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The Region 2 University Transportation Research Center (UTRC) is one of ten original University
Transportation Centers established in 1987 by the U.S. Congress. These Centers were established
with the recognition that transportation plays a key role in the nation's economy and the quality
of life of its citizens. University faculty members provide a critical link in resolving our national
and regional transportation problems while training the professionals who address our transpor-
tation systems and their customers on a daily basis.

The UTRC was established in order to support research, education and the transfer of technology
in the field of transportation. The theme of the Center is "Planning and Managing Regional
Transportation Systems in a Changing World." Presently, under the direction of Dr. Camille Kamga,
the UTRC represents USDOT Region II, including New York, New Jersey, Puerto Rico and the U.S.
Virgin Islands. Functioning as a consortium of twelve major Universities throughout the region,
UTRC is located at the CUNY Institute for Transportation Systems at The City College of New York,
the lead institution of the consortium. The Center, through its consortium, an Agency-Industry
Council and its Director and Staff, supports research, education, and technology transfer under its
theme. UTRC’s three main goals are:

Research

The research program objectives are (1) to develop a theme based transportation research
program that is responsive to the needs of regional transportation organizations and stakehold-
ers, and (2) to conduct that program in cooperation with the partners. The program includes both
studies that are identified with research partners of projects targeted to the theme, and targeted,
short-term projects. The program develops competitive proposals, which are evaluated to insure
the mostresponsive UTRC team conducts the work. The research program is responsive to the
UTRC theme: “Planning and Managing Regional Transportation Systems in a Changing World.” The
complex transportation system of transit and infrastructure, and the rapidly changing environ-
ment impacts the nation’s largest city and metropolitan area. The New York/New Jersey
Metropolitan has over 19 million people, 600,000 businesses and 9 million workers. The Region’s
intermodal and multimodal systems must serve all customers and stakeholders within the region
and globally.Under the current grant, the new research projects and the ongoing research projects
concentrate the program efforts on the categories of Transportation Systems Performance and
Information Infrastructure to provide needed services to the New Jersey Department of Transpor-
tation, New York City Department of Transportation, New York Metropolitan Transportation
Council , New York State Department of Transportation, and the New York State Energy and
Research Development Authorityand others, all while enhancing the center’s theme.

Education and Workforce Development

The modern professional must combine the technical skills of engineering and planning with
knowledge of economics, environmental science, management, finance, and law as well as
negotiation skills, psychology and sociology. And, she/he must be computer literate, wired to the
web, and knowledgeable about advances in information technology. UTRC’s education and
training efforts provide a multidisciplinary program of course work and experiential learning to
train students and provide advanced training or retraining of practitioners to plan and manage
regional transportation systems. UTRC must meet the need to educate the undergraduate and
graduate student with a foundation of transportation fundamentals that allows for solving
complex problems in a world much more dynamic than even a decade ago. Simultaneously, the
demand for continuing education is growing - either because of professional license requirements
or because the workplace demands it — and provides the opportunity to combine State of Practice
education with tailored ways of delivering content.

Technology Transfer

UTRC’s Technology Transfer Program goes beyond what might be considered “traditional”
technology transfer activities. Its main objectives are (1) to increase the awareness and level of
information concerning transportation issues facing Region 2; (2) to improve the knowledge base
and approach to problem solving of the region’s transportation workforce, from those operating
the systems to those at the most senior level of managing the system; and by doing so, to improve
the overall professional capability of the transportation workforce; (3) to stimulate discussion and
debate concerning the integration of new technologies into our culture, our work and our
transportation systems; (4) to provide the more traditional but extremely important job of
disseminating research and project reports, studies, analysis and use of tools to the education,
research and practicing community both nationally and internationally; and (5) to provide
unbiased information and testimony to decision-makers concerning regional transportation
issues consistent with the UTRC theme.
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DISCLAIMER

The contents of this report reflect the views of the authors, who are responsible for the
facts and the accuracy of the information presented herein. The contents do not necessarily
reflect the official views or policies of the UTRC, or the Research and Innovative
Technology Administration. This report does not constitute a standard, specification or
regulation. This document is disseminated under the sponsorship of the Department of
Transportation, University Transportation Centers Program, in the interest of information
exchange. The U.S. Government assumes no liability for the contents or use thereof.
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ABSTRACT

Pedestrian safety is a critical element of urban transportation. A review of published
literature, as well as real-world demonstration activities, indicate that bollard-level
crosswalk lighting has excellent potential for enhancing pedestrian visibility and improving
safety at crosswalks, particularly where the presence of a crosswalk might not be expected
by approaching drivers. Such locations include midblock crossings, roundabouts and
locations near schools and other public venues that might experience high levels of
pedestrian traffic at sporadic or unexpected times. The light levels produced by the system
and measured during a nighttime demonstration installation were sufficient to achieve
high levels of visual performance. The push button control used by the prototype bollard
system allowed the luminaires to produce a relatively low, glare-free light level when not in
use, while still making them highly visible to pedestrians and drivers. The temporary
cycling between low and high light levels that occurred when the button was pressed could
act as a visual alert to warn drivers that a pedestrian is present and waiting to cross the
street, and the higher light level of at least 10 vertical lux in the crosswalk resulted in high
levels of visibility.



1. INTRODUCTION

Outdoor urban pedestrian lighting serves multiple purposes, and should do so in the most
efficient and economic manner. Among the purposes of outdoor urban pedestrian lighting
are:

e To support the safety of pedestrians, particularly those who interact with adjacent
vehicle traffic

e To enhance pedestrians' perceptions of personal safety and security

e To assist pedestrians in identifying the appropriate locations for crossing the street
and other aids to wayfinding

Lighting at pedestrian crosswalks in urban areas is critical to addressing the
aforementioned purposes. Prior demonstration studies and experiments involving
pedestrian crosswalk lighting (Bullough et al., 2009, 2012a, 2012b; Bullough, 2013) have
indicated that illumination using bollard level luminaires located at the ends of a crosswalk
(see Figure 1) provides good contrast between pedestrians in the crosswalk and
surrounding terrain. Higher contrast results in greater visibility, and shorter pedestrian
identification times for approaching drivers. This in turn increases the safety margins
between approaching vehicles and pedestrians in the crosswalk (Bullough and Skinner,
2012), which is especially critical for midblock crosswalks positioned in less-expected
locations.

A midblock crosswalk located between a pedestrian plaza and a nearby parking garage
served as the evaluation location for a demonstration of urban pedestrian lighting in the
present study. Project partners 3M and Intrigue Lighting developed a prototype bollard
luminaire (Edmonds et al, 2015) that met performance specifications previously
developed by the Lighting Research Center (LRC) in studies of crosswalk lighting
conducted for the New Jersey Department of Transportation (Bullough et al.,, 2009), the
New York State Department of Transportation (Bullough et al, 2012b), and the City of
Aspen (Bullough, 2013). Measurements of light levels confirmed the potential of the bollard
lighting system to improve safety, and judgments of safety, visibility and aesthetics of the
fixture from pedestrians were also collected.

Figure 1. Rendering of a bollard based crosswalk lighting system providing vertical
illumination on pedestrians crossing the street.



2. BACKGROUND

As described in the previous section of this report, outdoor urban pedestrian lighting
serves multiple purposes. In this section, the effects of lighting reported in the published
literature are reviewed with respect to three aspects: visibility of pedestrians, perceptions
of safety and security, and wayfinding characteristics.

2.1. Lighting and the Visibility of Pedestrians

An important objective of lighting is to make objects, hazards and pedestrians in and near
the road visible to drivers at a range that exceeds the distance at which vehicle headlights
can do so. In urban areas, because of the relatively higher traffic density than in rural
locations, low beam headlights are almost exclusively used (Mefford et al., 2006), and low
beams do not provide more than a couple hundred feet of forward visibility (Bullough et al.,
2008). Overhead street lighting (IES, 2014) is commonly used for visibility of both vehicles
and pedestrians. Overhead lighting is primarily designed to produce a particular level of
roadway surface luminance, which serves as a background against which potential hazards
are seen. Producing roadway luminance is achieved through horizontal illumination on the
road surface, and the distributions of street lighting luminaires are optimized to achieve
horizontal illuminances while maximizing spacing to reduce system and operating (energy
and maintenance) costs.

Figure 2. Under overhead street lighting, some pedestrians are brighter than the background
and some are darker.

It has been demonstrated that the combination of street lighting and low beam headlight
illumination can reduce the visibility of objects (such as pedestrians) along the roadway
below the levels of visibility produced by either of these systems alone (Oya et al., 2000). In
their analysis of pedestrian midblock crosswalk lighting, Bullough et al. (2009) found that
street lighting located over the crosswalk resulted in transitions between positive
(pedestrian brighter than the background) and negative (pedestrian darker than the
background) contrast where the visibility of pedestrians could be low (Figure 2). Some
studies (Hasson et al., 2002; Gibbons et al., 2008) have advocated offsetting street lights to
be located 10 to 15 ft ahead of the crosswalk in the direction of travel, which improves



pedestrian visibility by making positive contrast more prevalent, but even this technique
can result in negative contrast (Bullough et al, 2009) and thus, reduced visibility of
pedestrians.

Figure 3. Bollard level crosswalk lighting provides consistent levels of vertical illumination in
the crosswalk, maintaining positive contrast.

To overcome these shortcomings, Bullough et al. (2009) analyzed several different
crosswalk lighting solutions, and identified bollard-level crosswalk lighting (Figure 3; see
also Figure 1) as a promising solution for producing sufficient vertical illuminance levels in
the crosswalk to maintain positive contrast throughout the crosswalk. Prototype bollard
fluorescent floodlight luminaires were tested in Middlesex County, New Jersey and judged
by participants from the local police department, the New Jersey Department of
Transportation, and New Jersey Transit to be beneficial for safety.

Figure 4. Bollard crosswalk lights evaluated for use in New Jersey.

Visual performance improvements from the bollard-based approach were studied more
systematically in a field experiment conducted by Bullough et al. (2012a) and found to be
consistent with the previous demonstration participants’ comments. Subsequently, other



bollard luminaires using fluorescent lamps were evaluated along roundabout crosswalks
(Bullough et al., 2012b) in Albany County, New York (Figure 5), and bollards using light
emitting diodes (LEDs) were tested in a field evaluation (Bullough, 2013) conducted in
Aspen, Colorado (Figure 6). In each case, responses to the bollard lighting system were
positive. This approach to illuminating pedestrian crosswalks was featured in the
Transportation Research Board’s Human Factors Guidelines for Road Systems (Campbell et
al, 2012) and in a Minnesota Department of Transportation research synthesis entitled
New Approaches for Roundabout Lighting to Enhance Pedestrian Safety (CTC and Associates,
2014).

Figure 6. LED bollard luminaires tested in Colorado.

2.2. Lighting and Perceptions of Safety and Security

There are several aspects of outdoor lighting, particularly bollard-level lighting, that can
influences pedestrians’ perceptions of safety and security in the illuminated exterior



environment. Several authors have investigated the role that the scale of bollard luminaires
and elements can play in reinforcing these perceptions. For example, Vogel and Pettinari
(2002) reported that bollard luminaires can assist in providing “people-scaled illumination
in dark corners” of areas around transit stations. Paskovic (2012) found that bollard
luminaires in pedestrian areas reinforced “an inviting public realm.”

The color of illumination can also play a role in impacting pedestrian perceptions of
personal security. A number of studies of “white light” for outdoor use have been made in
which the white illumination from such light sources as mercury vapor (MV) lamps, metal
halide (MH) lamps, fluorescent lamps or LEDs was compared to the yellowish illumination
from high pressure sodium (HPS) lamps. HPS lamps are the most commonly used light
source for outdoor lighting in the U.S. (Navigant, 2012). Daley (1995) reported that
individuals judged outdoor college campus lighting using MH lamps as producing brighter
illumination that reinforced safety more than lighting using HPS lamps. Belcher et al.
(1999) compared the responses of residents to MH and HPS street lighting, finding
preferences for MH over HPS. Rea et al. (2009) performed a series of field experiments
under MH and HPS lighting; under MH, streets were judged as brighter (Figure 7) and safer
(Figure 8) than under HPS. Color identification was also improved under the white MH
illumination relative to the yellowish HPS light. Knight (2010) also reported that
neighborhoods illuminated by MH lamps were judged as brighter, safer and more
comfortable than those lighted by HPS.
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Figure 7. Percentage of time observers judged a street illuminated by MH to appear brighter
than one illuminated by HPS, as a function of the relative illuminance from the MH to the HPS
system.
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Figure 8. Percentage of time observers judged a street illuminated by MH to appear safer than
one illuminated by HPS, as a function of the relative illuminance from the MH to the HPS
system.

Taken together, these results confirm the notion that white light for outdoor lighting is
likely to appear brighter, and consequently safer, than yellowish light such as that from
HPS lamps.

2.3. Lighting, Street Furniture and Pedestrian Wayfinding

The impacts of bollards and bollard-level lighting elements on wayfinding and navigation
by pedestrians have also been investigated.

Vogel and Pettinari (2002) stated that bollards can provide cues about where pedestrians
should stand and about the locations of pathways while moving through a transit station.
Stoloff (2005) reported that participants in a workshop on pedestrian wayfinding at
roadway intersections stated that bollards could serve a wayfinding function for
pedestrians at these locations. Reiss et al. (2014) found that bollards used on a transit
station platform served as impromptu wayfinding aids, especially for transit passengers
with visual impairments. Richards (2014) described the use of decorative bollards to
provide visual cues to patrons of an outdoor zoo to assist in identifying different parts of
the facility. Adams and Cavill (2015) reported that the presence of pedestrian-level
bollards in conjunction with other infrastructure improvements resulted in long-term
increases in the use of certain pedestrian routes. Taken together, these results suggest that
using bollard luminaires for pedestrian crosswalks, particularly at midblock crossings
where crosswalks might otherwise not be expected, could assist in identifying appropriate
street crossing locations.



3. LIGHTING DEMONSTRATION: METHOD

In cooperation with the Schenectady County Metroplex Development Authority, 3M and
Intrigue Lighting, the Lighting Research Center (LRC) at Rensselaer Polytechnic Institute
demonstrated a novel prototype pedestrian crosswalk lighting system during October and
November 2015. The project team initially demonstrated the lighting system inside the
Broadway Parking Garage for the City of Schenectady Mayor and Traffic Signal Control
Superintendent.

The final nighttime demonstration location was at a midblock crosswalk across Broadway
in downtown Schenectady during an evening in which a performance at nearby Proctor’s
Theatre was held. The lighting system (Figure 9) used LED (correlated color temperature
of 4000 K) bollard luminaires to illuminate the crosswalk and provide vertical illumination
onto pedestrians crossing the street. The system was equipped with push button control so
that the output was reduced until a push button was activated and then the luminaires
increased to full output (producing a vertical illuminance of 12 lux, meeting the
performance specification of at least 10 lux) after briefly flashing for several seconds
(Figure 10). The reduced output level from the luminaires was between 2 and 3 lux in the
center of the crosswalk. The luminaires were aimed across the roadway so that they did
not serve as glare sources for oncoming traffic (Figure 11). It can also be seen from Figure
11 that the location was illuminated by a mix of light sources including HPS and MH post-
top luminaires, and by LED floodlights mounted on the wall of the adjacent parking garage.

Figure 9. Daytime appearance of the bollard crosswalk luminaires. On the post in the center of
the photograph is a red button used for pedestrian activation of the lighting system.



Figure 10. llluminated appearance of bollard crosswalk lighting system at night.

Figure 11. Nighttime view of he crosswalk lighting system from down the road (taken from
the sidewalk).

Researchers from the LRC observed the lighting installation and asked members of the
public who were walking along or across Broadway to complete a short questionnaire
asking about several aspects of the lighting system. Questions related to perceptions of
safety, comfort, appearance, glare, visibility and color. A total of 40 individuals completed
the survey questionnaire between 5:00 and 9:00 p.m.



4. LIGHTING DEMONSTRATION: RESULTS

The average responses to the survey questionnaire (shown in Figure 12) indicated the level
of agreement or disagreement with each statement on a five-point scale ranging from +2
(agree completely) to -2 (disagree completely). Statistical analyses were conducted using
two-tailed, one-sample Student's t-tests. These analyses revealed that all of the average
responses differed significantly (p<0.05) from a value of zero, indicating that participants
exhibited a reliable level of agreement or disagreement with every question. The mean
numerical responses for most questions were greater than zero, indicating positive
assessment of the lighting system. The mean numerical responses for two of the questions
(specifically, the questions about glare and about the presence of dark areas) were less than
zero, indicating disagreement with the statements that the lighting was glaring or that
there were dark areas. These responses also indicated a positive overall assessment of the
lighting.

Mean Responses (n=40)

| would feel safe crossing here. -
[
| would feel comfortable driving here. l ——
|
The appearance is appropriate. l -
The lighting is glaring. —
| can see pedestrians easily. ——
There are dark areas. —
The lighting is bright. j
| like the color of the lighting. I =
-2 -1 0 :II. 2
Disagree Disagree Neither agree Agree Agree
completely somewhat nor disagree somewhat completely

Figure 12. Average (mean) responses to each of the survey questionnaire items. Also shown as
error bars are the standard error of the mean for the responses to each question.

The responses to the statement "The lighting is bright" had the lowest positive mean rating
value. In combination with the less-than-zero mean response to the statement "The lighting
is glaring,”" this suggests that the brightness of the luminaires was not excessive but that
respondents felt that the lighting produced an adequate light level within the crosswalk.
Based on the research results reviewed in an earlier section of this report, the perceptions
of the brightness of the lighting were likely influenced both by the light level and by the
spectral (color) content of the lighting, which was white in appearance. As described
previously and illustrated in Figure 11, the ambient lighting in the test location was
generated by a mixture of (white) MH, (white) LED and (yellowish) HPS light sources.
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Responses about the appearance of the bollard lighting luminaires (see Figure 9) were also
positive, suggesting that the luminaires' aesthetic appearance was appropriate for a
downtown urban area, and reinforcing their potential value as architectural wayfinding
elements for locations like the midblock crossing at which they were installed.

11



5. DISCUSSION AND CONCLUSIONS

The demonstration of pedestrian crosswalk lighting in downtown Schenectady attracted
press coverage from the local newspaper, the Daily Gazette (Barber, 2015).

The review of published literature as well as the demonstration activities summarized in
this report indicate the potential for bollard-level crosswalk lighting to enhance pedestrian
visibility and improve safety at crosswalks, particularly at locations where the presence of
a crosswalk might not be expected by approaching drivers. Such locations include midblock
crossings, roundabouts and locations near schools and other public venues that might
experience high levels of pedestrian traffic at sporadic or unexpected times.

The light levels produced by the system are sufficient to achieve high levels of visual
performance (Bullough et al., 2009, 2012a). The pushbutton control used by the prototype
bollard luminaires in the present demonstration allow the system to produce a relatively
low, glare-free light level when not in use, while still making the luminaires highly visible to
pedestrians and drivers. The temporary cycling between low and high light levels can act as
a visual alert to drivers that a pedestrian wishes to cross the street, and the higher light
level of at least 10 vertical lux results in high levels of visibility.

Subjective judgments of the test lighting system in downtown Schenectady were very
positive, reinforcing previous findings that the light levels needed for visibility can be
achieved without excessive glare or other negative consequences.

The lighting system used no more than 7 W of electrical power when operating at full light
output, and less than 2 W when operating at the reduced output level. In comparison,
outdoor overhead luminaires use much higher wattages, mainly because the higher
mounting heights they use to produce long pole spacings requires the power to increase
approximately with the square of the mounting height (the so-called inverse square law).
By locating luminaires close to the pedestrians they are intended to illuminate, and keeping
illumination within the confines of the pedestrian crosswalk area, power levels and the
resulting energy use can be greatly reduced relative to convention overhead lighting
approaches.

12



6. ACKNOWLEDGMENTS

The present study was supported by the Research and Innovative Technology
Administration (RITA) through the Region 2 University Transportation Research Center
(UTRC) administered by the City University of New York. We appreciate the assistance of
Camille Kamga and Penny Eickemeyer from UTRC in administering this study. In-kind
support for this project was provided by the Schenectady County Metroplex Development
Authority, 3M, Intrigue Lighting, and Rensselaer Polytechnic Institute. Important
contributions to this project were made by Howard Ohlhous, Charles Jarboe and Patricia
Rizzo of the Lighting Research Center; by Jayme Lahut and Ray Gillen of the Schenectady
County Metroplex Development Authority; by Todd Manderfield of Intrigue Lighting; by
Karl Geisler and David Freier of 3M; by Joseph O'Connor and Thomas Wilson of TW&A
Construction Management; by Mayor Gary McCarthy and John Coluccio of the City of
Schenectady; by Ronald Baldwin of LAZ Parking; and by the members of the Schenectady
Ambassador Program.

The authors dedicate this report to the memory of Joseph O'Connor from TW&A
Construction Management, who passed away recently after a heroic battle with cancer.
Joe's participation in this project was helpful and constructive, and he was a supportive
advocate and catalyst for many positive developments in downtown Schenectady.

13



7. REFERENCES

Adams EJ, Cavill N. 2015. Engaging communities in changing the environment to promote
transport-related walking: Evaluation of route use in the 'Fitter for Walking' project.
Journal of Transport and Health 2: 580-594.

Barber, PR. 2015. Lighting the way. Schenectady Daily Gazette (November 21): C1.

Belcher MC, Klein AK, Gadberry B. 1999. User survey of subjective preference for street-
lighting sources. Journal of Architectural Engineering 5(3): 92-97.

Bullough JD. 2013. Demonstration and Evaluation of Pedestrian Crosswalk Bollard Lighting.
Aspen, CO: City of Aspen.

Bullough ]D, Rea MS, Zhang X. 2012a. Evaluation of visual performance from pedestrian
crosswalk lighting. Transportation Research Board 91st Annual Meeting, Washington, DC,
January 22-26. Washington, DC: Transportation Research Board.

Bullough JD, Rea MS, Snyder JD, Skinner NP, Capo RI, Rizzo P, Besenecker U. 2012b.
Demonstration of Roundabout Lighting Based on the Ecoluminance Approach, C-08-
03/18233. Albany, NY: New York State Department of Transportation.

Bullough ]JD, Skinner NP. 2012. Vehicle lighting and modern roundabouts: Implications for
pedestrian safety. Society of Automotive Engineers World Congress, Detroit, MI, April 24-26,
2012. Warrendale, PA: Society of Automotive Engineers.

Bullough |D, Skinner NP, Pysar RM, Radetsky LC, Smith AM, Rea MS. 2008. Nighttime Glare
and Driving Performance: Research Findings, DOT HS 811 043. Washington, DC: National
Highway Traffic Safety Administration.

Bullough ]JD, Zhang X, Skinner NP, Rea MS. 2009. Design and Evaluation of Effective
Crosswalk Illumination, FHWA-NJ-2009-03. Trenton, NJ: New Jersey Department of
Transportation.

Campbell JL, Lichty MG, Brown JL, Richard CM, Graving JS, Graham ], O'Laughlin M, Torbic D,
Harwood D. 2012. Human Factors Guidelines for Road Systems, NCHRP Report 600.

Washington, DC: Transportation Research Board.

CTC and Associates. 2014. New Approaches for Roundabout Lighting to Enhance Pedestrian
Safety. St. Paul, MN: Minnesota Department of Transportation.

Daley KA. 1995. Perceptions of campus lighting. Proceedings of the Illuminating Engineering
Society Annual Conference (pp. 486-526). New York, NY: [lluminating Engineering Society.

14



Edmonds WF, Wheatley ], Geisler KJL, Freier DG, Brott RL. 2015. Display technologies for
LED lighting, part II: Scalable optical architectures enabled by modular film based
components. Society for Information Display Digest 46(1): 670-672.

Gibbons RB, Edwards C], Williams B, Andersen CK. 2008. Informational Report on Lighting
Design for Midblock Crosswalks, FHWA-HRT-08-053). Washington, DC: Federal Highway
Administration.

Hasson P, Lutkevich P, Ananthanarayanan B, Watson P, Knoblauch R, Nitzburg M. 2002.
Field test for lighting to improve safety at pedestrian crosswalks. Proceedings of the 16t
Biennial Symposium on Visibility and Simulation, lowa City, IA.

[lluminating Engineering Society. 2014. Roadway Lighting, RP-8-14. New York, NY:
[lluminating Engineering Society.

Knight C. 2010. Field surveys of the effect of lamp spectrum on the perception of safety and
comfort at night. Lighting Research and Technology 42: 313-329.

Mefford ML, Flannagan M], Bogard SE. 2006. Real-World Use of High-Beam Headlamps,
UMTRI-2006-11. Ann Arbor, MI: University of Michigan.

Navigant Consulting. 2012. 2010 U.S. Lighting Market Characterization. Washington, DC: U.S.
Department of Energy.

Oya H, Mitsuhashi K, Ando K. 2000. A study on visibility at the fusion of road lighting and
headlamps. 79th Annual Transportation Research Board Meeting, January 2000, Washington,
DC.

Paskovic A. 2012. Urban Lighting: Planning for Public Spaces in Vancouver's Southeast False
Creek. Kingston, ON: Queen's University.

Rea MS, Bullough ]JD, Akashi Y. 2009. Several views of metal halide and high pressure
sodium lighting for outdoor applications. Lighting Research and Technology 41: 297-320.

Reiss S, Lozano R, Cannell M]J, Puglisi D, Mitchell L. 2014. Successful implementation of
station platform between car barriers. Transportation Research Board 93rd Annual Meeting,
Washington, DC. Washington, DC: Transportation Research Board.

Richards MDW. 2014. Animal-themed street furniture. International Zoo News 61(1): 21-27.

Stoloff ER. 2005. Developing curb ramp designs based on curb radius. Institute of
Transportation Engineers Journal (April): 26-32.

Vogel M, Pettinari ]. 2002. Personal Safety and Transit: Paths, Environments, Stops and
Stations, CTS 02-05. Minneapolis, MN: Center for Transportation Studies.

15



2

ty Transportation Research Center - Region
Funded by the U.S. Department of Transportation

1Versl

=
—

Region 2 - University Transportation

Research Center

The City College of New York
Marshak Hall, Suite 910

160 Convent Avenue

New York, NY 10031

Tel: (212) 650-8050

Fax: (212) 650-8374
Website: www.utrc2.org




