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*8l is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
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Chapter 1: Introduction

Properly designed roadway lighting enhances visibility and improves safety for all users at night. This is
especially true for pedestrian lighting installations, such as those at midblock and intersection
crosswalks. These installations help address the access and mobility needs of pedestrians, including
wheelchair and other mobility device users, during critical periods of darkness when the number of
pedestrian fatalities increases, even though motorized traffic volumes are lower.

FHWA published the Informational Report on Lighting Design for Midblock Crosswalks in 2008 (Gibbons
et al,, 2008). Since its publication, the research and practicing communities have continued to gain
experience and knowledge relevant to lighting design for midblock and intersection crosswalks.
Additionally, lighting implementation has benefited from significant technological improvements,
including widespread use of solid-state lighting; introduction of concepts more relevant to pedestrian
visibility, such as semi-cylindrical illuminance; adaptive lighting; and new research on how primary and
secondary design criteria influences pedestrian visibility.

This document serves as an updated version of the 2008 report, continuing the Informational Report's
role as a key resource for lighting design for midblock and intersection crosswalks. The American
Association of State Highway and Transportation Officials (AASHTO) Roadway Lighting Design Guide, 7™
Edition (AASHTO, 2018) is a key resource for lighting designers in the U.S. There have been
advancements in lighting technology and new key resources published since 2018 when the AASHTO
Roadway Lighting Design Guide was last updated. These include National Cooperative Highway
Research Program (NCHRP) Research Report 940, Solid-State Roadway Lighting Design (Lutkevich et al.,
2020a; Lutkevich et al.,, 2020b); FHWA's Research Report: Street Lighting for Pedestrian Safety (Terry et al.,
2020), Pedestrian Lighting Primer (FHWA, 2022), and 2023 FHWA Lighting Handbook (Gibbons et al.,
2023); and Recommended Practice: Lighting Roadway and Parking Facilities, known as RP-8-22 (IES,
2022). This Informational Report update fills a current gap by incorporating these new resources,
research findings, and lighting technologies with a focus on pedestrian visibility at night. It features
current information, reflecting research, equipment, and analysis advancements over the past 16 years.
It also expands on discussions related to luminaire types, design principles, design metrics, and other
key topics.

The report begins with background on relevant national trends in pedestrian fatalities and the
documented benefits of lighting for pedestrian safety and security. The background also includes a
description of how to use the informational report and a brief review of key reference materials related
to pedestrian visibility and lighting design. Chapter 2 reviews foundational visibility concepts, including
key definitions and factors affecting pedestrian visibility. Chapter 3 describes concepts and
considerations for midblock crosswalk lighting design, including lighting design criteria, luminaire
selection and placement, other lighting design considerations, crosswalk illuminators, and general
midblock design and traffic control strategies. Chapter 4 provides information on lighting design for
crosswalks at intersections. Chapter 5 contains two practical design examples covering a midblock
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crosswalk and an intersection. Chapter 6 concludes the report with a summary and descriptions of key
takeaways and future research needs.

Pedestrian Fatalities in the U.S.

Pedestrian fatalities in the U.S. have been increasing over the past 10 years, both in frequency and as a
percent of total U.S. traffic fatalities. Figure 1 shows that over 17 percent of people killed in traffic
crashes in 2022 were pedestrians, up from 14 percent in 2013 (NHTSA, 2024).

NHTSA reported that 77 percent of pedestrian fatalities in 2022 occurred in dark conditions (including
35 percent in "Dark — Not Lighted,” 40 percent in “Dark — Lighted,” and 3 percent in “Dark — Unknown
Lighting” conditions). This is an increase from 71 percent of pedestrian fatalities in dark conditions in
2013 (NHTSA, 2024). The "Dark-Lighted” category captures a wide range of lighting conditions and
points to the importance not only of providing lighting for pedestrian safety, but of providing well-
designed lighting. Figure 2 shows that pedestrian fatalities in dark conditions outnumber those in non-
dark conditions’. Figure 2 also shows that the ratio of night-to-day pedestrian fatalities® has been
increasing over the past ten years from 2.48 in 2013 to 3.36 in 2022. The increased risk for pedestrians
traveling at night becomes even more evident when one considers that only 25 percent of traffic
volume occurs after dark (Griffith, 1994; CIE, 2010). In other words, in the last five years, over 3 times
more pedestrian fatalities occurred during times when fewer vehicles are on the road.

Data indicate that minority communities experience a disproportionate burden of pedestrian fatalities in
dark conditions. Figure 3 shows that the Pacific Islander, American Indian, and Black communities
experience the highest percentages of pedestrian fatalities in dark conditions (NHTSA, 2024).

Lighting is one of FHWA's Proven Safety Countermeasures and can reduce nighttime pedestrian injury
crashes at intersections by up to 42 percent, nighttime crashes at rural and urban intersections by 33-38
percent, and nighttime injury crashes on rural and urban highways by 28 percent (FHWA, 2021a).

" Dark conditions are defined in this analysis as “Dark — Not Lighted,” “Dark — Lighted,” and “Dark — Unknown
Lighting”. Non-dark conditions capture remaining light condition categories: "Daylight,” “Dawn,” “"Dusk,” "Other,”
“Not Reported,” and “Unknown.” In other words, the sum of dark and non-dark pedestrian fatalities equals the
total number of pedestrian fatalities.

2 Ratios of night-to-day pedestrian fatalities are defined in this analysis as the ratio of the number of fatalities
during dark conditions to the number of fatalities during daylight, dawn, or dusk conditions.



8,000 20%

18%
7,000

16%
6,000
14%

5,000
! 12%
4,000 10%

[+
3,000 8%

Pedestrian Fatalities

6%
2,000
4%

1,000
! 2%

0 0%
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Pedestrian Fatalities as a Percent of Total Traffic Fatalities

Year

N Pedestrian Fatalities === Peorcent Pedestrian Fatalities of Total Traffic Fatalities

Figure 1. Graphic. Pedestrian fatalities per year and pedestrian fatalities per year as a percent of total
traffic fatalities. Source: NHTSA.



8000 3.50
3.18
3.14

7000 500
6000 S
250 &
)
%] =
£ 5000 g
= 2.00 ¢
§ 4000 g
= =
@ 1.50 &
S A
T 3000 g
o
4994 S
as43 [l 452> [ 2834 4719 1.00 £
2000 o
3405 [l 3510 =

1000 0-50

0 0.00

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Year

I Pedestrian Fatalities in Dark Conditions i Pedestrian Fatalities in Non-Dark Conditions

=== Night-to-Day Pedestrian Fatality Ratio

Figure 2. Graphic. Pedestrian fatalities per year in dark and non-dark conditions and night-to-day
pedestrian fatality ratio. Source: NHTSA.

82% 82% o
81% 76% 290

American Pacific Black Hispanic White Asian
Indian Islander

Figure 3. Graphic. Percent of pedestrian fatalities that occurred in dark conditions by race (2012-2021).
Source: NHTSA.



Midblock and Intersection Crosswalk Characteristics and Crash
Data Trends

Crosswalks are present at both midblock and intersection locations and play a key role in connecting
pedestrians to their trip destinations. A midblock crosswalk is any crosswalk that occurs at a location
other than an intersection (IES, 2022). Midblock crosswalks enhance the transportation network for
pedestrians and other vulnerable road users by facilitating crossings that are not served by existing
roadway intersections (NACTO, 2013). Midblock crosswalks are often placed near transit stops, schools,
parks, building entrances, retail locations, and other key destinations.

The use of midblock crosswalks and their characteristics can vary greatly depending on the area type,
surrounding land use, and other factors that define context and user needs. For example, in dense
urban areas with closely spaced signalized intersections, pedestrians may be more likely to walk to the
nearest signalized intersection to cross. But in less dense urban, suburban, or rural areas, blocks are
longer, traffic signals are less frequent, and signal cycles are longer. Requiring pedestrians to navigate
to the nearest intersection to cross in these types of areas is less convenient for pedestrians and does
not provide pedestrians with adequate levels of accessibility and connectivity to their destinations
(FHWA, 2006). Implementing midblock crosswalks improves connectivity but must also be done in a
way that recognizes context and prioritizes safety. For example, midblock crosswalks on lower-volume,
lower-speed roadways may be relatively simple to implement, while midblock crosswalks across multi-
lane, higher-volume, and/or higher-speed roadways may require additional treatments to alert drivers,
slow vehicle speeds, and reduce the complexity of the crossing movement for pedestrians.

Lighting is particularly important at midblock crosswalks because drivers may be less expectant of
crossing pedestrians at these locations during nighttime travel than at intersections. Lighting at
midblock crosswalks helps bring a driver's attention to the midblock crossing location and detect
pedestrians from longer distances.

Crosswalks at intersections are also an important component of a transportation network. Intersections
represent key connection points between different roads and therefore serve to facilitate network
connectivity for all road users. Intersections feature conflict points, which are points where the paths of
different road user movements cross, merge, or diverge, including the locations where motor vehicle
paths intersect with pedestrian crosswalks. Marked intersection crosswalks help designate how
pedestrians should navigate an intersection and indicate to motorists that pedestrians should be
expected at the intersection. Lighting is important at intersection crosswalks to assist drivers
approaching and navigating through an intersection at night to detect and yield to crossing
pedestrians.

NHTSA's national fatal and injury crash databases do not contain a specific data attribute for midblock
crosswalks (NHTSA, 2024). The national databases do support assessments of the number of fatalities
that have occurred at intersection and non-intersection locations, with non-intersection locations
including, but not limited to, midblock crosswalks. Dark conditions are a risk factor for pedestrian
fatalities at both location types. From 2013 to 2022, 67 percent of intersection or intersection-related



pedestrian fatalities occurred in dark conditions. Over the same period, 79 percent of non-intersection
pedestrian fatalities occurred in dark conditions (NHTSA, 2024). These percentages correspond to night-
to-day pedestrian fatality ratios of 2.05 for intersection and intersection-related locations and 3.76 for
non-intersection locations (NHTSA, 2024).

Benefits of Lighting for Pedestrian Safety and
Security

Studies of the effects of lighting on road safety concluded that proper lighting has the potential to
reduce the number of nighttime pedestrian fatalities and injuries. These studies have resulted in crash
modification factors (CMFs)? that quantify reductions in the number of vehicle/pedestrian crashes due
to lighting ranging from 0.58 (42-percent reduction) to 0.19 (81 percent reduction), depending on the
crash severity of interest. These include CMF IDs 435, 436, 440, 441, and 2379 in the CMF Clearinghouse.
Citing the work of Elvik & Vaa (2004) and Ye et al. (2008), FHWA's Proven Safety Countermeasures*
resources highlight the following safety benefits of lighting (FHWA, 2021a):

e 42 percent reduction in nighttime injury pedestrian crashes at intersections.
e 33-38% reduction in nighttime crashes at rural and urban intersections.
e 28% reduction in nighttime injury crashes on rural and urban highways.

More recent research is not only capturing the effects of lighting presence, but how safety performance
changes as a function of lighting design parameters. Zhou & Hsu (2012) collected illuminance data over
3 years along a 32-mile U.S. 19 corridor in Florida. The corridor had the highest pedestrian crash
frequency in the county. More than 82 percent of the pedestrian crashes along the corridor occurred on
segments with some type of lighting already present. The researchers paired illuminance data with
nighttime pedestrian crash data and found that road segments with lower levels of lighting were
associated with a higher frequency of nighttime pedestrian crashes than segments with higher light
levels. Nearly half of all the crashes occurred on segments where the illuminance was less than 10
lumens per square meter (lux). This study’s findings highlighted that pedestrian safety depends not only
on lighting presence, but also on the level of light that is provided.

The ability to take lighting measurements in the field with mobile equipment is continuing to improve
knowledge of how different lighting levels and design parameters relate to nighttime crashes.
Bhagavathula et al. (2015) collected illuminance measurements from 99 rural intersections in Virginia

3 A crash modification factor (CMF) is a multiplicative factor that quantifies the anticipated number or rate of
crashes that will occur after implementing a roadway safety countermeasure, compared to pre-implementation
conditions. For more information regarding CMFs, visit https://www.cmfclearinghouse.org/

4 The FHWA Proven Safety Countermeasures are a collection of countermeasures and strategies effective in
reducing roadway fatalities and serious injuries on highways, with a focus on speed management, intersections,
roadway departures, and pedestrians/bicyclists. For more information regarding Proven Safety Countermeasures,
visit https://highways.dot.gov/safety/proven-safety-countermeasures



with and without lighting. Their model results showed that a one lux increase in the average horizontal
illuminance corresponded to a seven percent decrease in the night-to-day crash ratio. In a more recent
and expansive study of intersections in Virginia, Li et al. (2020) found that nighttime crashes were
related to the minimum illuminance and the illuminance uniformity in the intersection. The analysis
showed a 2.9 percent reduction in night-to-day crash ratios for each 1-lux increase of minimum
illuminance. A one unit increase in illuminance uniformity® of the intersection was associated with a 1.9
percent increase in night-to-day crash ratios. The study focused on horizontal illuminance
measurements and did not address vertical illuminance or presence of pedestrians.

In addition to increasing the risk of pedestrian crashes, dark conditions can also have negative effects
on pedestrian security. People may avoid walking at night as a precaution against potential crime
(Painter, 1996). Darkness is one of the primary factors that influences potential personal risk and
heightened fear, as darkness reduces visibility and recognition (Painter, 1996). Women report
experiencing fear, real or perceived, at night that significantly constrains their travel behavior (Smith,
2008; Loukaitou-Sideris, 2010). Studies have documented that women suffer disproportionately high
rates of victimization, especially from gender violence and theft, at night (Smith, 2008). Well-designed
lighting plays a role in reducing women'’s fear of walking or accessing transit at night (Loukaitou-Sideris,
2010).

Several other studies show that new or improved lighting increases pedestrians’ perception of security.
Pefia-Garcia et al. (2015), for example, surveyed 275 pedestrians in Granada, Spain and found that
higher illuminance levels tend to increase perceptions of security. This finding substantiates several
other studies that have shown lighting to influence perceptions of security (Loewen et al., 1993; Nasar
et al,, 1993; Nasar & Jones, 1997). In addition, the type, quality, and distribution of lighting also affect
perceived security (Boyce et al., 2000; Haans & de Kort, 2012; Markvica et al., 2019; Portnov et al., 2020).

New or improved lighting can increase security and encourage pedestrian activity at night, including at
and near transit stops. This can improve the safety and security of transit riders while boarding,
alighting from, or waiting for transit. The American Public Transportation Association (APTA) developed
the document Security Lighting for Transit Passenger Facilities as a resource for these situations (APTA,
2009).

How to Use This Report

This informational report is directed at transportation planners, designers, and operations personnel
involved in enhancing safety, accessibility, and mobility of all users of a road network. It can serve as an
introduction to pedestrian lighting design for crosswalks, especially in combination with some of the
additional reference materials presented in the following section. It may be particularly valuable for
transportation safety practitioners and other agency staff who may not be directly involved in lighting

> Li et al. (2020) used an illuminance uniformity definition for the crash analysis that was (maximum illuminance —
minimum illuminance) / average illuminance. Therefore, an increase in this ratio means a less uniform lighting
design.



design but would benefit from an increased understanding of the basic principles, benefits, and design
considerations for lighting pedestrian crosswalks.

Some readers may read through the whole report; doing so will provide a well-developed
understanding of key lighting terminology and design considerations at midblock and intersection
crosswalks, and which design resources to use. Other readers may find this report more useful as a
reference for specific, focused topics and can use the table of contents to navigate to a particular
chapter or section.

It is important that a qualified lighting designer perform the actual steps of lighting design using the
resources described in the following paragraphs and finalize any design plans.

Key Reference Materials

There are several key lighting design and warranting guidance documents that serve as the basis for
roadway lighting design in the U.S. The American National Standards Institute (ANSI) and the
llluminating Engineering Society (IES) published Recommended Practice: Lighting Roadway and Parking
Facilities, known as RP-8-22 (IES, 2022). This document includes lighting design criteria for roadways
and other facilities, including roadway segments, tunnels, intersections, and parking areas. Some
sections of RP-8-22 deal specifically with midblock and intersection crosswalks, including content on
lighting measurements, design considerations, issues, and recommendations as well as a design
example with calculations.

As highlighted in the introduction to this report, AASHTO published the seventh edition of the Roadway
Lighting Design Guide in 2018 (AASHTO, 2018). The guide reviews lighting systems and recommends
minimum design criteria. It also provides some guidance on warranting lighting installations.

In 2022, AASHTO released the first edition of the Solid-State Lighting Guide, a design, maintenance, and
operations guide specific to solid-state lighting (SSL) technology using light-emitting diodes (LEDs).
This guide is a companion to the Roadway Lighting Design Guide. It is based on research conducted
through the National Cooperative Highway Research Program (NCHRP) and is also detailed in NCHRP
Research Report 940, Solid-State Roadway Lighting Design (Lutkevich et al., 2020a; Lutkevich et al.,
2020b).

There are other key resources that provide information on nighttime visibility and lighting design
research findings, guidance, and key considerations. The 2023 FHWA Lighting Handbook is a resource
for lighting designers and policy makers to inform processes for evaluating lighting needs and benefits,
with the goal of improving safety through optimal lighting installation (Gibbons, et al.,, 2023). FHWA's
Pedestrian Lighting Primer was published as an introductory resource for transportation practitioners
interested in understanding the safety and security benefits, as well as the key design considerations, of
pedestrian lighting (FHWA, 2022). It draws on the FHWA research report Street Lighting for Pedestrian
Safety that documents the benefits of pedestrian lighting as determined through visibility research
(Terry et al., 2020). The Transportation Association of Canada’s (TAC) Guide for the Design of Roadway
Lighting provides guidance on the planning and design of outdoor lighting for various types of roadway



and pedestrian facilities (TAC, 2006). The TAC Guide includes warrant worksheets for different facility
and site types that evaluate the need for lighting based on various geometric, operational, and
environmental factors. The worksheets, which employ a point score system, are based on the format
first proposed in NCHRP Report 152 (Walton & Rowan, 1974).

FHWA's Safe Transportation for Every Pedestrian (STEP) initiative promotes effective, proven
countermeasures for increasing pedestrian safety at uncontrolled midblock crosswalks (FHWA, 2021b;
Blackburn et al., 2018). One of the STEP countermeasures is crosswalk visibility enhancements, which
includes lighting as well as signing, markings, and geometric design elements such as curb extensions.
STEP developed materials to promote this countermeasure, including a tech sheet, video, and other
products (FHWA, 2018; FHWA, 2019).

FHWA encourages States and communities to adopt and implement Complete Streets policies that
prioritize the safety of all users in transportation network planning, design, construction, and operation.
Section 11206 of the Bipartisan Infrastructure Law defines Complete Streets standards or policies as
those that “ensure the safe and adequate accommodation of all users of the transportation system,
including pedestrians, bicyclists, public transportation users, children, older individuals, individuals with
disabilities, motorists, and freight vehicles.” There is no one-size-fits-all approach to Complete Streets.
Identifying community context and needs is necessary to provide equitable streets and networks that
prioritize safety, comfort, and connectivity for all users of the transportation system.

Designs that prioritize safety and access for all users may include features such as sidewalks, bicycle
lanes, dedicated bus lanes, accessible public transportation stops, safe and accessible crosswalks,
median refuge islands, pedestrian and bicycle signals, curb extensions, narrower travel lanes, lighting,
and roundabouts.

A Complete Streets design model includes:

e Measures to set and design for appropriate speeds.

e Separation of different user types in time and space.

e Improvement of connectivity and access for pedestrians, bicyclists, and transit riders, including
people with disabilities.

e Implementation of Proven Safety Countermeasures to address safety issues.

Complete Streets can help improve safe access for all users, particularly on urban and suburban non-
freeway arterials, and on rural arterials that serve as main streets in smaller communities.
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Chapter 2: Visibility Concepts

There are several important metrics that define the performance of a light source. llluminance and
luminance are measures of light incident on a surface or emitted from a source, respectively, and are
the most common metrics for measuring the quantity of light. Contrast is the measurable visible
difference between a person or object and its background and a significant determinant of how visible
an object is. Lighting design guidelines consider these basic metrics and concepts; however, a wide
variety of other visual factors and individual differences make universal standards for visibility difficult to
generalize.

Design criteria and recommended practices are guided by basic measures of lighting levels such as
average and average-to-minimum ratios. RP-8-22, a key reference identified in Chapter 1, includes
criteria for average luminance, illuminance, and uniformity ratios for various road classifications (IES,
2022). The AASHTO Roadway Lighting Design Guide provides recommended lighting levels using
illuminance criteria (AASHTO, 2018). Both publications consider various characteristics of the design
facility, which influence the recommended quantity and uniformity of light, including roadway
classification, pedestrian activity level, and other factors. FHWA regulations do not require the use of
these sources or the procedures they contain.

llluminance

[lluminance is a measure of how much light is falling on a surface per unit area. llluminance is measured
in International System (SI) units of lux (Ix) or non-SI units of foot-candles (fc) common to the US, where
one foot-candle is equal to 10.764 lux. There are three methods of measuring illuminance when
considering lighting designs: horizontal, vertical, and semi-cylindrical.

Horizontal Illuminance

Horizontal illuminance is measured in a horizontal orientation (see figure 4), defining the amount of light
falling on a horizontal plane such as a road surface. Increasing horizontal illuminance at night with lighting
improves the accuracy and speed at which information can be ascertained by the user from the roadway
environment (Boyce, 1973; Rea, 2000; Eloholma et al,, 2006; Terry et al., 2016). Previous studies have
indicated that nighttime crashes at intersections can be mitigated by an increase in the horizontal
illuminance level (Ando & Kanoshima, 2002; Minoshima et al., 2006; Oya, Bhagavathula et al., 2015; Li et
al. (2020). However, there may be an optimal point beyond which no additional benefit is gained from
further increasing horizontal illuminance.
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Vertical llluminance

Vertical illuminance defines the amount of light falling on a vertical plane or surface (see figure 4).
Vertical illuminance helps road users detect and identify objects, but also influences the amount of glare
experienced by those users. The vertical-to-horizontal illuminance ratio is a measure of potential glare,
with higher ratios representing more glare. To characterize glare experienced by drivers from a lighting
design, measurements of vertical illuminance are typically recorded at the eye level of drivers oriented
to their path of travel. To characterize the amount of vertical illuminance falling on a pedestrian
intended to be seen by drivers, the measurement is oriented towards the direction of approaching
drivers at a measurement height of 1.5 m (5 ft) from the ground to represent the height of a standing
adult pedestrian. Research has shown that driver detection distances of pedestrians increase with
increasing levels of vertical illuminance in crosswalks (Edwards & Gibbons, 2008). Again, there may an
optimum vertical illuminance no additional pedestrian visibility benefit is gained from further increasing
vertical illuminance.

Semi-Cylindrical llluminance

Whereas vertical illuminance is a measure of the amount of light falling on a flat surface in the vertical
plane, semi-cylindrical illuminance is a measure that represents the amount of light falling on an upright
semi-cylinder (see figure 4). It is the average vertical illuminance on the curved surface of the upright
semi-cylinder in figure 4 (Gibbons et al., 2023). Semi-cylindrical illuminance may more accurately
represent the visibility of pedestrians and recognition of facial features since it helps account for the
three-dimensional nature of pedestrians. It may also be a particularly helpful metric in urban settings
with a significant amount of ambient light. Semi-cylindrical illuminance is an effective metric for
pedestrian lighting requirements when considering pedestrian-to-pedestrian interactions on a
pedestrian facility given that facial recognition can be important for a pedestrian’s perception of safety.
Like vertical illuminance, research indicates that higher levels of semi-cylindrical illuminance correspond
to an increase in pedestrian detection distance (Terry et al., 2020).

g =y

Horizontal llluminance Vertical llluminance Semi-Cylindrical llluminance

Figure 4. Graphic. Horizontal, vertical, and semi-cylindrical illuminance diagrams. Source: FHWA.
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Luminance

Luminance is the amount of light that reflects from a surface in a specific direction per unit area of the
surface. Luminance is measured in either Sl units of candela per square meter (cd/m?) or non-Sl units of
footlambert (fL), where one fL is equal to 3.426 cd/m?. In terms of visual perception, an observer
perceives luminance. It is an approximate description of how “bright” an object appears when viewed
from a given direction. The 2023 FHWA Lighting Handbook notes that “luminance is a much better
metric than illuminance because it considers not only the amount of light that reaches a surface, but
also how much of that light is reflected toward the driver” (Gibbons et al., 2023). At night, drivers may
be able to detect objects and pedestrians sooner as the average luminance of the roadway increases
(He et al., 1997; Lewis, 1999; Cuvalci & Ertas, 2000; Gibbons et al., 2015). However, the following sections
will highlight that this will also depend on other factors that affect visibility.

Factors Affecting Pedestrian Visibility

In addition to the common lighting metrics used to define the quantity of light provided and reflected,
there are other elements that influence a viewer's ability to detect and identify pedestrians in and
around the roadway, including the visual background, reflectance, and contrast. The following sections
provide a summary of additional factors affecting pedestrian visibility at night.

Visual Background

The visual background for most crosswalks consists of the roadway and the general environment
surrounding the roadway. The general environment surrounding the roadway can vary significantly
depending on the area type and land use. Roads in urban and suburban areas are more likely to have
the types of adjacent features that increase background luminance. For example, bright off-roadway
lighting installations such as those at gas stations, banks, or shopping areas increase background
luminance and can reduce pedestrian contrast, making pedestrian detection more difficult. The concept
of contrast is discussed later in this section.

Another reason that background luminance affects pedestrian detection is that background luminance
is not uniform. The background is dependent on the driver’s perspective while approaching a
pedestrian. This can depend on the type of background, which will vary by area type, and by road
geometrics (e.g., horizontal curvature, vertical grade). In figure 5, a driver’s view approaching a
pedestrian in the roadway is shown at distances of 61 m (200 ft) and 305 m (1,000 ft) from the
pedestrian. Red arrows point to the pedestrian crossing the roadway. Figure 5 shows that the
background against which the pedestrian is viewed changes as the vehicle approaches the pedestrian.
At 305 m (1,000 ft), the pedestrian is primarily seen against the environment around the roadway (e.g.,
the sky and unlit distant background), whereas at 61 m (200 ft) the lower half of the pedestrian is seen
against the bright background of the lit roadway. A lighting system should be designed to provide
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adequate performance even with a bright background. Typically, the brighter the background, the
higher the vertical illuminance that is provided at a pedestrian crossing.

Figure 5. Photograph. Visual background for driver in a vehicle observing a pedestrian at 61 m (200 ft)
and at 305 m (1,000 ft) from the pedestrian. Source: FHWA.

Ambient lighting is a significant contributing factor to high levels of background luminance. Locations
that are surrounded by developed land uses may experience a higher level of ambient lighting. Common
sources of ambient lighting include parking lots, gas stations, restaurants, hotels, banks, and industrial
sites. While discussed in the context of higher background luminance levels at intersections, the 2008
informational report noted that vertical illuminance level of 30 lux is considered a conservative estimate
of desired design criteria with higher levels of ambient lighting (Gibbons et al., 2008) and highlighted
additional research is needed to study the effects of this specific issue.

Diffuse Reflectance

Light incident on a surface is either absorbed or reflected. There are three types of reflectance: specular,
diffuse, and retroreflection. Under specular reflectance, the light is reflected at an equal and opposite
angle from the angle of incidence (both angles measured from the normal of the surface). Diffuse
reflectance occurs when the light is reflected in all directions, with the amount of reflected light in any
given direction proportional to the cosine of the angle between the direction of reflection and the
normal of the surface. Retroreflection occurs when light is reflected back toward the source of
illumination. Pedestrian clothing tends to produce more diffuse reflectance. Thus, the properties of a
diffuse reflector are used to calculate the luminance of a pedestrian under roadway lighting. The
general equation for the luminance of a diffuse reflector is shown in figure 6 as a function of
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illuminance and the Lambertian reflectance. Lambertian reflectance is a property of a surface that
represents the amount of light reflected by the surface in all directions.

X E
L=—p
T

Figure 6. Equation. Luminance of a diffusely reflecting surface.
Where,
L = observed luminance
p= Lambertian reflectance (unitless value less than 1)

E = illuminance

Contrast

Contrast is the measurable visible difference between an object and the object’s background. There are
two types of contrast: color contrast and luminance contrast. Color contrast is the measurable
difference between two colors and luminance contrast is the measurable difference in apparent
brightness between an object and its background.

Weber contrast is one method of measuring luminance contrast, which considers the difference in the
object luminance and background luminance divided by the background luminance. The formula for
Weber Contrast is presented in Figure 7. When the object appears brighter than the visual background,
the weber contrast is positive, ranging from zero to infinity. When the background appears brighter
than the object (i.e., the object appears in silhouette), the weber contrast is negative with a value
ranging from negative one to zero. Figure 8 depicts a pedestrian in negative and positive contrast.

Lobject - Lbackground

Weber Contrast =
Lbackground

Figure 7. Equation. Weber contrast.
Where,
Lobject = Object luminance

Lbackground = background luminance
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Figure 8. Photograph. Negative contrast (top) and positive contrast (bottom). Source: IES.

By substituting the object luminance with a specific reflectance (<Object) and the vertical illuminance
(Everticat), cOntrast may be rewritten as shown in figure 9.

Popject * Everticar L
T — H“FBackground

=
LBackgrmmd

Figure 9. Equation. Weber contrast (redefined with object reflectance and vertical illuminance).

In this formula, if the object of interest is a pedestrian, the reflectance (“opject) is determined by the
pedestrian’s clothing. The vertical illuminance on the pedestrian (Eerical) is provided by a light source
(e.g., roadway lighting, headlight), and the background luminance (Lpackground) is determined by the
location of the crosswalk in the roadway and the surrounding environment. Vertical illuminance is the
main parameter controlled by the designer for midblock crosswalk lighting. Although a public agency
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has little influence over pedestrians’ clothing selections, high reflectance clothing will certainly improve
detection. Research showed that the detection distance for a pedestrian dressed in white clothing was
higher than that for a pedestrian dressed in denim or black clothing, regardless of illuminance level
(Edwards & Gibbons, 2008). Public outreach regarding high reflectance clothing may have a positive
influence on pedestrian safety; however, this should not be relied upon as an effective safety strategy.

The type of pavement material also impacts the contrast of pedestrians at night. Typically, an asphalt
road will reflect far less light than a concrete surface will, resulting in a lower background luminance
and therefore higher contrast for pedestrians at locations with high vertical illuminance. Designers
should be aware of the potential visibility impacts of the pavement material. Future asphalt overlays
over an existing concrete surface would affect pavement reflectance characteristics (IES, 2022).

Contrast Polarity

As mentioned above and illustrated in Figure 8, contrast can be either negative or positive. Whether an
object is seen in negative or positive contrast is referred to as contrast polarity. RP-8-22 notes that
while historically, the use of negative contrast was thought to be beneficial for pedestrian detection,
research is showing that positive contrast for pedestrian detection has many advantages, especially
when considering that an approaching vehicle's headlamps reinforces positive contract (IES, 2022).
Pedestrian visibility studies conducted in Switzerland showed that rendering pedestrians in positive
contrast (i.e., pedestrians are illuminated from the approach side of a vehicle, rendering them brighter
than the background) reduced pedestrian-vehicle crashes by two-thirds (Wilken et al., 2001).

At distances less than 30 m (100 ft), the vertical illuminance provided by vehicle headlamps will typically
result in an object having a higher luminance than a roadway background, resulting in the desired
positive contrast; however, at distances greater than 100 m (330 ft), background luminance can often
exceed the luminance of a pedestrian, resulting in negative contrast. For the intermediate range from
30-100 m (100-330 ft), the contrast polarity will depend on several factors, including the presence of
fixed roadway lighting, the reflectance of the road surface, the reflectance of the pedestrian (i.e.,
clothing), and the intensity profile of the vehicle's headlamps. A well-designed pedestrian lighting
system will provide adequate vertical illuminance to allow for motorists to detect pedestrians at these
longer distances to allow additional time for reaction and braking.

Contrast Variance

Contrast variance refers to the uniformity of contrast across an entire object of interest. Objects in a
real-world environment typically have varying contrast levels rather than a single, perfectly uniform
contrast. Both Figure 5 and Figure 8 show examples of this. The contrast can change from negative to
positive and vary in magnitude. In the context of pedestrian lighting, a pedestrian’s clothing may be a
source of contrast variance, with darker fabrics providing less contrast than brighter fabrics when
viewed against the same background. Different background surfaces behind the pedestrian may also
contribute to contrast variance. Depending on the extent of contrast variance, the detectable portion of
a pedestrian and detection distance may be limited, with drivers most readily identifying the portions of
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a pedestrian in high contrast. Lighting designers do not have direct control of contrast variance but
should be aware of it effects.

Visibility Level

An object in the visual field has a theoretical threshold contrast: the minimum luminance contrast at
which the object can be detected (Adrian, 1989). The threshold contrast is a function of the visual size of
the object (typically described by the visual angle, ¢, of the object), the length of time an observer is
looking at the object, the adaptation luminance (Ladaptation) Of the observer, and the age of the observer.
An object at threshold contrast has a probability of detection of 50 percent. Therefore, to promote
reliable detection of objects or pedestrians on or along the roadway, lighting conditions should provide
an actual contrast that is greater than the threshold contrast. The ratio of the actual contrast to
threshold contrast is defined as the visibility level (VL). VL provides a measure of the visibility conditions
and is one way to evaluate the performance of lighting installations. In the case of a crosswalk, a higher
VL for a given condition indicates that a pedestrian is more easily seen than an installation with a lower
VL. The equation for VL is shown in figure 10.

VL = CActual — CActual
Crnresnoa  f(ObjectSize (a), Age, Lagaptation, ObservationTime (t)

Figure 10. Equation. Visibility level (VL).

VL can be modified by changes in the threshold contrast or the actual contrast; however, many of the
factors from which threshold contrast is derived are not controllable by a lighting designer. The age of
the observer and the observation time cannot be changed, and neither can the visual size of the object,
which is determined by the distance from the observer to the object of interest. This means that
adaptation luminance and actual contrast are the only values that may be influenced by a designer to
modify VL.

For roadway applications, the luminance of the road surface is the adaptation luminance of the
observer. Therefore, an increase in roadway luminance will increase the threshold contrast while also
decreasing the actual contrast. This often results in a reduction of VL. For crosswalk lighting, where the
lighting system used to illuminate the pedestrians also illuminates the background road surface,
designers should strive to achieve a balance between the level of roadway (background) luminance and
the vertical illuminance provided for pedestrian visibility.
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Types of Vision

The background luminance of an object determines its
contrast and determines the type of vision the human
eye will use. The human eye has three operating states
that are sensitive to different lighting conditions:

photopic, scotopic, and mesopic vision.

Photopic vision is responsible for the perception of

color and thrives mainly during the day when plenty of

light is available. Photopic vision predominantly uses

the cones of the eye, located in the fovea, and is T 0 z
responsible for visual acuity. Cones are sensitive to

direct light, have high visual acuity, and losing them can

cause legal blindness (Boyce, 2009). P D L E

Scotopic vision is nearly opposite of photopic vision in D E F Z C

that it utilizes rods instead of cones. Rods have low
visual acuity, are sensitive to scattered light, and are FCZDED?P
present throughout the retina of the eye with a sharp

decline in the fovea. Scotopic vision is engaged in low LEPZDTFO
light situations and a loss of rods results in night
blindness (Boyce, 2009). FPOTETPFDC

Finally, mesopic vision is a combination of the
responses from photopic and scotopic vision (FHWA,
2023). Mesopic vision is typically engaged in twilight © r r z c T o=
conditions and when driving at night. Mesopic vision
occurs when driving at night because the fovea is
typically focused on where the headlamps shine and the
shroud of night results in a surrounding dark environment
(Boyce, 2009). Mesopic visual acuity can be measured
separately using pre-made filters available for a back-lit
Snellen eye exam. A Snellen exam uses a chart of letters to determine visual acuity based on the
smallest letters that can be identified by the observer. An example Snellen Eye Exam is shown figure 11.
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Figure 11. Graphic. Example of the
Snellen Eye Exam.
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Chapter 3: Midblock Crosswalk
Lighting Design Considerations

FHWA's Pedestrian Lighting Primer explained that lighting design accounts for a variety of factors and
considers a number of outcomes, including safety and comfort for all road users, impacts to the
environment, and energy consumption (FHWA, 2022). It describes the lighting design process in five
general steps:

Assess potential lighting needs.
Select design criteria.

Select equipment.

Determine control strategy.
Design and verify.

i wn o=

This chapter provides general considerations related to these five steps in the context of lighting design
for midblock crosswalks. It is not intended to supersede lighting design resources that an agency uses
to guide its lighting design practices.

Assessment of Potential Lighting Needs

The need for roadway lighting is frequently assessed using lighting warrants or sets of conditions
evaluated at a study site to inform the decision of whether to install lighting. Lighting warrants
commonly include assessments of the amount of traffic (motorized and nonmotorized), roadway
geometry, surrounding environment, and crash history. Lighting practitioners in the U.S. generally
reference three sources of lighting warrant procedures, though FHWA regulations do not require the
use of these sources or the procedures they contain:

e AASHTO Roadway Lighting Design Guide, 7" Edition (AASHTO, 2018).
e Transportation Association of Canada (TAC) Guide for the Design of Roadway Lighting (TAC, 2006).
e NCHRP Report 152 Warrants for Highway Lighting (Walton & Rowan, 1974).

The 2023 FHWA Lighting Handbook includes a chapter on warranting that brings together key
warranting approaches and describes their scope and coverage. For example, the handbook references
AASHTO's Roadway Lighting Design Guide for highway, freeway, interchange, and bridge lighting
warrants. The handbook references warrants in the TAC Guide for the Design of Roadway Lighting for
major, collector, and local roads as well as for intersections. The TAC warrants are based on the
approach taken in NCHRP Report 152, Warrants for Highway Lighting. The 2023 FHWA Lighting
Handbook also describes the application of CMFs to help determine if roadway lighting is expected to
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be a cost-effective safety investment at a location. The handbook highlights that there is no defined
warranting system for pedestrians, but that a weighted score that captures pedestrian needs is included
in warranting point score systems for roadways and intersections, such as that in the TAC Guide for the
Design of Roadway Lighting. The TAC Guide for the Design of Roadway Lighting addresses midblock
lighting, noting that midblock crosswalks should always be illuminated if there is nighttime pedestrian
activity, regardless of roadway condition.

The 2023 FHWA Lighting Handbook also describes the characteristics, limitations, and ongoing work
related to lighting warrants (Gibbons et al., 2023). The handbook recommends that a jurisdiction
develop a master lighting plan rather than allowing third parties to use warrants to decide whether to
light:

Lighting master plans define the purpose of lighting and contain area maps with road types,
classifications, land use, pedestrian and cyclist routes, parks, and other infrastructure information.
They can also contain information regarding luminaires and poles, light sources, lighting levels,
design criteria, design and construction specifications, historical considerations, and
recommendations. This information is combined in a single, organized package that becomes the
basis for lighting projects (Gibbons et al., 2023).

The study by Li et al. (2020) demonstrated how the ability to collect in-field lighting measurements is
improving the ability to draw linkages between lighting levels and nighttime crash reductions and how
this information can then inform a transportation agency's policies and practices related to both
lighting needs assessments and lighting design.
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Selection of Design Criteria

Once a need for lighting in the study area is established, lighting design criteria are then established. The
selected design criteria for general roadway lighting applications are typically a combination of primary
criteria and secondary criteria:

e Primary criteria are the desired lighting levels in the project area that the lighting system is
designed to provide. Lighting levels are often defined using measures of luminance or illuminance.

e Secondary criteria guide the characteristics of a lighting system, including aesthetics, comfort of
the light source, and the ability to limit excess light output.

Design criteria are achieved by careful selection and balancing of various factors. There are five general
factors that a lighting designer can control to influence the performance of roadway lighting:
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Spectral Power
Lighting level Distribution Spatiality Timing Duration
(SPD)

e Lighting Level is the amount of light provided by the lighting system. Metrics for lighting level
may include luminance and illuminance measures on the design facility, or the level of lumens
emitted from a luminaire. For more information regarding lighting levels, refer to the Primary
Design Criteria section of this report.

e Spectral Power Distribution (SPD) characterizes the color qualities of a light source by
identifying the intensity of light emitted from a source across a range of wavelengths,
particularly within the visible spectrum of light. For more information regarding SPD, refer to the
Secondary Design Criteria section of this report.

e Spatiality is the spatial or dimensional distribution and direction of light emitted from a source.
For more information regarding spatiality, refer to the Equipment Selection section of this
report.

e Timing is the time of day that light is provided by the system.

e Duration is the length of time that light is actively provided for a facility. For more information
regarding timing and duration, refer to the Control Strategy section of this report.

These factors may be adjusted to meet the intended design criteria. The lighting level and spatiality are
adjusted to meet the primary criteria selected for a site. All five factors can affect the secondary criteria.
Lighting designers should be aware of the impacts of each factor and how they relate to each other.
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Each factor can contribute to the following outcomes:
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For example, if a luminaire is selected for a design that has inappropriate spatial distribution of light for
the application, that luminaire selection may result in increased energy consumption and skyglow due to
wasted light, along with other potential negative impacts on the environment. Research has also shown
that the lighting level has a significant impact on surrounding flora and fauna, greater even than spectral
content of the light (Gaston & Bennie, 2014; Schroer & Hélker, 2016; Falcon et al., 2020).

Lighting design involves selecting an effective combination of the five design factors that will both meet
the intended design criteria, while limiting unintended drawbacks of the performance of the lighting
system. This principle of lighting design, as well as considerations specific to these overarching factors
and outcomes, will be evident in the subsequent content on both midblock and intersection crosswalk
lighting.

Primary Design Criteria

Primary design criteria and recommended practices are guided by basic measures of lighting levels such
as average and average-to-minimum ratios. RP-8-22, Recommended Practice: Lighting Roadway and
Parking Facilities, identifies criteria for average luminance, illuminance, and uniformity ratios for various
road classifications (IES, 2022). The AASHTO Roadway Lighting Design Guide provides recommended
lighting levels using illuminance criteria (AASHTO, 2018).

Primary design criteria for midblock crosswalks focus on providing sufficient vertical illuminance for
reasons provided in Chapter 2. The previous 2008 version of FHWA's Informational Report on Lighting
Design for Midblock Crosswalks noted that an average vertical illuminance of 20 lux in the crosswalk,
measured at a height of 1.5 m (5 ft) from the road surface, provided adequate detection distances in
most circumstances (Gibbons et al., 2008). RP-8-22 notes the following for vertical illuminance in
midblock crosswalks:

Research shows that maintained average vertical illuminance in crosswalks of 20 to 40 lux will
benefit the visibility of the pedestrian. It is recommended that the designer consider a level of 20 lux
for areas with low pedestrian conflict, 30 lux for areas with medium pedestrian conflict and 40 lux
for areas with high pedestrian conflict.
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These recommended vertical illuminance values by pedestrian conflict/activity level and based on RP-8-
22 are shown in table 1.

Table 1. RP-8-22 Recommended Vertical llluminance Levels for Midblock Crosswalks.

Pedestrian Conflict Target Average Vertical

Facilit -
g (Activity Level) llluminance

Low
. 20 lux (1.9 fc)
(0-10 pedestrians per hour)

. Medium
Midblock crosswalk ) 30 lux (2.8 fc)
(11-99 pedestrians per hour)

High

40 lux (3.7 f
(100+ pedestrians per hour) ux (3.719)

At the time of its publication, RP-8-22 noted that research into the optimal level of vertical illuminance
was ongoing. Bhagavathula et al. (2021a) measured pedestrian detection distances at both intersection
and midblock crosswalks under different lighting designs. The study’s findings reinforced the principle
that the best visual performance (i.e., longest pedestrian detection distances) occur when the lighting
design renders the pedestrian in higher positive contrast. Bhagavathula et al.’s findings also indicated
that lower levels of vertical illuminance than previously reported by Gibbons et al. (2008) and
recommended in RP-8-22 could provide adequate visibility. The authors concluded that “Midblock
crosswalks should be illuminated to a minimum average vertical illuminance of 10 lux (0.9 fc).
Beyond this light level there is not a statistically significant increase in drivers’ visibility of
pedestrians.” Bhagavathula et al. (2021a) therefore recommended a minimum required average vertical
illuminance of 10 lux (0.9 fc) for midblock crosswalks for luminaires in front of the crosswalk in each
travel direction (the desired staggered layout as discussed later in the document) as well as for
crosswalk illuminators (also discussed later in the document).

As noted in Chapter 2, designers should consider the amount of ambient light present, understanding
that high levels of ambient light may require higher levels of vertical illuminance to achieve sufficient
visibility of pedestrians. Additional research is needed to more fully understand the impact of ambient
lighting on nighttime visibility and safety performance.

Lighting design for private sites often follow separate design criteria and review procedures than those
used for roadway lighting. Agencies should coordinate closely with zoning or land use committees to
minimize the potential negative impacts of ambient light on road user visibility. Development
ordinances should be regularly assessed and updated to appropriately limit light output, trespass, and
glare, and careful reviews of site plans should occur during the permitting process.
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Per RP-8-22, the average vertical illuminance of midblock crosswalks is based on measurements for a
series of points 1.5 meters (5 ft) in height, along the centerline of the crosswalk, extending to the edge
of the roadway, and spaced at 0.5 meters (1.6 ft) for each driving direction (see figure 12).
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Space between grid pointsis 0.5 m (1.6 ft) Grid point height is 1.5 m (5 ft) from Roadway
Surface in center of crosswalk

Figure 12. Graphic. Typical calculation grid for midblock crosswalks per IES RP-8-22. Source: FHWA.

RP-8-22 recommends that, if the roadway with the midblock crosswalk is continuously lighted, the
horizontal luminance of the roadway should meet or exceeded recommended levels in RP-8-22's
Chapter 11.

Luminaire Placement

Luminaire placement at crosswalks has historically involved locating poles directly over the crosswalk, or
even behind the crosswalk. These placements do not provide the desired vertical illuminance necessary
to improve visibility of pedestrians. Luminaires should be in advance of the crosswalk for each direction
of vehicle travel, typically no less than 10 ft (3m). This is sometimes called a staggered arrangement, an
example of which is shown in figure 13. The precise location of the luminaire is dependent upon the
equipment selection, as each model of luminaire has a unique distribution and intensity of light output.
Designers may use photometric analysis software to fine-tune and verify individual pole locations to
maximize the vertical illuminance in the crosswalk.
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Figure 13. Graphic. Typical light pole arrangement for a midblock crosswalk. Source: FHWA.
Secondary Design Criteria

Secondary design criteria help guide the characteristics, selection, and placement of the light sources.
Agencies or municipalities may provide policies or master plans that influence the selection of
secondary design criteria. This section discusses secondary criteria related to spectral power
distribution, correlated color temperature of the light source, glare, surround ratio, and light trespass.

Spectral Power Distribution (SPD) is a characterization of the intensity of various wavelengths of light
emitted from a source. This information is typically presented in a graph that shows which colors of the
visible spectrum are most prominent (see figure 14, for example). Some light sources may have a
relatively flat distribution across all wavelengths, while others may have pronounced peaks of intensity
of one or more wavelengths. White LEDs often have a sharp peak in intensity in the blue wavelengths.
Each light source has a unique SPD.
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Figure 14. Graphic. Example Spectral Power Distributions of various roadway luminaires. Source: FHWA.

Although SPD is regarded as a more precise metric for specifying the characteristics of light, SPD has
not yet been widely adopted as the standard metric in lighting practice. Correlated Color Temperature
(CCT) is often used in practice as a proxy for SPD. Rather than a plot of intensities across all
wavelengths, CCT is a single measure of the apparent color output of a light source, measured in
degrees Kelvin (K) (IES, 2022). Luminaires manufactured for use in roadway and pedestrian applications
are tested for color temperature. CCT represents the relative warmth of the emitted light. Lower values
(e.g., 2700K) indicate a warm, yellow tone of light; higher values (e.g., 5000K or more) indicate a cool,
blue tone of light; a neutral white is around 4000K. CCT remains widely used and is generally easier to
understand than SPD. However, by using a single measure for apparent color, some information may be
lost by using CCT instead of SPD. For example, two light sources with identical CCTs may have
significantly different impacts on flora and fauna. The 2023 FHWA Lighting Handbook notes that SPD
should be used when assessing lighting sources for environmental impacts (Gibbons et al., 2023).

When used, CCT considerations can be applied to any type of light source. It typically becomes
important with LED light sources, as the technology of LED lighting allows for a wide range of available
CCT options. Other types of light sources do not allow the same flexibility. LED luminaires allow for a
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wide range of CCTs that the designer may select, typically ranging from 2,700 K to 6,000 K for outdoor
applications.

In the FHWA research report, Street Lighting for Pedestrian Safety, researchers evaluated CCT selection
on the visual performance of drivers in detecting pedestrians. The researchers compared pedestrian
detection distances under three LED light sources ranging from 2200 to 5000 K. Results determined the
detection distances under the 2200 K LEDs were significantly shorter than the 4000 K and 5000 K LEDs
under the same luminance levels as shown in figure 15 (Terry et al., 2020).

The 2023 FHWA Lighting Handbook highlights a growing need to understand the relationships between
roadway light level, melatonin suppression, and driver alertness and health. One of the first such
empirical studies conducted by Bhagavathula et al. (2021b) and cited in the FHWA Lighting Handbook
concluded that there were no differences between 4000K LED roadway lighting, 2100K HPS roadway
lighting, and no roadway lighting in terms of salivary melatonin suppression as well as subjective and
objective measures of alertness.

LUMINANCE
0.5 1 0.5 1 2 0.5 1 2
(cd/m2)  (cd/m2) | (cd/m2) (cd/m2) (cd/m2) (cd/m2) (cd/m2) (cd/m2)
100
0
: 80
= 0
]
= 60
G
= 50
= 40
=
v L)
'_
w
@] 20
10
OrX —
2200K 4000 K 5000K
& CORRELATED COLOR TEMPERATURE %
Warm Cool

Figure 15. Graphic. Detection distance for rural highway by light type and luminance. Source: FHWA.
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Glare. Glare is associated with difficulty seeing or discomfort due to a light source in direct view of the
observer (IES, 2022). Glare may occur from any light source, including roadway luminaires, ambient
light, and vehicle headlights. There are two types of glare that may occur due to the presence of a light
source:

o Disability glare is intensity from a light source that limits a road user’s ability to see.

e Discomfort glare occurs when light from a light source causes discomfort to a road user.

It is important for both types of glare to be minimized. RP-8-22 provides recommended maximum
allowable levels for glare (IES, 2022). Glare can become a potential issue for pedestrian scale lighting
(6.5m in height or lower), when the light source is in more of a direct line of sight to observers. Glare
also increases in proportion to the amount of light emitted from a source. It is important for the
designer to balance the need to provide an effective light level while minimizing excessive glare. Figure
16 shows an example of glare from a light source. In the presence of high levels of glare, research
indicates that increasing the vertical illuminance results in improvement of pedestrian detection
distances. The Pedestrian Lighting Primer (FHWA, 2022) recommends an additional 2 semi-cylindrical lux
or 0.5 cd/m? to overcome the increase in glare associated with lower mounting heights.

Figure 16. Photograph. Example of glare from a light source. Source: FHWA.

Surround ratio is a ratio of the illuminance spilling over the edge of a path or roadway relative to the
illuminance on the path or roadway (CIE, 2000). A surround ratio is calculated by comparing the average
illuminance in the area adjacent to a roadway, equal in width to one travel lane, to the average
illuminance in the roadway. A surround ratio of at least 80 percent may provide benefits for the
detection of objects and pedestrians both in and near the roadway.
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Light trespass occurs when excess light falls on areas or surfaces that are not intended to be
illuminated, such as private properties, residential areas, or the night sky (IES, 2018). A common method
of quantifying light trespass is by calculating the vertical illuminance on a vertical plane at the public
ROW limits. Light trespass is minimized with careful selection, placement, and orientation of luminaires
so that light is directed toward the area intended to be illuminated. Alternatively, shielding of a light
source may be an effective means of blocking unwanted light output from a luminaire. Recommended
limitations on light trespass often become more stringent in areas of environmental sensitivity. RP-8-22
provides recommended maximum allowable levels for light trespass based on environmental zone
ratings (IES, 2022). Environmental zones are determined by surrounding land use and development.

Equipment Selection and Other Design
Considerations

After the design criteria for a project location have been established, lighting equipment is selected for
the design. The following sections cover various aspects of equipment section and other design
considerations.

Luminaire Selection

Luminaires are often selected based on an inventory of existing lighting installations or preferences and
policies of the responsible agency. When feasible, equipment is selected to minimize the total light
output while meeting the goals of the project and the design criteria. Characteristics of luminaires that
affect the product selection are discussed in the following sections.

IES Distribution Type

IES distribution type refers to a classification system that describes the lateral and longitudinal pattern
of light produced by a luminaire. Distribution types range from Type | (very linear output) to Type V
(circular output). Definitions and classification of light distribution types is included in RP-8-22 (IES,
2022). General representations of IES distribution types are presented in figure 17.

Selection of appropriate IES distribution type is especially relevant when considering pedestrian lighting
systems. Distribution types are selected with the facility and pole layout in mind and can considerably
affect the required pole spacing and efficiency of the lighting system. Selection of a Type | or Type Il
luminaire allows for more light to be directed toward the design facility while limiting light trespass
when the facility is narrow and linear. The direction of light from a Type | or Type Il luminaire typically
provides greater vertical illuminance at longer distances from the pole location. As the design facility
becomes wider, selection of a Type Ill or even Type IV may be necessary to effectively light the more
distant (from the luminaire) portions of the design facility. Type V luminaires provide even distribution
of light in all directions, usually in a circular or square pattern. Type V luminaires may be beneficial for
lighting open public areas and parking lots but are not desirable for crosswalk and intersection
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applications due to wasted backward light. Designers should select luminaire types on a case-by-case
basis and adjust pole locations as appropriate to achieve the desired vertical illuminance.

TYPE | TYPE I

TYPE Il TYPE IV

Figure 17. Graphic. General representation of IES distribution types. Modified from IES RP-8-22. Source:
FHWA.
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Luminaire Classification System (LCS)

The Luminaire Classification System (LCS) for outdoor lighting defines the quantity of light from a single
luminaire that is directed in angles of interest to the designer. The light output is measured in lumens
and as a percentage of total lumen output in the forward, backward, and upward directions. The LCS
further subdivides these categories into more specific angles and zones. Each zone is defined by a
range of angles from nadir (directly below/under the light source). A graphical representation of each of
these classification zones is depicted in figure 18.
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Figure 18. Graphic. Forward, backward and upward zones for LCS. Source: IES.

The information provided in a LCS report may be useful to identify the general orientation and spread
of light from a particular luminaire. A sample LCS report is depicted in figure 19. An LCS report may
serve as a preliminary screening tool to identify luminaires specific for crosswalk or other pedestrian
lighting, where vertical illuminance is desirable for the pedestrian zones. Luminaires with a higher
proportion of light output in the mid zones (FM and/or BM), and high zones (FH and/or BH) will direct
light in a more horizontal direction. An increase in horizontally traveling light typically results in higher
vertical illuminance, which is desirable for pedestrian lighting. Luminaires with a significant amount of
light output in low zones (FL and/or BL) may be more applicable for general roadway or surface
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lighting. Designers try to balance the benefits of higher light angles providing more vertical illuminance
for pedestrian visibility with the drawbacks of excessive light in the high and very high zones (FH, FVH,
BH, and BVH), which contribute to increased glare. A carefully selected luminaire will allow for increased
pole spacing, resulting in lower installation and maintenance costs while still achieving the desired
design criteria.

Photometiic File

Descnption ] Clagsification \] LCS (" Candela uf:l I;ES
LCS Zone Lumens ZLamp Zlum
FL  [0-30) 331.0 MLA 38
FM  [30-B0) 3009.7 MLA 341
FH  [60-B0) 27281 M.A 3.0
Fs/H  [80-30) 17.4 M4 0.2
BL  [0-30) /a7 M.A. 4.1
BM  [30-60) 1441.0 M.A. 16.3
BH  [60-80) 927 4 M.A 105
BYH [B0-30) 1.3 N.A&, 0.0
UL [80-100) 0.0 M.&. 0.0
UH _ [100-180) 0.0 N.A 0.0
Total 98146 M4 100.0
BUG Rating B2-UD-G2

Figure 19. Graphic. Sample Luminaire Classification System (LCS) report. Source: AGi32, Lighting Analysts
2024.

Vertical Illuminance Visualization

The suitability of a luminaire can be visualized using lighting design software tools. When evaluating if a
selected luminaire is appropriate for pedestrian lighting, it is critical to consider the horizontal
component of light, measured as vertical illuminance. Lighting design software may be used to estimate
the vertical illuminance at a height of 1.5 m (5 ft) as recommended in RP-8-22. The resulting values,
when plotted as isolines, show the region of a facility that meets or exceeds the desired vertical
illuminance criteria, which is assumed to be 20 lux for this example midblock crosswalk. In figure 20, the
vertical illuminance does not meet the desired values of 20 or more lux. In addition, the peak intensity is
slightly offset from the center of the crosswalk. This may be corrected by adjusting the pole location.

32



Figure 20. Graphic. Vertical illuminance distribution from crosswalk luminaire. Source: Agi32, Lighting
Analysts 2024.

The graphic in figure 21 provides software output for an alternative luminaire with similar wattage and
lumen output. However, the different distribution of light from this luminaire becomes evident when
looking at the plot. The selected luminaire provides a minimum of 20 lux throughout the crosswalk area
for vehicles approaching the crosswalk from the right. The peak intensity of vertical illuminance is
centered on the crosswalk, indicating an ideal pole location.

33



Luminaire

Figure 21. Graphic. Vertical illuminance distribution from crosswalk luminaire, Alternative Luminaire.
Source: Agi32, Lighting Analysts 2024.
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Mounting Type

One of the primary factors in selecting equipment is the mounting height of the luminaire, which is
typically measured from the pavement surface to the light source. Luminaire mounting height plays a
significant role in designing lighting for pedestrian facilities. Sometimes, the selected mounting height
is lower than in lighting systems installed exclusively for roadway lighting. Luminaire mounting heights
for roadway applications is often 30 to 50 ft (9 to 15 m). Pedestrian scale lighting is typically mounted at
a height of less than 20 ft (6 m) and may be selected for aesthetic or historical reasons.

Pedestrian Scale Lighting

In the FHWA research report Street Lighting for Pedestrian Safety, researchers compared the detection
distances for drivers of motor vehicles when viewing pedestrians when under pedestrian scale lighting
and road scale lighting. Results of the experiment indicate an increase in detection distance when
pedestrian scale lighting was present. Detection distances also increased with higher levels of pavement
luminance (Terry et al., 2020). Figure 22 shows the two-way interaction between light type and
luminance for pedestrian scale lighting using data from the report. Based on the findings of this
research, mounting heights of less than 6.5 m or 20 ft are expected to provide improved visual
performance in areas where pedestrians are present. There is an expected trend downward in the
detection distances when going from higher luminance levels (2 cd/m?) to medium (1 cd/m?) to low (0.5
cd/m?). For road scale, the higher luminance produced longer detection distances as expected, but
average detection distances for low and medium luminance levels were not significantly different.

A disadvantage of pedestrian scale lighting is an increase in the glare produced by the light source, as
these lower luminaires are closer to the line of sight of the driver. When pedestrian scale lighting is
used, an additional 2 semi-cylindrical lux or 0.5 cd/m? allows for the lighting performance to overcome
the increase in glare associated with lower mounting heights.
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Figure 22. Graphic. Detection distance by light type and luminance. Source: FHWA.

Lower mounting heights are typically associated with a decrease in pole spacing to achieve the desired
design criteria, since the effective area illuminated by each light source becomes smaller. As the pole
spacing decreases, the required total number of poles for a lighting system increases. Selection of
appropriate wattage for the luminaires can allow the designer to balance the benefits of pedestrian
scale mounting heights with the increased energy consumption. Luminaires are available in a range of
wattage options while maintaining the desired aesthetic qualities.

Effects of Landscaping and Structures

In the built environment, fixed objects may partially obscure a luminaire, resulting in shadows or
reduced light levels on the design facility. Elements such as bridge overpasses buildings, and other
structures may completely block light travel. If fixed objects are expected to be a lighting design
constraint, they can be modeled in a lighting design software to assist with pole placement. Deciduous
trees and shrubs placed near light poles can become a significant limiting factor during warm seasons
(figure 23). When feasible, light pole locations should be selected to avoid interference from
landscaping features and structures that may block light in the roadside environment. Routine
maintenance may be necessary to prevent trees and landscaping from interfering with the distribution
of light.
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Figure 23. Photo. Example of trees in conflict with light poles. Source: Google Earth.

Lamp Type

Light emitting diode (LED) roadway lighting installations increased rapidly during the 2010s to become
the predominant type of roadway lighting used on U.S. roadways, overtaking high pressure sodium
(HPS) as the leading technology (Elliott & Lee, 2020). LED lighting has inherent benefits over other light
sources, including increased energy efficiency, improved optics, color rendition, and ranges of SPD, CCT,
and wattage options. LEDs often allow for precise application of light to the design facility, with less
wasted light and significantly less upward light, when oriented downward. Due to the differences in
these lighting technologies, designers must carefully evaluate and select the most appropriate LED
alternative to replace outgoing HPS lighting for retrofit projects. This is especially true if existing light
poles are to remain in place and the designer is unable to adjust pole locations. If existing light poles
can be replaced, selection of LED alternatives may allow for greater pole spacing.

Designers should take care to select LED fixtures that meet the needs of a particular design. Factors to
consider include, but are not limited to, wattage, IES distribution type, SPD, CCT, and glare. Luminaires
considered for installation should be modeled and selected using a lighting design software package.

Alternative lamp types that may be installed include high pressure sodium (HPS) and metal halide (MH).
HPS lamps, although widespread before the broad use of LED lighting, are now being phased out of
production. Replacement HPS lamps may be difficult to find. HPS produces an amber light, while MH
produces a white or bluish-white light. Research has not shown a significant difference in detection of a
black-clothed pedestrian under HPS and MH lighting; however, pedestrians dressed in denim were
detected at longer distances under MH lighting. The same lighting level (i.e., meeting lighting design
criteria), is recommended regardless of the selected lamp type.
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Transition Lighting

When road users travel into and out of highly lit and unlit areas, they may experience an effect like glare
that is known as transient adaptation (Terry et al., 2016). RP-8-22 discusses situations where illumination
on one roadway or section of roadway may be significantly higher than adjacent areas (IES, 2022). Such
situations may include work zones, tunnels, or intersections between higher-volume arterial roadways
and lower-volume local streets. They may also include areas where only intersections are lighted and
intersection approaches or roadway segments are not (Terry et al., 2016). Transition lighting is additional
lighting implemented adjacent to these areas to gradually change the level of lighting the user
experiences and mitigate the effects of transient adaptation. Lighting designers should pay special
attention to the presence of midblock crosswalks in areas where transient adaptation is a concern and
can design transition lighting if appropriate for the crosswalk presence and location.

Control Strategy

A lighting control system is a set of hardware and software that adjusts power and light output for a
lighting installation. Control strategies vary from a simple on/off setting triggered at dusk and dawn, to
fully adjustable dimming controls that respond to a programmable schedule or motion in the project
area. The designer’s selection of the proper control strategy is based on input from the maintaining
agency and local community, as well as on characteristics of the project location, including vehicle or
pedestrian activity.

Adaptive Lighting

Adaptive lighting is a design strategy where the light output is dynamic and is adjusted as conditions
change (Gibbons et al., 2014). This typically involves lighting that dims when road users are not
detected in the area and then increases to full light levels when users are detected. The dynamic nature
of adaptive lighting, including its precise dimming and instant-on capability, is made possible by solid-
state lighting technology. Adaptive lighting holds promise for reducing energy consumption, light
trespass, and skyglow (DOE, 2019). Other benefits may include longer service life of lighting hardware
and lower maintenance costs.

Adaptive lighting can be particularly applicable to pedestrian facilities, including midblock crosswalks. In
areas where pedestrian activity is high during the evening hours but low during the late-night hours,
the lighting system can be designed to dim when the pedestrian volume decreases. Generally, adaptive
lighting systems are not designed to turn off completely, as there is an expectation that a facility with
lighting installed will remain lit during all hours of darkness. Instead, the system may be designed to
maintain a low level of light. When combined with pedestrian detection at a midblock crosswalk
location, adaptive lighting may have an added benefit of indicating to approaching motorists that a
pedestrian is in the area.

FHWA developed the report Design Criteria for Adaptive Roadway Lighting to present criteria and
design levels for adaptive roadway lighting based on analyses of safety and lighting performance
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(Gibbons et al., 2014). The research used pedestrian presence as a parameter for developing the design
criteria, and the report includes design criteria for pedestrian areas.

Design and Verification

Once the need for lighting has been established, and the designer has selected design criteria, lighting
equipment, and control strategy, the lighting system is then designed in a photometric analysis
software package. There are several market ready software tools capable of detailed illuminance,
luminance, and glare calculations. Using site survey data and the selected lighting equipment, the
designer can use this software to develop a three-dimensional model of a proposed light pole layout.
The photometric analysis provides calculated results for illuminance, luminance, glare, and other metrics
that are used to evaluate the proposed lighting layout. The calculated photometric results are then
compared to both the primary and the secondary criteria. If the criteria are not appropriately met, the
layout is refined through a change in pole spacing, offset from the roadway, mounting height, or
luminaire selection. This iterative process continues until the design is optimized, when the selected
design criteria are met while minimizing the number of poles and luminaires. Chapter 5 of this
document provides examples illustrating this iterative approach.

Pole placement is a critical step in the design process that, in addition to affecting the lighting results,
includes consideration of local and State requirements, utility conflicts, and ease of maintenance,
among other factors. Additional information about pole placement is included in the latest edition of
the AASHTO Roadside Design Guide (AASHTO, 2011).

Crosswalk llluminators

Traffic control product manufacturers have developed bollard type or post-mounted high-intensity
crosswalk illuminators. Figure 24 depicts a motorist's view of a midblock crosswalk with and without
crosswalk illuminators. These crosswalk illuminators may be desirable in locations where overhead
lighting is unattainable. Bollards may be used in combination with other TCD treatments including
rectangular rapid flashing beacons (RRFBs). As this is an emerging technology and the capability of LED
lighting continues to evolve rapidly, additional research should be performed to study the performance
of this crosswalk lighting treatment. One known study, however, showed promising results for their use.
Bhagavathula et al. (2021a) concluded that, where overhead lighting is not available, crosswalk
illuminators can be used to illuminate midblock crosswalk locations, as they render pedestrians in
positive contract. Bhagavathula et al.'s (2021a) test track study showed that the crosswalk illuminators
used in their study “had detection distances that were comparable to the best overhead crosswalk
lighting designs (staggered and positive contrast) at an average vertical illuminance of 10 lux (0.9 fc)
and beyond.”
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Figure 24. Photograph. Midblock crosswalk with (right) and without (left) crosswalk illuminators.
Source: IIHS.

Additional Treatments to Improve Midblock
Crosswalk Visibility

There are several countermeasures and treatments that can be applied at midblock crosswalk locations
to improve visibility in both daylight and dark conditions. These treatments increase driver attentiveness
and awareness of the crosswalk, indicate that a pedestrian is crossing or waiting to cross, and/or
improve visibility for both crossing pedestrians and approaching motorists. Many of these treatments
can be applied in combination, depending on the characteristics of the individual crosswalk. However, it
is important to note that these treatments do not serve as a replacement for overhead lighting or
crosswalk illuminators with respect to achieving adequate detection distances at night. Pedestrian
crossing treatments deployed in combination with lighting greatly increase pedestrian visibility
compared to pedestrian crossing treatments alone (Bhagavathula et al., 2021a).

High-Visibility Crosswalk Markings

High-visibility crosswalk markings can use several different patterns, but they all incorporate
longitudinal or diagonal lines (i.e., lines parallel to the direction of vehicle travel). The most common
pattern is the continental, or longitudinal bar, though others including bar pair and ladder are also
considered high visibility (Schroeder et al., 2023). Figure 25 depicts a variety of crosswalk markings and
indicates the high-visibility options while figure 26 shows a pedestrian using a crosswalk with high-
visibility markings.

Research has shown that drivers are able to detect high-visibility midblock crosswalk markings farther in
advance of the crosswalk than basic transverse crosswalk markings, including during nighttime
(Fitzpatrick et al., 2010). Additionally, high-visibility crosswalk markings were associated with higher
driver yielding rates, by around 14 percent on average (Schroeder et al., 2023). For these reasons, high-
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visibility crosswalk markings are preferred at midblock crossing locations compared to transverse
crosswalk markings (Blackburn et al., 2018). The Manual on Uniform Traffic Control Devices (MUTCD)
provides standards and recommendations on crosswalk markings (FHWA, 2023).

Transverse

[ Longitudinal

Bar

High- Ladder
Visibility adde

L Bar Pair

Figure 25. Graphic. MUTCD guidance for crosswalk markings. Source: FHWA.

Figure 26. Photo. A pedestrian crosses the road at a midblock crosswalk using high-visibility crosswalk
markings. Source: VHB.
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Signing and Marking Improvements

There are several signs that can be implemented at or in advance of midblock crosswalks to increase
driver awareness of the crosswalk. Regulatory signs include the Yield Here to (Stop Here for) Pedestrians
(R1-5 series) sign, shown in figure 27. This sign is placed 20 to 50 feet (6.1 to 15.2 meters) in advance of
the crosswalk on uncontrolled multilane approaches and is used in combination with yield line or stop

line pavement markings.

HERE S HERE  $
K 1o ﬂ Fﬂﬁﬂ

R1-5 A1-5b

Figure 27. Graphic. Regulatory signs for crosswalk locations. Source: FHWA.

The Pedestrian Crossing (W11-2) warning sign can be placed at the crosswalk, either overhead or post-
mounted. If post-mounted, it can be paired with a diagonal downward-pointing arrow (W16-7P) plaque.
It can also be placed in advance of the crosswalk with an “AHEAD" plaque. The In-Street Pedestrian
Crossing (R1-6 series) sign can also be used at midblock crosswalks and can be placed either in

between travel lanes or in a median. These signs are depicted in figure 28 and figure 29. The MUTCD
provides guidance on the implementation of these signs (FHWA, 2023).

W16-7P

[ AHEAD]

W16-9P

W11-2

Figure 28. Graphic. Warning signs for crosswalk locations. Source: FHWA.
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Figure 29. Graphic. In-street pedestrian crossing sign. Source: FHWA.

Rectangular Rapid-Flashing Beacons (RRFBs) and Pedestrian
Hybrid Beacons (PHBs)

RRFBs and PHBs are two different types of pedestrian-actuated beacons for use at otherwise
uncontrolled midblock crosswalk locations. RRFBs are used in combination with a sign, such as a
Pedestrian Crossing (W11-2) sign and include two rectangular yellow LED lights that flash with high
frequency when activated (Blackburn et al., 2018). RRFBs enhance the conspicuity of midblock
crosswalks and indicate to approaching drivers that there is a pedestrian about to cross or currently
crossing the road. RRFBs have been shown to be especially effective at multilane crossings where the
posted speed limit is less than 40 mph (Blackburn et al., 2018). A typical RRFB installation is depicted in
figure 30.

PHBs can be effective countermeasures at crosswalks that cross higher-speed roadways. A PHB consists
of two red traffic signal lenses above a single yellow lens, arranged in a triangle shape. Once activated
by a pedestrian, the PHB displays a sequence of flashing and solid lights that indicate the pedestrian
walk interval and signals when motorists can proceed (Blackburn et al., 2018). PHBs are typically
recommended for midblock crosswalks where vehicle speeds and/or volumes are higher, but where
traffic signal warrants have not been met. A typical PHB installation is depicted in figure 31.
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Figure 31. Photograph. Pedestrian Hybrid Beacon (PHB). Source: FHWA.

Parking Restrictions and Curb Extensions

Parking restrictions and curb extensions are two treatments that can improve both motorists’ visibility
of crossing pedestrians and pedestrians’ visibility of oncoming vehicles. Agencies should consider
restricting parking on the approaches to all midblock crosswalks, and the setback distance should
increase as the vehicle speeds increase (Blackburn et al., 2018). Similar considerations apply to the
placement of transit stops near midblock crosswalks. Curb extensions, or bulbouts, bend the curb line
outward into the street or parking lane, effectively extending the sidewalk. This reduces the length of
the crosswalk and improves sight distance for both pedestrians and motorists. They are particularly
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helpful where parking exists close to midblock crosswalks (Blackburn et al., 2018). A typical installation
of curb extensions is depicted in figure 32 and figure 33.

Pedestrian Refuge Islands

A pedestrian refuge island is a special type of median with an area where pedestrians can wait while
crossing the road (Blackburn et al., 2018). They allow pedestrians to focus only on one direction of
traffic at a time while determining an appropriate gap to cross, improving pedestrian sight distance and
reducing the complexity of the crossing movement. They can also improve driver visibility of
pedestrians by giving crossing pedestrians a defined place to cross.

CURB EXTENSION

Figure 33. Graphic. Plan view sketch of curb extensions at a pedestrian crosswalk. Source: FHWA.
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Chapter 4: Intersection Crosswalk
Lighting Design Considerations

Crosswalk lighting design at intersections follows the same general five-step process laid out at the
start of Chapter 3 for midblock crosswalks. This chapter provides additional detail related to this process
of designing lighting for crosswalks at intersections. It is not intended to supersede lighting design
resources that an agency uses to guide its lighting design practices.

The MUTCD defines a crosswalk as (FHWA, 2022, p. 16):

a) "that part of a roadway at an intersection included within the connections of the lateral lines of
the sidewalks on opposite sides of the highway measured from the curbs or in the absence of
curbs, from the edges of the traversable roadway, and in the absence of a sidewalk on one side
of the roadway, the part of a roadway included within the extension of the lateral lines of the
sidewalk at right angles to the center line;

b) any portion of a roadway at an intersection or elsewhere distinctly indicated as a pedestrian
crossing by pavement marking lines on the surface, which might be supplemented by
contrasting pavement texture, style, or color.”

By this definition, a crosswalk exists at an intersection as the extension of the sidewalk or shoulder
across the intersection. This applies whether that crosswalk is marked or unmarked (Zegeer et al., 2005).
In other words, while a crosswalk can only exist at a midblock location if it is marked, intersections can
have marked and/or unmarked crosswalks. Most jurisdictions have laws that allow pedestrians to cross
at any crosswalk, regardless of whether the crosswalk is marked, unless another law specifically
prohibits pedestrians from crossing at that location; however, crosswalk markings should be installed to
improve visibility of pedestrians and other road users. Given these definitions, crosswalk lighting design
at intersections should be based on the pedestrian activity at and around the intersection, rather than
the presence of marked crosswalks at the intersection.

Assessment of Potential Lighting Needs

Chapter 3 described how State and local agencies will typically reference lighting warrants to inform a
decision of whether to install lighting at a location, including at an intersection. Intersection lighting
warrants in the TAC Guide for the Design of Roadway Lighting (TAC, 2006), for example, consider
geometric characteristics (e.g., sight distance, horizontal and vertical alignment of the approach
roadways, intersection skew), operational factors (e.g., traffic volume, pedestrian volume), and crash
history. The discussion on lighting warrants and lighting master plans in Chapter 3 is relevant to
intersections.
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Design Criteria

Once it is determined that an intersection will be lit, lighting designers will identify lighting design
criteria. Design criteria for intersections typically address average horizontal illuminance and horizontal
illuminance uniformity and differ by roadway classification of the intersecting roads and level of
pedestrian activity.

Crosswalks are collocated with intersections. It is important to note that the levels of vertical illuminance
needed for pedestrians in the crosswalks may not be achieved by intersection lighting layouts designed
to achieve horizontal illuminance requirements. Pole locations and equipment selection should be
carefully considered and verified in a lighting design software package to confirm that vertical
illuminance is sufficient in crosswalks at intersections.

RP-8-22 notes that “For intersections with high pedestrian conflict and/or full lighting on the approach
roads, improving vertical illumination in the crosswalk should be considered... This will improve the
visibility of pedestrians in the crosswalk for motorists approaching the intersection.”

RP-8-22 then describes that “if vertical illumination is desired in crosswalks to improve pedestrian
visibility, it is recommended the maintained average vertical levels meet or exceed the maintained
average horizontal design levels for the intersection.” As already noted in Chapter 3 and referenced in
RP-8-22, maintained average vertical illuminance in crosswalks of 20 to 40 lux could benefit the visibility
of the pedestrian. However, research for midblock crosswalks shows that lower levels of vertical
illuminance could be adequate for visibility (Bhagavathula et al., 2021a). The example intersection
application in Chapter 5 of this informational report applies the RP-8-22 recommendation, achieving
average vertical levels that meet or exceed the maintained average horizontal design levels for the
intersection.

Bhagavathula et al. (2021a) also showed that the horizontal illuminance achieved at the intersection will
affect pedestrian visibility and their recommendations for minimum average horizontal illuminance
depended on the lighting pole layout, discussed in the next section.

Light Pole Layouts at Intersections

Light poles at intersections are generally arranged into one of several common layouts, including
approach lighting, exit lighting, center lighting, and combination signal support lighting. Figure 34
depicts these layout alternatives. Approach lighting involves luminaires located on the right-hand side
of each approach at the intersection, with poles located in advance of the crosswalks. Center lighting
involves one or more poles located at the corners of the intersection, with luminaires directed
diagonally into the center of the intersection. Exit lighting involves luminaires located on the right-hand
side of the outbound lanes, located beyond the crosswalks. Combination signal support lighting
includes luminaires mounted directly onto traffic signal supports. The location of signal supports may
vary depending on the signal design needs of the intersection, although it may be ideal to locate the
poles in advance of crosswalks when feasible as discussed later in this section.
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Bhagavathula et al. (2021a) studied the effects of each layout on the visibility of pedestrians to drivers.
The research showed that pole layout did not have a significant effect on visibility of pedestrians as

long as an average horizontal illuminance of 14 lux (1.3 fc) is maintained in the intersection and no glare
from opposing vehicles is present. When average horizontal illuminance levels are less than 14 lux,
approach lighting outperformed other layouts with greater detection distances of pedestrians in
crosswalks.

Additionally, the research showed that, when glare from opposing vehicles was present, an average
horizontal illuminance of 14 lux (1.3 fc) resulted in detection distances greater than stopping sight
distance for the study location except for the exit configuration. An average horizontal illuminance level
of at least 24 lux (2.2 fc) was found sufficient to offset the effect of glare in the exit lighting layout.

Based on this research, approach lighting may be the most favorable layout when feasible, given the
increased performance in low light conditions and when glare is present.

Bhagavathula et al. (2021a) provided the horizontal illuminance recommendations based on pedestrian
visibility shown in table 2 along with the following additional considerations:
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e The values are based on no ambient lighting being present at the intersection. The presence of
ambient lighting may necessitate using higher values than what is shown in the table.

e The values in this table are minimum average light levels for achieving longer pedestrian
detection distances based on the designs evaluated in the research.

e The research looked at the simplest type of intersection with no curves, skew angles, or other
more complicated alignment or geometry. The results of this study may not apply to other types
of intersection characteristics.

Table 2. Lighting Design and Light Level Recommendations for Intersections (Bhagavathula et al, 2021)).

Average
Intersection Lighting Design Horizontal
(location of luminaires) Illuminance
lux (fc)
Approaches 14 (1.3)
Exits 24 (2.2)

Luminaires located on signal mast

arm directly over crosswalk 1401.3)

Wider Intersection Approaches

Wider roadways that form intersection approaches present unique challenges with crosswalk lighting.
Wider intersection approaches may have at least four lanes, possibly with a median and turn lanes. As
the length of a crosswalk increases, the intensity of light provided at the most distant end of a crosswalk
becomes weaker, and the desired vertical illuminance criteria may not be met.

In these cases, multiple luminaires may be required to provide adequate vertical illuminance across the
entire crosswalk. As one example, the graphic in figure 35 shows a second luminaire located in the
center median. Care must be taken to check that the roadside design requirements of the appropriate
agency are met (AASHTO, 2011).

If placing a luminaire in the median is not an option, a wide throw luminaire (Type Ill or some Type V)
may provide greater illuminance at a farther distance from the pole. Designers may also consider
adjustments to mounting height and bracket arm lengths to address the challenges of wide roadways.

The Florida Department of Transportation (FDOT) recently adopted a layout for lighting wide
intersections that includes a combination of entrance, exit and center lighting on all approaches (see
figure 36; FDOT, 2022). The FDOT approach uses the combination of several common layouts to achieve
consistent levels of vertical illuminance throughout the entire length of long crosswalks at wider
intersections.
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Figure 35. Graphic. Potential lighting layout for crosswalks at wide intersection approaches. Source: FHWA.

Figure 36. Graphic. Potential lighting layout for very wide intersection approaches (adapted from FDOT,
2022).
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Roundabouts

Typical modern roundabouts are characterized by unique approach geometry that helps reduce
approach speeds and affects the intersection of vehicle and pedestrian movements. Pedestrians need to
judge gaps in traffic in only one direction at a time at a roundabout; however, the pedestrian crossings
are usually uncontrolled. NCHRP Report 672, Roundabouts: Informational Guide (Second Edition), points
out that the slower speeds combined with well-defined crossings and splitter islands result in relatively
high rates of motorists yielding to pedestrians at most roundabouts. The Roundabouts: Informational
Guide recommends lighting at all roundabouts to, among other purposes, provide visibility of the key
conflict areas and of other users within the roundabout. Effective crosswalk lighting at roundabouts
improves the visibility of pedestrians navigating the roundabout.

Crosswalk lighting design principles for roundabouts are like those for traditional intersections, with
design criteria for average horizontal illuminance within the circulating lane(s) and average vertical
illuminance in crosswalks. As with crosswalks at other locations, vertical illuminance is measured at a
height of 5 feet (1.5 meters) above the roadway surface and in the direction of approaching conflicting
traffic.

Existing design guidelines recommend that light poles at roundabouts are located along the outer
perimeter of the circulating lanes, with additional approach lighting in advance of any marked
crosswalks. Pole locations are located and verified with lighting design software to determine that the
desired vertical illuminance values are obtained in each crosswalk. A typical lighting layout for
roundabouts is depicted in figure 37.
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Figure 37. Graphic. Typical lighting layout for a roundabout. Source: AASHTO (2018).

Light poles are sometimes located in the center of a roundabout; however, this layout is not
recommended due to the poor contrast created with a central light source. Driver visibility of signs,
pavement markings and pedestrians will be negatively affected.

Similarly, roundabouts may be illuminated with high mast lighting, especially when they are located at
freeway interchanges. High mast lighting allows for desired uniformity of horizontal illuminance, but
generally provides little vertical illuminance and is not the appropriate application when pedestrians are
anticipated to be crossing the intersection. High mast lighting may be appropriate in the absence of
pedestrian activity.

Additional Treatments to Improve Intersection
Crosswalk Visibility

There are several treatments aside from lighting that can be applied at intersections to improve
crosswalk visibility in dark conditions. These treatments increase driver attentiveness and awareness of
the crosswalk, reduce the complexity of the crossing movement for pedestrians, and/or improve sight
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distance for both crossing pedestrians and approaching motorists. Many of these treatments can be
applied in combination, depending on the characteristics of the intersection.

There are several midblock crosswalk visibility treatments detailed in Chapter 3 that can also be applied
at intersection crosswalks. These include high-visibility crosswalk markings, pedestrian refuge islands,
parking restrictions, and curb extensions. PHBs can also be applied at intersections in certain cases as
described in the MUTCD (FHWA, 2023). Refer to Chapter 3 for descriptions of these treatments. Other
intersection-specific safety treatments are featured in FHWA's Proven Safety Countermeasure resources,
a collection of countermeasures that have been shown to be effective in reducing fatalities and serious
injuries (FHWA, 2021a). Examples include a leading pedestrian interval (LPI), which gives pedestrians the
opportunity to enter the crosswalk at a signalized intersection 3-7 seconds before the parallel motor
vehicle movements are given a green indication (FHWA, 2021c) and backplates with retroreflective
borders, which are added to traffic signal heads to improve the visibility of the signal head to drivers
(FHWA, 2021d).
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Chapter 5: Design Examples

The design examples included in this chapter detail typical scenarios for lighting crosswalks. They
present the key characteristics of each location and illustrate the application of the information in
Chapter 3 and Chapter 4 of this informational report. These examples do not cover all potential
scenarios related to lighting for pedestrian safety but are designed to demonstrate the information
provided in the previous sections of this report.

Each example begins by describing the scenario and progresses through sections for each of the steps
in the process laid out in Chapter 3:

Assessment of potential lighting needs.
Selection of design criteria.

Equipment selection.

Determination of control strategy.
Design and verification.

ik wnpn =

Example Scenario — Midblock Crossing

This scenario focuses on a segment of a suburban, two-lane, local roadway, with a midblock trail
crossing and a marked crosswalk. An abandoned railway has recently been converted to a multi-use
trail that intersects the roadway. The area around the trail is developing rapidly. The trail has become a
popular destination for recreation and connects to key local destinations, including a community center,
sports fields, and residential areas. The trail sees medium pedestrian activity near the crossing (typically
around 40 pedestrians per hour during the evening hours). The road exhibits low vehicle volumes with a
pattern of directional commuter traffic during the peak hours. Figure 38 shows a rendering of a two-
lane road with a midblock trail crossing with marked crosswalk, like the scenario used in this example.
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Figure 38. Graphic. Example of a trail crossing like the example scenario. Source: VHB.

Assess Potential Lighting Needs

The first step is to identify the lighting needs in the given scenario. The designer and maintaining
agency should be aware of the role that lighting plays for users of the trail located in the study area,
and for motorists on the roadway as they approach the crosswalk. In this case, the maintaining agency's
policy is to provide lighting at all midblock crosswalks. This trail crossing is consistently used by
bicyclists and pedestrians, including during dark hours early in the morning and late in the evening. By
providing crosswalk lighting, the trail users will have a more consistent experience at night with
increased feelings of comfort and personal security.

Select Design Criteria

The next step is to select the lighting design criteria for each of the facility types identified. This
example primarily focuses on primary criteria, or the desired lighting levels that the system is designed
to provide in the project area. The designer can also consider secondary criteria, such as aesthetics or
ability to limit light trespass. Chapter 3 contains more information and resources regarding secondary
criteria.

RP-8-22 provides recommended light levels based on the pedestrian activity level in the area. This
example consists of a midblock crossing on a local roadway with a medium pedestrian activity level.
Following recommendations provided in RP-8-22, crosswalks with a medium pedestrian activity level
should be provided an average vertical illuminance of 30 lux. The chosen luminaires will have a CCT of
3000 K to 4000 K. Table 3 summarizes the criteria for example Scenario 1. Refer to Chapter 3 for a
detailed discussion of lighting design criteria.
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Table 3. Selected design criteria for example scenario 1.

Pedestrian facility

e i s Average llluminance CCT (LED only)

Midblock crosswalk 30 lux vertical 3000 K to 4000 K

Select Equipment

The next step is to select lighting equipment that will enable the design to meet the identified criteria.
Lighting equipment selection typically depends on local inventory and the preferences of the local
agency. Selection of luminaires is often based on local inventory and standards. In this case, the trail
crossing is located near a historic district, and the maintaining agency desires a decorative style of
luminaire, consistent with other nearby roadway lighting. This design will use pendant style LED
luminaires with a decorative pole and bracket arm (see figure 39). By selecting a light fixture that the
maintaining agency already uses elsewhere, the new installation will provide ease of maintenance and a
sense of familiarity for road users. The design will use a color temperature within the 3000 K to 4000 K
range presented in table 3, 114 W of power and an IES distribution of Type Il (illustrated in figure 17).
Type Il provides a shallower distribution angle that will result in greater longitudinal illumination of the
crosswalk while also casting light onto the roadway.

Figure 39. Graphic. Example LED pendant roadway luminaire (Google Maps, 2021).
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The selected initial mounting height is 40 feet (12.2 m), which is the typical preference of the local
agency for roadway lighting. One pole will be positioned on each side of the roadway in advance of the
marked crosswalk to provide a positive contrast as described in Chapter 2 and Chapter 3.

Refer to Chapter 3 for a detailed discussion of lighting equipment selection.

Determine Control Strategy

The lighting control strategy determines when and at what level the lighting operates. Although
outdoor lighting has traditionally operated on a "dusk to dawn” schedule, the crosswalk location in this
example is isolated from other lighting systems and the roadway is otherwise dark. Pedestrian volumes
on the trail diminish significantly later at night, with no pedestrians observed between the hours of 10
pm and 5 am. For this example, the maintaining agency has decided to implement an adaptive control
system, dimming the lighting system to fifty percent after the hours of 10:00 pm, and returning to full
power at 5:00 am as pedestrian activity resumes in the morning. This will reduce the energy
consumption of the lighting system, while also lessening the impact of glare on motorists when the
system is dimmed. The design will be completed to meet the target design criteria when the system is
at full power. The agency will continue to monitor the location for future adjustments to the schedule.
Future development and seasonal changes may justify a change in the dimming schedule.

Methods for applying adaptive lighting technologies are included in RP-8-22. These methods are not
required under FHWA regulations unless they are incorporated by reference into the regulations. Refer
to Chapter 3 of this report for more information on control strategies, including a discussion of adaptive
lighting in the context of lighting for pedestrians.

Design and Verification

After identifying design criteria, selecting equipment, and determining the control strategy, the
remaining step is to design the lighting system and verify that it meets the design criteria. This is done
using a photometric analysis software package, of which there are several options that operate in a
similar manner. The discussion presented in this example should apply generally to all of them.

The software works by calculating the lighting metrics (e.g., luminance, illuminance) at points laid out
across the study area in grid pattern, based on a given selection and layout of light sources. The grid is
established based on existing guidance, with roadway illuminance points (per RP-8-22). All vertical
illuminance points are located 5 ft (1.5 m) above the roadway surface to represent the typical height of
a pedestrian, with a spacing of 1.6 ft (0.5 m). Vertical illuminance measurements are oriented toward
approaching motorists for each travel lane.

For each of the luminaire models selected for a given design, a data file (IES file format) typically
provided by the lighting manufacturer is imported into the lighting software. The data file includes
information about the luminaire’s spatial light distribution and intensity for use in the lighting model.
When importing IES files, a light loss factor (LLF) is typically applied to account for depreciation of light
output over time. During the lifecycle of a lighting installation, light output is expected to decrease due
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to dirt and dust accumulation, lamp lumen depreciation, and ambient temperature changes, among
other physical and environmental factors. Therefore, a light loss factor checks that a lighting design will
meet the selected design criteria throughout the expected service life. For this design, a total light loss
factor of 0.85 is applied to each luminaire IES file, which is typical for many LED light sources.

Pole locations are selected to achieve design goals; however, they may also be highly constrained due
to roadway geometrics, utility conflicts, or other obstacles. They should be placed in advance of
crosswalks to create positive contrast (as discussed in Chapter 3). Additionally, pole locations are often
adjusted during the design process as needed based on the calculated photometric results, until the
target design criteria are met and a pole layout is finalized. For this initial calculation, the poles are
located five feet (1.5 meters) in advance of the crosswalk in either direction.

At this point, the photometric analysis software package calculates the results for the design and shows
that they are too low to meet the targeted design criteria for this example. The criteria and results are
shown in table 4, where the bolded rows indicate items that did not meet the target criteria. Lighting
design relies on an iterative process, so this is not unexpected. Since the calculated average lighting
levels are lower than the target design criteria, the design must be revised to provide higher average
vertical illuminance in the crosswalk area.

Table 4. Summary of initial lighting design criteria and calculation results.

Calculation Summary - Initial Design

Calculation

Calculati . Target Criteria
alcuiation Calculation Type J Results
Zone
Average Average
Midblock Vertical
Crosswalk lluminance Lux 30 5.7
(Eastbound)
Midblock Vertical
Crosswalk lluminance Lux 30 71
(Westbound)
Note: Additional lighting design criteria recommended in RP-8-22 should be evaluated and
considered for uniformity and glare.

The designer may choose to increase the wattage of the luminaire to achieve greater vertical
illuminance levels; however, this will result in an increase in energy consumption and may provide
excessive light. To provide a more efficient and targeted application of light, a logical next step is to
adjust the pole locations to optimize the amount of vertical illuminance provided in the crosswalk based
on the selected fixture. After evaluating several different offset distances, it was determined that an
offset of 25 ft (7.6 m) from the crosswalk is optimal for this luminaire.
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Upon calculating the results again with the photometric analysis software package, the results show
that the vertical illuminance has improved, but is still too low to meet the target design criteria. Table 5
summarizes the criteria and results, with the items that did not meet criteria shown in bold.

Table 5. Summary of revised lighting design criteria and calculation results.

Calculation Summary - Revised Design

Target Calculation
Calculation Zone Calculation Type Units Criteria Results
Average Average
Midblock Crosswalk Vertical llluminance Lux 30 12.4
(Eastbound)
Midblock Crosswalk . .
(Westbound) Vertical llluminance Lux 30 12.9

Note: Additional lighting design criteria recommended in RP-8-22 should be evaluated and
considered for uniformity and glare.

At this point in the design process, the pole location has been adjusted. It is not desirable to increase
the wattage of each fixture. Therefore, further revisions to the design may include selection of a
different fixture, adjustment of the pole arm length, or adjustments to the mounting height of the
luminaire.

Because the deficiency in calculated results is the vertical illuminance levels, selecting a lower mounting
height may benefit the vertical illuminance. For the next iteration, rather than select the agency’s
standard 40-ft (12.2 m) mounting height for roadway lighting, a lower mounting height of 30 ft (9.1 m)
is chosen.

The photometric analysis software package calculates the results one more time, which show that the
resulting design now meets the design criteria for vertical illuminance. Table 6 shows the key criteria
and results, and figure 40 shows a software rendering of the final lighting design.
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Table 6. Summary of final lighting design criteria and calculation results.

Calculation Summary - Final Design

Calculati Target Criteria  _ciculation
alcufation Calculation Type Units Results
Zone
Average Average
Midblock Vertical
Crosswalk lluminance Lux 30 311
(Eastbound)
Midblock Vertical
Crosswalk lluminance Lux 30 324
(Westbound)
Note: Additional lighting design criteria recommended in IES RP-8-22 should be evaluated and
considered for uniformity and glare.

e
Distance = 25 ft

Figure 40. Graphic. Software rendering of final lighting design for midblock trail crossing example
scenario. Source: VHB.
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Example Scenario - Roundabout

This scenario focuses on a rural roundabout with two intersecting collector roadways. Roundabouts are
included in FHWA's Proven Safety Countermeasures. As noted in Chapter 4 of this report, the ability for
roundabouts to manage speeds on the approaches and the need for pedestrians to judge approaching
traffic in only one direction at a time assists with pedestrian crossing maneuvers. Well-defined crossings
and splitter islands at roundabouts also result in relatively high rates of motorists yielding to
pedestrians. However, pedestrian crossings at roundabouts are usually uncontrolled. Therefore, lighting
is particularly valuable in establishing nighttime visibility of pedestrians. NCHRP Report 672,
Roundabouts: Informational Guide (Second Edition), recommends lighting at all roundabouts to provide
visibility of the key conflict areas and of other users within the roundabout. Note that although this
example features a roundabout, the same basic principles and a similar design approach is followed for
traditional at-grade intersections.

The roundabout is situated on the outskirts of a small rural town, in between the Main Street retail area
and a newly built high school located on a formerly agricultural property. It is the first roundabout to be
constructed in the county, and the project generated significant public interest. The roundabout sees a
low but consistent volume of pedestrians, with high school students walking through the location on
their way to and from school and seasonal agriculture workers walking to and from the nearby fields for
work. Many school events occur in the evenings and the peak pedestrian volumes sometimes occur in
dark conditions, depending on the time of year. Figure 41 shows a rural one-lane roundabout, like the
scenario used in this example.

Figure 41. lllustration of a rural, one lane roundabout. Source: FHWA.
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Assess Lighting Needs

The first step is to identify the lighting needs in the given scenario. The designer and maintaining
agency should be aware of the role that lighting plays for users of the roundabout, including both
pedestrians and motorists. In this case, the maintaining agency has recently adopted a new policy to
provide lighting at all alternative intersections and roundabouts where there is nighttime pedestrian
activity.

Select Design Criteria

To determine the primary design criteria for this example, the designer refers to RP-8-22 for
recommended light levels based on the functional classification of the roadways. This example consists
of two collector roadways, which requires an average horizontal illuminance of 16 lux. Crosswalks within
the roundabout should have an average vertical illuminance equal to or greater than the calculated
horizontal illuminance. The chosen luminaires will have a CCT of 3000 K to 4000 K. Table 7 summarizes
the criteria for example Scenario 2.

Refer to Chapter 3 and Chapter 4 for a detailed discussion of lighting design criteria.

Table 7. Selected design criteria for example scenario 2.

Facility Average llluminance CCT (LED only)

Roundabout 16 lux horizontal 3000 K to 4000 K

Equal or greater than
Crosswalk roundabout horizontal 3000 K to 4000 K
illuminance

Select Equipment

The next step is to select lighting equipment that will enable the design to meet the identified criteria.
In this example, the roundabout is in a rural area. Historical significance and aesthetics are of less
concern at this specific location, and the designer selects a cost-effective cobra head luminaire which
will be mounted to wood utility poles. The design will use a color temperature within the 3000 K to
4000 K range presented in table 7, 175 W of power, and an IES distribution of Type Il (as illustrated
previously in figure 17).
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Figure 42. Graphic. Example LED cobrahead roadway luminaire mounted to wood pole. Source: FHWA.

A roadway scale mounting height is selected for this example. Although a design may be completed
with lower pedestrian scale mounting heights, the luminaire selected is intended for roadway
applications. In this case, the lighting system also serves to illuminate the roundabout and vehicular
approaches. Higher mounting heights result in more uniform application of light with a fewer number
of poles, and therefore a lower overall cost to install and maintain. The initial layout will utilize a
mounting height of 35 feet (10.7 meters).

Refer to Chapter 3 for a detailed discussion of lighting equipment selection, including the trade-offs
between roadway scale lighting and pedestrian scale lighting.

Determine Control Strategy

In this example, the lighting system will use traditional dusk-to-dawn operation. A photocell will be
installed with each luminaire, which will turn the lighting system on and off based on the ambient light
in the vicinity. This will allow appropriate seasonal variation in the operating hours of the lighting
system as the night becomes longer during winter and shorter during summer. Refer to Chapter 3 of
this report for more information on control strategies.

Design and Verification

The roundabout design is imported into a photometric design software for calculating the resulting
light levels of the proposed lighting system. All vertical illuminance points are located 5 ft (1.5 m) above
the roadway surface to represent the typical height of a pedestrian, with a spacing of 1.6 ft (0.5 m).
Vertical illuminance measurements are oriented toward approaching motorists for each travel lane.
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Horizontal illuminance points are laid out in a grid pattern, within the limits of the roundabout, with a
spacing of 5 ft. RP-8-22 recommends that the grid spacing does not exceed 2 m (6.6 ft). llluminance in
the center island is not calculated and does not count toward the average illuminance in the
roundabout. A total light loss factor of 0.85 is applied to each luminaire IES file.

Pole locations are selected based on the typical lighting layout recommended by the AASHTO Roadway
Lighting Design Guide (figure 37), with one pole on each approach in advance of the marked crosswalks,
and four poles evenly spaced around the circulating lanes, located at the midpoint between the
approaches (AASHTO, 2018).

The photometric analysis software calculates results for the design. The horizontal illuminance is much
higher than the targeted 16 lux, and therefore several crosswalk locations fail to achieve the target
vertical illuminance of equal to or greater than horizontal illuminance with the initial design. The criteria
and results are shown in table 8, where the bolded rows indicate items that did not meet the target
criteria.

Given that the horizontal illuminance is more than double the target value, the next iteration of this
design will utilize a lower wattage luminaire. The designer reviews available options of the same
luminaire model, selecting a 105 W option that produces roughly half the amount of light (measured in
lumens) compared to the 175 W model.

In addition, to increase the amount of vertical illuminance that reaches the crosswalks, the designer
chooses a Type Il distribution instead of a Type Ill option. This change will result in a longer, narrower
distribution of light from each luminaire. The designer recalculates the photometric results, and finds
that the horizontal illuminance is appropriate, slightly exceeding the targeted average. Vertical
illuminance values for each crosswalk should exceed the average horizontal illuminance in the
roundabout. The results show that the crosswalks on inbound travel lanes meet this criterion, but the
crosswalks on outbound lanes do not. Table 9 summarizes the criteria and results, with the items that
did not meet criteria shown in bold.
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Table 8. Summary of initial lighting design criteria and calculation results.

Calculation Summary - Initial Design

Calculati T s | e
alcufation Calculation Type Units Results
Zone
Average Average
Roundabout Horizontal Lux 16 41.0
Illuminance
Crosswalk Vertical
(Northbound - . Lux 41* 44.6
[lluminance
In)
Crosswalk Vertical
(Northbound - . Lux 41* 32.1
IHluminance
Out)
Crosswalk Vertical
(Southbound - . Lux 41* 477
[lluminance
In)
Crosswalk Vertical
(Southbound - . Lux 41* 22.9
IHluminance
Out)
Crosswalk Vertical .
(Eastbound - In) [lluminance Lux 41 48.2
Crosswalk Vertical
(Eastbound - . Lux 41* 24.1
IHluminance
Out)
Crosswalk Vertical
(Westbound - . Lux 41* 47.2
[lluminance
In)
Crosswalk Vertical
(Westbound - . Lux 41* 30.6
IHluminance
Out)

* Vertical illuminance value adjusted to match the actual average horizontal illuminance in

the roundabout.

Note: Additional lighting design criteria recommended in RP-8-22 should be evaluated and
considered for uniformity and glare.
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Table 9. Summary of revised lighting design criteria and calculation results.

Calculation Summary - Revised Design

Target Calculation
Calculation Zone Calculation Type Units Criteria Results
Average Average
Roundabout Horizontal Lux 16 17.7
llluminance
Crosswalk (:\ll‘c)wthbound - Vertical llluminance Lux 18* 18.3
Crosswalk (Northbound - Vertical llluminance Lux 18* 13.1
Out)
Crosswalk (ISr::;uthbound - Vertical llluminance Lux 18* 18.3
Crosswalk (Southbound - Vertical llluminance Lux 18* 8.2
Out)
Crosswalk (Eastbound - In) Vertical llluminance Lux 18* 18.3
Crosswalk (Eastbound - Vertical llluminance Lux 18* 7.8
Out)
Crosswalk (Westbound - In) | Vertical llluminance Lux 18* 184
Crosswalk (Westbound - Vertical llluminance Lux 18* 8.9
Out)
* Vertical illuminance value adjusted to match the actual average horizontal illuminance in
the roundabout.
Note: Additional lighting design criteria recommended in IRP-8-22 should be evaluated and
considered for uniformity and glare.

Now that the design provides the correct level of horizontal light and some crosswalks receive sufficient
vertical illuminance, the design can incorporate some minor adjustments. By fine-tuning pole locations
to increase vertical illuminance on the remaining crosswalks, the designer should be able to establish a
layout that meets the target criteria. Since it is the crosswalks on outbound travel lanes that need more
vertical illuminance, the poles located around the roundabout can be repositioned and reoriented. Each
pole is moved closer to the roundabout and angled slightly more toward the nearest crosswalk.

The photometric analysis software package calculates the results one more time, which show that the
resulting design now meets the design criteria for horizontal illuminance in the roundabout and vertical
illuminance in all crosswalks. Table 10 shows the key criteria and results, and figure 43 shows a software
rendering of the final lighting design.
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Table 10. Summary of final lighting design criteria and calculation results.

Calculation Summary - Final Design

Target Criteria S
Calculation Zone Calculation Type Units Results
Average Average
Roundabout Horizontal Lux 16 17.1
[lluminance
Crosswalk Vertical
(Northbound - . Lux 18* 18.3
[lluminance
In)
Crosswalk Vertical
(Northbound - . Lux 18* 19.3
[lluminance
Out)
Crosswalk Vertical
(Southbound - . Lux 18* 18.3
[lluminance
In)
Crosswalk Vertical
(Southbound - . Lux 18* 19.2
[lluminance
Out)
Crosswalk Vertical .
(Eastbound - In) lluminance Lux 18 183
Crosswalk Vertical
(Eastbound - . Lux 18* 18.8
[lluminance
Out)
Crosswalk Vertical
(Westbound - . Lux 18* 18.4
[lluminance
In)
Crosswalk Vertical
(Westbound - . Lux 18* 194
[lluminance
Out)

* Value adjusted to match the actual average horizontal illuminance in the roundabout.

Note: Additional lighting design criteria recommended in IES RP-8-22 should be evaluated and
considered for uniformity and glare.
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Figure 43. Graphic. Software rendering of final lighting design for example scenario. Source: VHB.

These examples presented the key characteristics of the location and illustrated the application of the
crosswalk lighting design process described in Chapter 3 and Chapter 4, from assessment of lighting
needs through design and verification. A comparison of the final calculation results to the selected
design criteria reveals that the primary design goals of the lighting layouts are achieved. The average

illuminance metrics for each various type of facility are met or exceeded with the selected lighting
designs.
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Chapter 6: Summary and
Recommendations

This report is intended to be used by transportation planners, designers, and operators who are
involved in improving the safety, accessibility, and mobility of all road users of a roadway network. The
report serves as an introduction to the concepts of pedestrian lighting design, and when used in
combination with the referenced design guidance and standards, provides a foundation for
understanding the various considerations for lighting midblock crosswalks and crosswalks at
intersections. The report will be a valuable resource to transportation safety practitioners and other staff
who seek an increased understanding of the basic principles, benefits, and design considerations for
lighting pedestrian crosswalks. Lighting design incorporates a broad range of factors and
considerations and includes coordination with multiple stakeholders. These stakeholders include, for
example, zoning or land use committees, which can play key roles in helping to minimize the potential
negative impacts of ambient light on roadway lighting performance.

This report is an update to the 2008 Informational Report on Lighting Design for Midblock Crosswalks.
Significant advancements in roadway lighting technology and research have occurred since 2008,
including widespread adoption of LED lighting. This report provides a background on basic concepts
and references additional guidance related to the use of LED lighting for pedestrian facilities. LED
lighting has inherent benefits over other light sources and allow for precise application of light to the
design facility, with less wasted light. Designers must carefully evaluate and select the most appropriate
LED alternative when completing retrofit projects. This is especially true if existing light poles are to
remain in place and the designer is unable to control pole locations.

Chapter 1 introduces the report, including a summary of relevant pedestrian crash data trends in the
US, a brief review of literature on the benefits of lighting for pedestrian safety and security, and
descriptions of key reference materials for the reader to review in conjunction with the report. Chapter 2
reviews visibility concepts and terminology, establishing a basic understanding of the factors that affect
pedestrian visibility and inform lighting design. Chapter 3 describes considerations for midblock
crosswalk lighting design including lighting design criteria, luminaire selection and placement, other
lighting considerations, and additional midblock design strategies. Chapter 4 provides information on
lighting design for crosswalks at intersections. Chapter 5 provides practical design examples focused on
a midblock crosswalk and an intersection with nighttime pedestrian activity.

The development of this report has revealed several key areas where continued research can fill gaps in
knowledge and further improve the effectiveness of crosswalk lighting design. Much of the existing
pedestrian lighting research, including both crash data research and lighting design research, has
focused generally on nighttime conditions or at intersections. Increased research focus on midblock
crosswalks may uncover additional considerations that are specific to these locations. Research on the

69



effects of ambient light on visibility, especially as it relates to pedestrian visibility in crosswalks, is
another key area of focus for future work.

The study by Li et al. (2020) demonstrates how the ability to collect in-field lighting measurements is
improving the ability to draw linkages between lighting levels and nighttime crash reductions. These
types of findings can then inform a transportation agency’s policies and practices related to both
lighting needs assessments and lighting design. These more modern safety assessments to-date have
primarily focused on aggregate groupings of crashes at intersections. Findings specific to pedestrian
and bicyclist crashes at intersection and especially non-intersection and midblock locations are needed
to further demonstrate lighting effectiveness and inform agency policies and practices. As lighting
technology continues to improve and evolve, it is important for researchers to conduct robust
evaluations of the effectiveness of lighting installations, especially at crosswalks. This includes
evaluating the safety performance and other effects of new and innovative products as they continue to
be released. One example of this includes adaptive lighting systems specifically designed for installation
at crosswalks. These systems are expected to receive increased interest in the coming years as agencies
seek to reduce costs associated with lighting, including wasted light.

As prior research has established, lighting pedestrian crosswalks is crucial to increasing the safety
performance of the roadway network for all road users. This report supports the deployment of lighting
and other countermeasures to improve nighttime visibility at midblock and intersection crosswalks,
providing a safer transportation network for pedestrians at night.
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