the receiving surface.  In Figure 5 below, the light source is uniform and emits the 
same candelas in each direction, however, the illuminance will vary (a v. b) depending on where 
the light is measured. 
 
 
Figure 5.   Illuminance 

 
Illustration showing that even while candles are constant,  

illuminance can change with distance or angle. 
Illustration by author. 
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Luminance (cd/m2) 
Luminance can be referred to as brightness of a surface (rather than candelas which are 
sometimes used to qualify glare).  Brightness changes with the color (reflectance) of the surface 
being lit. in Figure 6 below, the illuminance (b) is the same for both the white and gray 
surfaces, but the luminance (d) is lower for the gray surface than for the white surface (c). 
 
 
Figure 6.   Luminance 

 
Illustration showing that luminance of two surfaces will change with color,  

while illuminance remains constant. 
Illustration by author. 

 
 
 
Spectrum, Color Temperature, CCT 
While we tend to think of most light as “white”, in reality, light sources can vary in what is called 
“spectrum” or the color of the light.  There is a relationship between spectrum and color 
temperature (Figure 7). 
 
Light that appears “cool” tends to have more relative power in the blue part of the visible 
spectrum.  Conversely, light that appears “warm” tends to have more relative power in the 
yellow and red part of the visible spectrum.  LEDs tend to be more blue because their 
technology makes the bluer range more energy efficient.  
 
Unfortunately, blue light is more triggering for the circadian system, and blue light tends to 
appear brighter than warmer light of equivalent power (Figure 8). 
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Figure 7.   Color Temperature Scale 

 
Illustration of color temperatures. 

Illustration by author, based on values from https://www.schorsch.com/en/kbase/glossary/cct.html 
  

https://www.schorsch.com/en/kbase/glossary/cct.html
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Figure 8.   Visual Spectrum 

 
Notice that the peak of the 5700K source is close to the peak sensitivity  

of the circadian system shown in Figure 1 in section 1.1.1   
Diagram based on: https://www.allthingslighting.org/index.php/2019/02/15/filtered-leds-and-light-pollution/ 
 
 
Angle of measurement 
When reviewing lighting calculations, it is important to note that sometimes calculations are 
measured “horizontally” and sometimes “vertically”.  This is mostly true when talking about 
illuminance.   
 

Horizontal measurement: This refers to measuring light on a plane parallel to the 
ground, such as a sidewalk surface, or a tabletop.  
Vertical measurement: This refers to measuring light on a plane perpendicular to the 
ground, such as a wall.  

 
Light is additive 
If current light levels on your property are 0.2fc and 0.4fc of additional light are added by a new 
installation, the new light levels will be 0.6fc, and the light levels will be tripled. 

https://www.allthingslighting.org/index.php/2019/02/15/filtered-leds-and-light-pollution/


St. Ignatius Sports Lighting Proposal - Evaluation of Lighting Impacts 

14 

 
Photometrics 
“Photometrics” is a term often used interchangeably to describe two separate things.  
 

● photometric calculations are the final “plots” of calculation grids over a project area 
that show calculations of illuminance, luminance or other metrics. 

● photometric files (a.k.a. “ies files”) are small computer files made for individual 
luminaires that contain information on the distribution and power of the light emitted in all 
directions from a source.  These files are used in computer models to produce the 
photometric calculations.  

 
Other factors affecting vision 
Several things affect our ability to see.  The first is that we need much less light to see in 
darkness than we do during the day.  This is due to how our eyes adjust to lower levels of light, 
versus higher levels.  The classic example of this is when entering or leaving a movie theater, 
our eyes need to adjust for a short time in order to adapt to either a much lower or much higher 
level of light.  In general, it is inappropriate to light nighttime environments to the same levels we 
light daytime environments.  
 
Table 2.  Typical light levels 

Typical light levels 

Moonlight 0.01fc 

Typical office lighting 30fc 

Daylight (no sun) 2,000-12,000 fc 

 
A second important factor in how we see is age.  In general, as we age, we need more light to 
see, but contrast becomes more significant.  Disability glare worsened by very bright sources 
and reflected light can be of particular issue for older individuals in nighttime environments.  
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2.  Evaluation of Proposed Design 
This section reviews the proposed design as presented by Musco in the following documents: 

● 2020 Musco Photometrics, St Ignatius Prep School FB/SO 
● 2020 Musco photo renditions nighttime SI HS VIEWS_01.07.2020.pdf 
● Musco light drawings 7-13-20.pdf 
● ! candelas Evolution of Light Control-Musco - Saint Ignatius Light Poles.pdf 

2.1  Project Lighting Zone 
The project lighting zone is LZ2.  This is defined in the Model Lighting Ordinance and 
referenced in IES RP 33-14 Lighting for Exterior Environments as, “areas with moderate 
ambient lighting levels,” and which typically include, “multifamily residential uses, institutional 
residential uses, schools, churches, hospitals, hotels/motels, commercial and/or business areas 
with evening activities embedded in predominantly residential areas, neighborhood serving 
recreational and playing fields and/or mixed use development with a predominance of 
residential uses,”14 (see Appendix 1). This designation is the basis for the light level targets and 
limits cited below, unless otherwise noted.  
 
The IES is the predominant lighting standards organization in the United States. 

2.2  Light trespass in proposed design 
Table 5 of the IES RP-33-14 Lighting for Exterior Environments lists “Maximum Vertical 
Illuminance at any point in the vertical plane of the property line,” (see Appendix 2).  The values 
are organized according to Lighting Zone.  On page 15 of Musco’s Photometrics (“2020 Musco 
Photometrics, St Ignatius Prep School FB/SO”), the vertical light levels (measured at 3’-0” 
above grade), have a maximum of 6.93fc.  This is over 20 times what is allowed by the IES. 
 
Table 3.  Maximum vertical illuminance - IES standard versus Musco 

 IES (LZ2) Musco Photometrics,  
p. 15 

Maximum Vertical Illuminance at any 
point in the vertical plane of the 
property line 

0.3fc 6.93fc 

 
Another guideline that can be referenced is LEED (Leadership in Energy and Environmental 
Design).  LEED v4.1’s Sustainable Sites, Light Pollution Reduction credit sets a more 
aggressive maximum illuminance value (see Appendix 3), but instead of measuring the light on 
a vertical plane (up to 33’-0” high) at the property line, they allow a property adjacent to a street 

 
14 MLO Task Force, Joint IDA-IES Model Lighting Ordinance, 2011, p. 7, and IES RP-33-14, Lighting for Exterior 
Environments, 2014, p. 24-25. 
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(such as St. Ignatius), to use the street centerline as the location of the vertical plane upon 
which measurements are taken.15  
 
Table 4.  Maximum vertical illuminance – LEED standard versus Musco 

 LEED (LZ2) Musco Photometrics,  
p. 6 

Maximum Vertical Illuminance at 
property line or street centerline 0.1fc 2.6 fc 

 
The project’s photometrics show as much as 2.6fc at 0’-0” off the ground, 26 times the limit for 
LZ2.  Clearly, even if LEED is not being pursued, this is an excessive amount of light spilling off 
of the property and is unnecessarily disruptive to the neighbors and their property. 

2.3  Glare in proposed design 
Glare is one of the major issues with lighting installations, especially ones like sports lighting 
where the lights are powerful and prominent.  Glare is one of the major complaints that people 
have about lighting installations.  
 
Musco has presented glare from the design based on maximum candela values, however 
Musco does not cite a source for the scale they use for their Glare Impact Study.  That said, 
even by their own scale, the project produces a glary environment.  
 
Musco’s scale: 

● High glare: 150,000cd or more 
● Significant glare: 25,000-75,000cd 
● Minimal to no glare: 500cd or less 

 
Musco has provided no classification for 500-25,000cd.  
 
According to Musco’s calculations, the residences across from the school fall into the “yellow” 
band which encompasses 1,000-5,000cd which is above their own cut-off for “minimal to no 
glare”, and part of which falls into the non-existing category from 500-25,000cd.  Clearly the 
glare at the properties from the installation is non-negligible.  
 
The IES does not use candelas as a way to evaluate glare, and so, to compare Musco’s 
calculations against a published standard, the CIE 150 2017 Guide on the limitation of the 
effects of obtrusive light from outdoor lighting installations, Second Edition, can be used (Figure 
9).  
 

 
15 USGBC, “Light Pollution Reduction - Language,” LEED BD+C: New Construction v4.1 - LEED v4.1 
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Figure 9.  Glare angles 

 
Illustration of CIE 150: 2017, Table 3.  Note: not to scale. 

Illustration by author. 
 
In CIE 150: 2017, Table 3, “Maximum values for luminous intensity of luminaires in designated 
directions,” (see Appendix 4) allows users to determine the maximum values for the luminous 
intensity (cd) of luminaires in designated directions where views of bright surfaces of luminaires 
are likely to be “troublesome for residents”. This metric takes into account the luminance of the 
scene (via the lighting zone), the luminance of the source itself (cd), the size of the source (Ap) 
and the position (d, distance from the observer).  
 
To calculate what the limit on glare is for the houses along 39th Avenue across from the project, 
we need to determine their distances from the light sources, the area of the luminous part of the 
light source itself, and then use the table to calculate the maximum candelas.   
 
For this calculation, we can select (2) representative view points, a and b (see Figure 9 above).  
If the viewpoints from the second story windows are roughly 12’-0” above the ground, the 
vertical distance becomes: 90ft-12ft =78ft.   
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We can assume the size of the Musco lights is 0.03 to 0.13 m2, and the lighting zone is E3 (E2 
is shown for comparison), the glare (cd) limit of the luminaire can be calculated as: 
 
 Zone E2: Max candela allowed = 5 x distance from light source to the observer (m) 
 Zone E3: Max candela allowed = 7.5 x distance from light source to the observer (m) 
 
Table 5.  CIE Glare standards versus Musco 

 Horizontal 
distance 
(dh) 

Diagonal 
distance 
(dd) 

CIE Glare 
limit  
Zone E2 

CIE Glare 
limit  
Zone E3 

Musco’s Glare 
Impact Report 

Viewpoint a 128m 131m 655cd 830cd 1,000-5,000cd 

Viewpoint b 164m 166m 982.5cd 1245cd 1,000-5,000cd 
 
Referring again to Musco’s Glare Impact Study, it shows the houses across 39th Avenue from 
the school as largely falling into the 1,000cd - 5,000cd range, which is much higher than either 
the E2 or E3 limits. 
 
Other factors regarding glare 
Glare is also a factor of the spectrum of the light source.  “Discomfort glare, the irritation from 
bright lights in the field of view, tends to be increased with sources richer in short wavelengths 
(blue light).”16 This effect is worsened for seniors and those above age 65.17  
 

 
16 IES RP-33-14, p. 5 
17 “Light and Vision”, IES Ready Reference App, Illuminating Engineering Society, 2020. 
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Figure 10.  Visual Spectrum (copy of Figure 8) 

 
Just as the 5700K color temperature is closer to the melanopic response curve, it is also close to the 

“scotopic” response curve, which governs vision at low light levels (nighttime).  
Illustration by author based on:  “Light and Vision”, IES Ready Reference App, Illuminating Engineering 

Society, 2020 and https://www.allthingslighting.org/index.php/2019/02/15/filtered-leds-and-light-pollution/ 
 
Other glare metrics 
It should also be noted that there are other methods of evaluating glare that could be used to 
provide a more thorough and complete picture of the project’s potential for glare.  

 
Backlight-Uplight-Glare (BUG) Rating Method 
The BUG rating method (Figure 11) is used by California’s Title 24 & Calgreen, LEED and the 
MLO (all use the limits set forth by the MLO).  This method uses the photometric files of each 
light source (aka .ies files) and evaluates the quantity of light (in total number of lumens) being 
emitted from a source in various directions.  For the Backlight and Glare portions of the metric, 
the rating takes into account the height of the fixture and the distance to the property line.  
 
Musco has not provided the .ies files for their fixtures, so it is not possible to independently 
evaluate the design based on BUG ratings.  However, from the perspective of glare, given the 
wattage of the luminaires, their heights and the distances from the property line, it is unlikely 
that the design would comply with the limits set forth in the IES. 
 

https://www.allthingslighting.org/index.php/2019/02/15/filtered-leds-and-light-pollution/
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Figure 11.  BUG ratings 

 
Illustration of BUG rating 

Illustration by author. 
 
Calculated glare metrics 

Glare is a complex phenomenon and maximum candelas may not entirely encompass.  Current 
technology and software, including the use of HDR images (computer generated or 
photographed) can be used to conduct view-based analysis to determine the potential for glare 
more accurately.  Programs such as Evalglare (via Radiance) can be used to calculate various 
metrics including: CGI (CIE Glare Index), VCP (Visual Comfort Probability), and UGR (Unified 
Glare Rating, a simplification of CGI).18  
 
This is not cost prohibitive, and should be considered for a more complete evaluation of the 
potential for glare in the project, as well as a possible tool for making improvements to the 
design. 
  

 
18 Note, the metrics cited are specifically applicable to “artificial light sources”. Jakubiec, Alstan and Christoph 
Reinhart ““The Use of Glare Metrics in the Design of Daylit Spaces: Recommendations for Practice,” 9th International 
Radiance Workshop; September 20-21, 2010. 
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Why does this matter? 

Glare can make it hard to see while outdoors, and hard to sleep indoors if a strong light is 
shining into a bedroom window.  It is also unsightly and contributes to overall light pollution. 

2.4  General Light Levels at adjacent properties 
It should not go without notice that the current environment in the Sunset Neighborhood, 
adjacent to St. Ignatius, is a relatively low-light environment.  There are some street lights, but 
the low-density housing and open space and nearby ocean leave the neighborhood in relative 
darkness, not unlike many other neighborhoods in San Francisco.  
 
While light trespass limits help to understand how much light is spilling from the project onto 
adjacent property, it does not tell the whole story.  The IES provides guidelines for what light 
levels should be targeted so that the majority of users feel the lighting is visually acceptable.  
 
Because it is not necessary to light all parts of a property, the IES only provides 
recommendations for certain areas, for example pathways.  This is important because it is both 
atypical and not desirable to light all areas around a house (for instance, the front lawn).  The 
IES provides this in RP-33-14, Table 2b: Illumination Values under the designation “Paths to 
curb,” (see Appendix 5).  
 
Table 6.  IES acceptable light levels versus Musco 

Paths to curb-low activity (i.e. 
sidewalks from front door to street) IES Musco Photometrics, 

pp. 11, 12 

Horizontal 0.1fc avg 0.33fc 

Vertical 0.1fc avg 0.42fc 
 
Musco is showing light levels 3-4 times what is recommended in an LZ2 residential 
environment. 
 
Why does this matter? 

As with the light trespass values, the Musco photometrics show that the installation will 
significantly impact the light levels for residents, especially those directly across the street from 
the school.  This installation is dramatically changing the character of the neighborhood, 
particularly for those properties directly across the street.  What was once a generally low-light 
neighborhood is being transformed into a much higher-light-level environment. 
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2.5  Sports field light levels 
The Musco field is currently overlit for the class of play.  St. Ignatius has stated an anticipated 
800-1,500 spectators for football games.  According to IES RP-6-15, high school competition 
play with facilities up to 2000 spectators falls into Class III play.  The IES sets a light level of 
30fc average for Class III football and soccer (see Appendix 6).  Musco’s photometrics show an 
average of more than 50fc on the field. 
 
The IES RP-6-15 Sports and Recreational Area Lighting sets illumination targets for play based 
on skill level and number of spectators.  This is because, “illuminance is determined by the 
lighting required for the spectators seated farthest from the playing area.  This condition may 
require several times the illuminance level found to be sufficient to the sport.”19 
 
According to the IES RP-6-15, Table 2: Class of Play (see Appendix 6): 
 Class III: High school, facilities with spectator capacity under 2,000 
 Class IV: High school, facilities with limited or no provision for spectators 
 
In addition, during the other vast majority of times when the field will be used for practice with 
few or no spectators, light levels should be even lower, at Class IV play. 
 
Table 7 below shows the IES target average illumination levels for Class III and IV football and 
soccer play (see Appendix 6), as well as Musco’s designed average.  
 
Table 7.  IES sports field light levels versus Musco 

 IES Class III 
Football and 

Soccer 

IES Class IV 
Football and 

Soccer 

Musco Photometrics, 
p. 2 

Target Average 
Illumination Levels 30fc avg 20fc avg 54.71fc avg 

 
Why does this matter? 

The current design is overlighting the area.  Significant improvements to the project can be 
made by revising the design to meet the appropriate lighting targets, and by providing a system 
where light levels can be reduced to the appropriate light level depending on class of play.  By 
reducing the overall field light level, the other lighting metrics will be decreased as well.  These 
include glare, light trespass, and the potential negative effects on health. 

2.6  Light Pollution/Sky glow 
Completely absent from Musco’s presentation of the design is any consideration or quantifiable 
evidence of the effect of the installation on light pollution (sky glow).  In general, an evaluation of 

 
19 IES, RP-6-15 Sports and Recreational Area Lighting, 2015, p. 8. 
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light pollution, through a calculation of “uplight”, or light emitted above horizontal, is missing 
entirely from the report.  The IES, Title 24, LEED and the CIE all provide some criteria upon 
which uplight can be quantified, and it is important that Musco provide evidence of the 
performance of their installation via photometric reports.  
 
It is also important to note here that any calculation of uplight must take into account the angle 
at which the fixtures will be aimed upon installation.  A particular fixture .ies file may show light 
above horizontal, but if the fixtures are then tilted, light above horizontal may be emitted. 
 
Why does this matter? 

While stargazing and the health of plants and animals may not be the primary concern for this 
project, it does not mean that the project will not have an adverse effect on this.  So far, 
insufficient attention has been given to the impacts of the project on light pollution, and yet it 
must be considered as a factor.  Light pollution is a significant concern in the effort to conserve 
our natural environment. 

2.7  Light, health and schedule 
The SI project must be carefully considered because it affects several factors that are important 
in resetting the circadian clock: quantity, spectrum, timing and duration.  
 
Quantity: The installation is adding a significant amount of additional light to the area.  
Spectrum: The light is a cool-blue-enriched white (5700k) at which the circadian system is more 
sensitive. 
Timing: The residents will be exposed to the lighting after dark 
Duration: the lighting will be on regularly for hours at a time.  The school is planning on using 
the lights 150 nights of the year, until 8:30 or 9:00 pm.  More or less, this is the entire school 
year (September through May), and nearly 5 days a week.  Based on when the sun sets, this 
means that the lights will be on between 2 and 4 hours every night of the school year.  
 
Given that many residents likely have young children, who go to bed earlier than when the lights 
are scheduled to be turned off, this effectively eliminates darkness for their evenings. 
 
Why does this matter? 

As stated in the introduction the reduction of darkness at night has the potential to disrupt sleep, 
keep people awake and may have a direct negative impact on human health.  The project 
should look at alternatives for minimizing the impacts of the lighting installation on the 
environment and consider the health of the neighborhood residents. 
 



St. Ignatius Sports Lighting Proposal - Evaluation of Lighting Impacts 

24 

3.  Conclusion 
I disagree with St. Ignatius and Musco that the impacts of the lighting installation will not be 
significant.  The analysis above shows that the project:  

● Exceeds IES limits for light trespass 
● Exceeds CIE limits for glare 
● Exceeds IES recommendations for light levels near the residences 
● Exceeds IES recommendations for Class III competitive play for a lower light level 
● Fails to characterize the light pollution and uplight of the project 

 
In my opinion, the foreseeable light pollution caused by the project, as demonstrated by the 
exceedances of the IES and CIE limits discussed above, is significant.  The project will 
fundamentally change the nature of the neighborhood environment, particularly the residences 
across the street from the project.  The project will adversely affect the aesthetics of the 
neighborhood by increasing glare and light pollution in the area.  The quantity, timing, spectrum 
and duration of the lighting installation will have a deleterious effect on numerous environmental 
factors, especially the potential for sleep disruption and overall darkness of the environment.  
 
The project proposal by Saint Ignatius and Musco has failed to adequately provide alternative 
solutions that will mitigate the most negative aspects of the installation.  In several cases, the 
materials provided were insufficient or inadequate to confirm, independently that all steps have 
been taken to minimize negative impacts on the neighborhood.  In the case of the renderings, 
the materials were misleading and were not produced in a way in which any reasonable 
conclusions could be drawn.  In sum, the incomplete information provided makes it impossible 
to determine the extent of light pollution that will occur or what types of mitigation or alternatives 
could be utilized to avoid or substantially lessen the significant light pollution impacts that are 
likely to occur. 
 
I recommend the study be revised and re-presented to include the following:  

1. Provide .ies files and fixture cut sheets for independent verification/study of design 
proposal, and for confirmation that the fixtures are as well shielded as possible. 

2. Provide aiming angles for the fixtures 
3. Provide analysis of uplight caused by lighting 
4. Provide information on the purpose and distribution of the lights at the different heights 

shown in Musco’s drawing, particularly the ones at 16 and 65ft 
5. Conduct a thorough visual analysis using computer software of the overall luminance 

and potential for glare from the perspective of the residents 
6. Revise calculations to meet IES Class III sports lighting levels and provide ability to 

reduce further during Class IV play 
7. Explore options for reducing the quantity of time and/or number of days in which the 

installation is used 
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Please feel free to contact me with any questions. 
 
Signed, 

 
 
Kera Lagios, LEED AP, Assoc. IALD 
Principal, Atelier Fos 
(617) 680-0275 
keralagios@gmail.com 
 

mailto:keralagios@gmail.com
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Nikolas Weinstein 



 
Peirce Hill 
Singapore 
Nikolas Weinstein 
 
San Francisco Public Safety Building 
Fallen Officer’s Memorial 
San Francisco, CA 
Shimon Attie 
 
Stubbs Road 
Hong Kong 
Nikolas Weinstein 
 
 
RETAIL 
Market Basket #66 
Hooksett, NH 
Prellwitz/Chilinski Associates, Inc. 
 
 
URBAN and FAÇADE 
Liberty Mutual Headquarters 
Boston, MA 
CBT/Childs Bertman Tseckares, Inc. 
 
New Orleans Arena Façade Lighting 
New Orleans, LA 
Eskew Dumez + Ripple 
 
New York Port Authority Bus Terminal 
New York, NY 
A2a Media 
 
 
TRANSPORTATION 
Greenville-Spartanburg Int’l Airport 
Terminal Improvement Program 
Greer, SC 
Gensler 
 
South San Francisco Caltrain Station 
Pedestrian Plaza and Tunnel* 
South San Francisco, CA 
SWA Group 
 

 
DAYLIGHTING 

Arizona State University 
Tempe, AZ 
KPF 
 
Baylor University  
Paul L. Foster Campus for 
Business and Innovation 
Waco, TX 
Overland Partners 
A|L Awards Best Use of Daylighting, 2017 
 
Cholera Treatment Center Pavilions* 
Port-au-Prince, Haiti 
MASS Design Group 
 
Confidential New Company Headquarters* 
Vancouver, MA 
Morphosis 
 
Confidential New Office Building* 
Redmond, WA 
WRNS 
 
Confidential Office Building Renovation/Expansion* 
Silicon Valley, CA 
WRNS 
 
Denver Water* 
Denver, CO 
RNL Architects 
 
Harker School 
San Jose, CA 
Studio Bondy 
 
Martin Luther King School* 
Net Zero Energy Target 
Cambridge, MA 
Perkins Eastman 
 
Oakland USD Madison* 
Oakland, CA 
Byrens Kim 
 
Regen Projects Gallery 
Los Angeles, CA 
Michael Maltzan Architects 
 



Ross School of Business – Phase 2 
Ann Arbor, MI 
KPF 
 
Snowmass Condominiums* 
Snowmass, CO 
4240 Architecture 
 
UMass Lowell Student Center 
Lowell, MA 
Perkins + Will 
 
 



 

 

 

Appendix 1 
Lighting Zone Definitions 

IES Outdoor Environmental Lighting Committee, Lighting for Exterior Environments, RP-33-14. 
New York: Illuminating Engineering Society, 2014.  









 

 

 

Appendix 2 
IES Lighting for Exterior Environments,  

Table 5: Minimum Vertical Illuminance at any point 
 in the vertical plane of the property line 

IES Outdoor Environmental Lighting Committee, Lighting for Exterior Environments, RP-33-14. 
New York: Illuminating Engineering Society, 2014.  







 

 

 

Appendix 3 
LEED v4.1 Light Pollution Reduction 

Table 4, Maximum vertical illuminance at lighting boundary, by lighting zone 
USGBC, “Light Pollution Reduction,” LEED BD+C New Construction, v4.1, 2020.  



  
  



 

 

 

Appendix 4 
CIE 150, 2017 

Table 3, Maximum values for luminous intensity of luminaires in designated directions 
Members of TC 5-28 “Guide on the Limitation of the Effects of Obtrusive Light”, Guide on the 

limitation of the effects of obtrusive light from outdoor lighting installations, Second Edition, CIE 
150 2017. Vienna: Commission Internationale de L’Eclairage, 2017.  



 

 

 

 

TECHNICAL 
REPORT 
 

Guide on the Limitation of the Effects 
of Obtrusive Light, 2nd Edition 

 

CIE 150:2017  
UDC: 628.931 Descriptor: Artificial lighting: Design and calculation 
 628.971  Exterior lighting 

ISBN 978-3-902842-48-0 
DOI: 10.25039/TR.150.2017 
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Appendix 5 
IES Lighting for Exterior Environments 

Table 2b, Illumination Values 
IES Outdoor Environmental Lighting Committee, Lighting for Exterior Environments, RP-33-14. 

New York: Illuminating Engineering Society, 2014.  



















 

 

 

Appendix 6 
IES Sport and Recreational Area Lighting 

Lighting for Outdoor Sports, 8.10 Football and 8.27 Soccer 
IES Sport and Recreational Area Lighting Committee, Sports and Recreational Area Lighting, 

RP-6-15. New York: Illuminating Engineering Society, 2015. 
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