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Abstract
Glare is a potential by-product of any natural or electric light source. Generally viewed as a nuisance,
glare can be distracting, compromise visibility of a task, or give the feeling of being blinded by
brightness. Since the 1950’s, a lot of research and standards have been published about this topic.
Although some types of glare can be well-defined and measured, others lack definitive methods
for making accurate predictions. This document will discuss glare as it pertains to Outdoor Lighting
Applications. It will also identify luminaire design features and application techniques that can be used
to mitigate glare.

Introduction
ANSI/IES Recommended Practice RP-8-14
document defines glare in two ways - disability
glare and discomfort glare[1].
Disability glare reduces visual performance and
visibility which is caused by stray light that enters
the eye and scatters, this phenomenon is also
referred to as veiling luminance. An example of
disability glare would be driving down a two-way
street in the rain at night, where the raindrops
would scatter the light from an oncoming
vehicle’s headlights (Figure A). Disability glare
is well understood and can be calculated
quite accurately, in many different ways. All
formulations to calculate disability glare have
the same basic format, adopted from Adrian and
Bhanji’s 1991 equation for relative elevation of
contrast threshold[2].

(Figure A) Example of disability glare

Discomfort glare occurs when a light source in
the field of view is brighter than the luminance
to which the observer is adapted. Looking into
a bright flashlight in an otherwise dark setting
will be uncomfortable and is a good example of
discomfort glare (Figure B). The mechanism for
discomfort glare is not very well understood and
metrics available lack accuracy, partially due
to discomfort glare being subjective. Current
assessments typically use the De Boer rating
scale, which rates discomfort glare on a scale
of 1 to 9, where 1 is “unbearable” and 9 is “just
noticeable”[3].

(Figure B) Example of discomfort glare
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Max Vertical Intensity Angle and Glare Metrics
Luminous Intensity (candela or cd) is defined as
the luminous flux in a given specified direction
(lumens per solid angle), it expresses the
directionality, concentration, and strength of
light. Since Luminous Intensity changes based on
viewing angle, intensity of a given luminaire will be
perceived differently when viewed as a motorist or
as a pedestrian. Luminaires with Vertical Maximum
Intensity angles lower than 65˚ from Nadir will be
perceived as more acceptable to pedestrians in
terms of glare.
Unified Glare Rating (UGR) is a popular glare
metric for indoor lighting. However, this metric
does not apply well to outdoor lighting since
it assumes the observer does not look above
horizontal when experiencing the space. UGR also
takes into account the entire luminous aperture
rather than the effective luminous areas >500cd/

m2. Testing of a modified UGR to be used as an
outdoor glare metric is currently being performed
by the Pacific Northwest National Laboratory
(PNNL) and the IES Discomfort Glare in Outdoor
Nighttime Environments committee (DGONE).
The most adopted designation for glare at this
time in North America is part of IES TM-15-11[4]. The
BUG rating system for outdoor luminaires looks
at backlight, uplight, and glare. The “G” rating is
expressed as G0 to G5 (least to most glare). With
a BUG rating, it is easy to compare the “G” rating
between products and allows for an objective
comparison. The glare rating of BUG views angles
of 60˚ - 90˚ as the critical area for glare. This might
be true for motorists, but for pedestrians the glare
zone is 0˚ - 75˚ and should also be evaluated for
visual comfort in pedestrian areas (Figure C).
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(Figure C) Glare zones for pedestrians
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Color Spectrum Sensitivity and CCT
The eye and brain adapt which visual system is
used based on luminance levels of a scene. Color
spectrum sensitivity differs with each system
(IES Handbook 2.4 “Vision and the State of
Adaption”) (Figure D)[5].
Photopic Vision: This operating state of the
visual system occurs at luminances higher than
approximately 10cd/m2. For these luminances,
the visual response is dominated by the cone
photoreceptors, and is most sensitive at the
555nm wavelength (yellow/green colors).
Mesopic Vision: This operating state of the visual
system is intermediate between the photopic
and scotopic states, activated by luminance
levels between approximately 0.001cd/m2 and
approximately 10cd/m2 In the mesopic state
both cone and rod photoreceptors are active.
This system is most sensitive at the 528nm
wavelength (green colors).
Scotopic Vision: This operating state of
visual system occurs at luminances less than
approximately 0.001cd/m2. For these luminances,
only the large receptive fields consisting of rod
photoreceptors respond to stimulation. This
system is most sensitive at the 507nm wavelength
(blue colors).

Although Correlated Color Temperature (CCT)
is commonly used to describe the appearance
of warmth or coolness in a light source, it is the
Spectral Power Distribution (SPD) that indicates
how much energy is present in for a given color.
LED light sources with a peak spectral power of
approximately 450nm (rich with blue light) will
stimulate mesopic/scotopic vision more than a
spectral power peak of approximately 650nm
(rich with red light). The additional sensitivity of
the visual system at 450nm range will make the
light source seem brighter, which can increase
the appearance of glare.
This data shows that at night in mesopic/
scotopic conditions (luminance levels between
0 and 10cd/m2) using a light source that peaks
at 650nm will be perceived as less glary at the
same lumen output level as a source with a peak
spectral power of 450nm. This proves that light
sources with high energy or sources with low
power levels (such as Amber LEDs)below 555nm
will be perceived as less glary at lower light levels.

(Figure D) Visible Light Spectrum
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Luminaire Luminance and Shielding
The human eye adapts to the average luminance of
a visual scene. While the eye’s dynamic range can
perceive light levels from less than .01 lux (which
equates to starlight) to more than 100,000 lux (the
equivalent of a sunny day), it can only adapt to
one part of this range at a time. It is important to
understand contrast and contrast ratio limitations
when designing a lighting scenario.
Luminance indicates the brightness of light
emitted or reflected off of a surface and is
dependent on the viewing angle of the observer.
Measuring luminance of the lit area for an outdoor
luminaire can be performed with a handheld
luminance meter or with the use of High Dynamic
Range (HDR) images from a high-resolution
camera, though using HDR images still requires
calculations to translate to a usable value.

Since the luminous area of an LED luminaire can
be very high contrast to its surroundings, the
Effective Luminous Area (areas >500cd/m2) must
be considered. The two most common ways to
reduce glare of a luminous opening are to increase
the amount of effective luminous area >500cd/
m2 (reducing contrast), or to reduce the lumen
output for the same effective luminous area.
Spreading out brightness between LEDs is a key
component to reducing contrast of the Effective
Luminous Area and improving visual comfort.
It is possible to increase the effective luminous
area by adding a layer of heavy diffusion, but
this will likely soften distribution patterns and
reduce optical efficiency. It is also possible to use
specialized optics and reflector combinations
to spread out brightness between LEDs (Figure
E) and (Figure F). Some outdoor luminaires will
use shielding (e.g. shade or louvers) to hide the
luminous area from critical viewing angles, but
this can also decrease the efficiency and luminaire
spacing.

“
(Figure E) LED light engine with high contrast

LEDs used with precision
optics which can create
a very directional light
source increase the overall
efficiency but the trade off
is sometimes the possibility
of glare – if not designed
properly in accordance to
the application.

“

By Dr. Walter Wendel

(Figure F) LED light engine with low contrast
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Summary
Providing the right lighting solution for an exterior application should take into consideration glare,
along with the specific site requirements for spacing, efficiency, and visual comfort. Glare can cause
discomfort or disability, with varying levels being acceptable depending on the space. Current means of
measuring glare in exterior applications are not fully defined or comprehensive, but can often be used
to compare fixtures against each other to help make the best selection.
Various methods allow for glare in a space to be mitigated – through shielding, diffusion, selection of
warm CCTs, and reducing contrast of the Effective Lumionous Area. Some methods may not only cut
down on glare, but they may also reduce the efficiency of the luminaire. Factors outside of what was
covered in this paper including adaptation and the aging eye should also be considered when selecting
lighting. Also, the level of glare that an individual experiences is highly subjective. Therefore, lighting
designers (especially those in the architectural lighting field) should install mock-ups in order to confirm
adequate performance and visual comfort.
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