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Executive Summary

In 2012 the Fatality Analysis Reporting System (FARS) showed that rural intersection collisions
accounted for 16% of all fatalities nationwide, with almost 30% of those fatalities occurring at
night. The crash rate in Minnesota is slightly lower but still shows a 10% fatality rate for
intersection crashes at night for those intersections without roadway lighting. Intersection
lighting has been identified as an effective mitigation strategy for reducing nighttime collisions.
Intersection lighting illuminates the rural intersection areas providing drivers with additional
visual information prior to making a turn decision. The roadway lighting also provides drivers
access to otherwise low contrast information when approaching a rural intersection. While rural
intersection lighting has been connected to a reduction in rural intersection nighttime crashes to
some extent, limited information is available about how the quality or quantity of that roadway
lighting effects nighttime crashes.

Lighting warrants and lighting level recommendations are provided by the American National
Standard Institute and the Illuminating Engineering Society (e.g., ANSI/IES, RP-8-14) and a
number of other national and statewide reports. These recommendations suggest a minimum
amount of horizontal illuminance required at intersection locations (and for other roadway
lighting applications) that allows drivers sufficient illumination for object visibility. The
horizontal illuminance was utilized as a method to provide sufficient and appropriate lighting
levels at intersection locations. A number of other parameters are included when calculating an
appropriate lighting design for an intersection including, pavement classification, glare,
luminaire type, headlights, and foliage. These recommendations provide an excellent foundation
for establishing new lighting at intersections, yet little is understood about the benefits of any
amount of roadway lighting at intersection locations.

The objective of this study was to identify isolated rural intersections of interest, build a lighting
data collection system, take lighting measurements at these intersections, and then analyze that
data with respect to the factors within the crash data. Finally, the recommendations from the
analysis would provide some insight into lighting levels for rural intersections and future
research directions given the data analyzed. A number of steps were implemented to achieve
these efforts:

1) Surveying county engineers about intersection lighting

2) Identifying intersections where data collection could be completed
3) Identifying and building a data collection system

4) Collecting horizontal illuminance data at those intersections

5) Comparing nighttime crash ratios using illuminance data

6) Providing results and conclusions

A county engineering intersection lighting survey was created and then administered to all county
engineers within the Minnesota. Of the 87 counties, a total of 45 county engineers responded by
completing the survey. The survey asked the country engineers (or designates) if they maintained
any intersection lighting, what type of lighting they maintained, estimate of the cost of installing and
maintaining the intersection lighting, questions about any recent lighting projects, and whether they
had any specific intersections that would be appropriate for horizontal illuminance measurement. Of



the total counties that responded, 27% of them concluded they did not currently maintain any rural
intersection lighting. The remaining respondents identified approximate totals of lighting,
installation, maintenance, and additional costs associated with rural intersection lighting. The
respondents also provided the researcher with a number of locations where intersection lighting
measurements could be taken. These suggestions were accumulated and then compared with the
crash database information to identify appropriate intersections of interest.

During the intersection identification process, a crash database was used to examine the number of
crashes at the intersection location, the status of the intersection lighting (e.g., lighted or unlighted),
intersection geometry (e.g., near a curve), and intersection configuration (e.g., ‘T’ or crossroad). A
final list of intersections was generated prior to building the data collection equipment. Upon review
of the intersections a number were removed to streamline the data collection process. In addition, a
number of intersections were added around the greater metro area in an effort to reduce data
collection time and expedite the project. A final list of intersections from a total of six different
counties identified 63 intersections of interest to be measured by the data collection system.

To collect the required horizontal illuminance measurements in a reasonable amount of time using
an effective method, the researcher identified an effective measurement apparatus as previously
created by the Center for Infrastructure Based Safety Systems at the Virginia Tech Transportation
Institute. The data collection device utilizes a number of Minolta illuminance meters that are
positioned on the roof of a vehicle in such a manner as to collect horizontal illuminance data while
the vehicle is in motion. The data collection technique allows a researcher to collect data at multiple
intersections without having to stop the vehicle and take measurements using a hand held device.
The technique also allowed the researcher to take horizontal illuminance measurements from all
approaches for each of the rural intersection locations in order to collect as much data as possible.
The device utilized a Trimble R7 Global Positioning System attached to the vehicle to map the data
to the actual location of the intersection. After data collection was complete, the researcher cleaned
and checked the data for errors before combing the information into an overall data file.

The data was then analyzed using a number of negative binomial regression models that reviewed all
the data, just those intersections that contained roadway lighting, and just those intersections that had
no lighting installed. The results showed a significant benefit of horizontal illuminance for all of the
analyses but was particularly pronounced for the lighted and unlighted intersection locations. The
overall model showed a 9% reduction in the nighttime crash ratio for the overall analysis, but this
number increased to 20% for lighted intersections and was 94% for unlighted intersections. Contrary
to other research, ‘T intersections were identified as providing reductions in the nighttime crash
ratio (e.g., 200%) compared to crossroad intersections. Also, those intersection locations that were
near a curve were found to have reduced nighttime crash ratios (e.g., 178%) compared to those that
were not located near a curve. A number of interactions also occurred between the predictor
variables that influenced the impact of intersection type and also the average horizontal illuminance.

The research concluded and re-confirmed the beneficial nature of roadway lighting at isolated rural
intersections. Furthermore, the research recommends investigating minimum horizontal illuminance
levels around or greater than 5-lux as a baseline for testing nighttime visual performance and for
comparisons with crash rates. Future research is suggested where additional data is collected from
more intersections in an effort to validate both minimum and maximum horizontal illuminance,
vertical illuminance, and luminance levels at rural intersection locations. The researcher
recommends investigating the impact of newer roadway lighting technologies (e.g., Light Emitting
Diode) as a method to reduce lighting levels but still maximize driver visual performance. Newer



technologies can also provide cost savings at the reduced levels in addition to maintenance and
longevity benefits, which may in turn counteract any high upfront costs.



Chapter 1
Introduction

Nighttime crashes at rural intersection locations are reduced when roadway visibility is improved
by installing lighting at that location. Specifically, nighttime-to-daytime crash ratios have been
significantly lower at those intersection locations containing roadway lighting [1, 2, 3, 4, 5].
While roadway lighting at intersections provides an appropriate mitigation technique for
reducing nighttime crashes little is known about how the quality and quantity of lighting impacts
visual performance of drivers and in turn, nighttime crash statistics [6, 7].

According to the 2012 Fatality Analysis Reporting System (FARS; 8), rural intersection
collisions accounted for 16.1% of all fatalities across the nation, 29.7% of which occurred during
dark conditions (excluding dusk and dawn conditions). The same year, the reported number of
traffic fatalities in Minnesota was 395 [9]. Of those fatalities, 36 occurred at rural intersection at
night (e.g. dark conditions without lighting). For the reported statistics, intersection was confined
to four-way intersections, T-intersections, Y-intersections, and five+ point intersections. Rural,
was defined as Rural-Principal Arterial-Interstate, Rural-Principal Arterial-Other, Rural-Minor
Arterial, Rural-Major Collector, Rural-Minor Collector, Rural-Local Road or Street, and Rural-
Unknown.

The human visual system is optimal in high levels of illumination [10, 11]. In the case of night-
time driving, vehicle headlamps provide some illumination of the forward roadway; however,
depending on the quality of pavement markings and roadway geometry drivers may be more
likely to ‘overdrive’ the environment illuminated by the headlamp beam [12]. Driving too fast
for the visible conditions and failure to identify objects in a timely manner are just some causes
of vehicle crashes at night. The application of roadway lighting at various highways or rural
intersection locations provides visual benefits for drivers, beyond headlamps, as they navigate
critical visual information in the dark.

The safety benefit of roadway lighting at isolated rural intersections has received some attention
over the years. For example, Wortman, Lipinski, Fricke, Grimwade & Kyle (1972) completed a
project to develop warrants for at-grade rural intersection lighting. They also set out to identify
the types and levels of illumination to be used. At that time, Wortman et al. (1972) concluded
that intersections chosen for lighting were often locations with high percentages of nighttime
accidents or locations with raised channelization. However, there were no specific rural
intersection warrants; just the American Standards Association’s “Warrants” which
recommended lighting levels when a location had been identified as having a high number of
crashes. Wortman et al. (1972) focused on identifying a relationship between the nighttime
accident rate and the lighting level while controlling for other factors (e.g., traffic volumes). The
methodology included comparing daytime and nighttime accident rates at intersection locations,
such that the intersection was its own control and presumably, only the visibility changed. The
results showed that nighttime illumination had a significant and beneficial effect with the
average nighttime accident rate reduced by 30%. In a later report [14], the researchers concluded
that lighting reduced the nighttime accident rate by 45%.

Walker and Roberts (1976) performed an analysis using a before (lighting)/after (lighting)
approach with respect to crash data. The researchers found significant reductions in nighttime
crashes for intersections with Average Daily Traffic (ADT) rates of more than 3,500 vehicles



when lighting was used. The researchers found that nighttime crash rates were significantly
reduced from 1.89 to 0.91 (before/after the installation of lighting — per million entering vehicle
miles). They also found that channelized intersections showed significant reductions in nighttime
crash rates when lighting was used, but found no significant differences for the non-channelized
intersections [14].

Preston & Schoenecker (1999) administered surveys to city and county engineers in rural
Minnesota, generating 91 total responses, and compared previous crash records to the lighting
installation efforts. The researchers accessed MnDOT records from 1995, 1996, and 1997,
looking at day versus night crash rates based on intersections without street lighting (3,236) and
intersections with street lighting (259). They found that 78% of counties and 66% of cities
reported no illumination at rural intersections while remaining within the warrant standards. The
intersection analysis found that of the 2,153 intersection crashes, 1,926 of them occurred at
intersections with no lighting. It was discovered that the correlation of nighttime crash rate at
intersections with no lighting was significantly higher (0.63) than nighttime crash rate at rural
intersections with lighting (0.47). The results of this study indicate that stricter warrants may be
necessary, which eventually prompted changes to Minnesota’s rural intersection lighting
warrants. Prior to the 1999 study, the requirement in Minnesota required that lighting be installed
at rural intersections where 3 or more crashes occurred over a 1 year time frame. After the study
was completed, the guidelines lowered to required lighting installation where three nighttime
crashes over three years occurred [5].

For the same study, Preston & Schnoecker (1999) conducted a 3-year pre-lighting vs. 3-year
post-lighting analyses of 12 sample intersections to identify the efficacy of lighting installation
efforts. Before/after comparisons were made, using a Poisson distribution, for crash severity,
crash type, and crash rate. Results showed that there was a decrease in all three before-and-after
variables (crash severity, crash type, and crash rate). Significant decreases were observed in
overall nighttime crash rate, with a 40% decrease after lighting was installed (95% CI). A 20%
decrease in fatal and personal injury crashes was observed after lighting was installed (90% CI).
A cost-benefit analysis suggests that installing lighting is economically beneficial (approximately
a 15:1 ratio) when weighing the costs of installation, maintenance, and operation with the
benefits of saving money from property damage, personal injury, and fatal crashes.

Using the state crash database, researchers at University of Kentucky isolated nine rural
intersections with a high frequency of critical nighttime crashes [15]. The cutoff for critical
crashes was two or more at each given intersection over a three year period. Lighting was
installed at nine T and 4-way intersections based on design criteria from American Association
of State Highway and Transportation Official (AASHTO) and American National standard
Practice for Roadway Lighting (ANSI/IESNA RP 8-00; 16, 17). Researchers used a Minolta T-
10 Illuminance Meter to take measurements of average illuminance and uniformity of
illuminance within the boundaries of each intersection to ensure it met the standards. Pre-lighting
and post-lighting crash data were compared. Although the cutoff limits and sample size were
small, it was found that lighting reduced crashes by 45% on average.

A follow up to the Preston & Schoenecker (1999) study was conducted in 2006 to expand the
rural intersection sample [1]. Isebrands et al., surveyed all counties in Minnesota for
representative intersections that had a recorded date of lighting installation with no other
intersection safety modifications. A 3 year pre-installation, 3 year post-installation study was



conducted covering 33 rural intersections. Rural intersections were defined as “located at least 1
mile from areas with significant development or 1 mile from a signalized intersection on the
same roadway.” Records from MnDOT were accessed to investigate crashes that occurred within
300 feet of each intersection. Traffic volume was accounted for, similar to previous studies;
however, the current study considered dawn and dusk in their time-of-day analysis. Full highway
lighting was used on 4 intersections and a single-light (installed on an existing utility pole) was
used on 29 intersections. Crash rate was compared for day/night and before/after installation. A
general linear model for Poisson distribution found that 63% fewer crashes occurred during the
day at the intersections selected and there was a 37% reduction in nighttime crash rate after the
installation period. Lastly, they found that a substantial portion (e.g., 75%) of the luminaires at
the sampled locations were mounted on existing utility poles which were deemed to be
“destination” lighting. Destination lighting is considered to act more like a visible landmark than
illuminate an intersection to a recommended specification. Hence, some level of lighting is
beneficial [1, 4].

The results of these studies demonstrate that the benefit of lighting is not in question however,
the amount of light required by drivers requires further understanding. Current rural intersection
lighting systems appear to serve two purposes. The first is it provides a point of reference for
drivers in a rural area about an important area ahead. The second is that it provides valuable
visible information about the geometric structure of the intersection, intersection signage, general
conditions, and may prompt drivers to increase awareness at these critical locations.

Recommended Practices

The intent of warrants is to aid in the identification of situations where lighting may be
appropriate in the reduction of crashes and fatalities. Warrants and recommended
practices/standards [e.g., 16, 17, 18] provide a set of criteria or threshold that must be met in
order to for lighting to be considered. The installation of lighting, however, is up to the discretion
of the State or other agencies. The decision to install lighting can be influenced by a number of
other factors. For example, the Minnesota Department of Transportation’s methods for installing
street lighting at rural intersections are documented in Chapter 10, Section 3.01 of the Traffic
Engineering Manual [19].

The following standards were identified from the newly released 2014 Approved American
National Standard and Illuminating Engineering Society [18] for roadway lighting. According to
ANSVIES, the three methods for evaluating lighting design are luminance, illuminance, and
Small Target Visibility (STV). These methods are often combined when determining standards
for lighting and are also dependent on the roadway type in question. Horizontal illuminance was
the selected design method set out by ANSI/IES for determining intersection lighting.
Determining the horizontal illuminance level requires calculating the pavement luminance first.
The average luminance standard for “Major” roadways that generate low pedestrian traffic is 0.6
(cd/m?). “Major” routes, defined as ‘routes [that] connect areas of principal traffic generation and
important rural roadways entering and leaving the city’, are the closest match to the rural
roadways used in the current study. Finally, to get the horizontal illuminance, a ratio of 1cd/m” =
10 — 15 (depending on the pavement classification) is the standard for Major roadways with low
pedestrian traffic at intersections.

Another suggested method for standardizing rural intersection lighting applies to intersecting
roads that are no larger than two lanes. The ANSI/IES recommends average illumination of



15.0/1.5 (Lux/fc) for zones designated “Major/Collector” and 13.0/1.3 (Lux/fc) for
“Major/Local”. These zones closely resemble the rural intersections of interest in the current
study with respect to volume and average speed. Major/Collector refers to intersections with
1,500 — 3,500 average daily traffic (ADT) where Major/Local are intersections having 100 to
1,500 ADT [18; pp 15].

There are also a number of general considerations that apply to intersection lighting design
which are also outlined in the ANSI/IES document, which include:

Pavement Classification — Classes are determined based on pavement “lightness” and
mode of reflectance. Common surfaces are R1 (cement concrete) and R3 (asphalt with
dark aggregates).

Glare — By installing lighting with a limited veil luminance ratio the effects of disability
glare will be reduced. Trespass glow and night glow were also considered. These can be
reduced by limiting the amount of uplight (light that is directed toward the sky).
Luminaire Classification System — The updated LCS has changed from the previous
system which used light intensity as the main basis for target luminance. The new system
is still being evaluated; however, it proposes the use a rating system where the basis for
target luminance uses percentage of luminaire lumens within a given area to determine
the LCS.

Headlights — Since low beam headlights are standard for traveling speeds of 30mph with
no pedestrians, it is suggested that headlights alone are not sufficient for providing
illumination for detecting objects at higher speeds.

Trees — Presence of leaves and maturity of trees should be accounted for when designing
lighting, especially in areas like Minnesota. Exact standards are not set, but it is estimated
that 10-20% of light is lost due to trees, and this should be factored into the design.

Mn/DOT Roadway Lighting Design Manual

In addition to the ANSI/IES suggestions there are additional factors to be considered as outlined
in the Mn/DOT Roadway Lighting Design Manual [19]. These factors include those identified by
the Engineering manual in addition to suggestions by AASHTO for rural highways where drivers
may drive through complex intersections with raised channelization or unusual geometry. The
manual aligns with the ANSI/IES standards for intersection lighting, but also lays out a 14 step
process for the design and installation of roadway lighting in Minnesota [19].

Lastly, counties within the State have either established their own warranting guidelines or
utilize the research completed thus far as a basis for warranting rural intersection lighting.
Usually the counties rely on the guidelines provided by AASHTO and also information as
referenced in the Local Road Research Board Report No. MN/RC-1999-17. However, there are
counties that do not have specific polices or guidelines for rural intersection lighting. In these
instances, investigating the impact of lighting level and the utility of providing, at minimum,
destination lighting may be beneficial to these communities. In an effort to identify and gather
additional information, a survey was created and sent to all county engineers within the State of
Minnesota to update rural intersection information.



Objectives

The objective of this study was to identify isolated rural intersections of interest, build a lighting
data collection system, take lighting measurements at these intersections, and then analyze that
data with respect to the factors within the crash data. Finally, the recommendations from the
analysis would provide some insight into lighting levels for rural intersections and future
research directions given the data analyzed. A number of steps were implemented to achieve
these efforts which included:

1) Surveying county engineers about intersection lighting

2) Identifying intersections where data collection could be completed
3) Identifying and building a data collection system

4) Collecting horizontal illuminance data at those intersections

5) Comparing nighttime crash ratios using illuminance data

6) Providing results and conclusions

A roadway lighting system is only useful if it reduces nighttime crashes and fatalities. As a
comparison, the current data collected and analyzed for the intersections of interest were
assessed against newly published guideline and practices provided by ANSI/IES RP-8-14
national standards. Identifying illuminance levels at isolated rural intersection locations and the
corresponding potential safety improvements, even if lighting levels are not at suggested
standards, can provide MnDOT and county engineers with information on potential proactive
safety requirements at isolated rural intersections.



Chapter 2
State of Minnesota County Lighting Survey

In November 2012, the researcher emailed an isolated rural intersection lighting survey to 87
counties in the State of Minnesota. The surveys were created using the University of Minnesota
Survey (UM Survey), an online academic survey creation package that is managed by the Office
of Technology at the University of Minnesota. The researcher chose UM Survey, as opposed to
other online survey tools, as the data had integrity and security assurances in use by the
University. Furthermore, the site is advertisement free, which in turn maintains a professional
appearance for distribution outside of the University — a goal of the current research. The online
survey followed a similar format to the previous questionnaires that were previously used [1, 4,
5, 20], where counties in Minnesota and lowa were surveyed regarding rural intersection lighting
practices. The format of the questionnaire was adapted to internet web browser access standards
and questions were modified and added to gather additional information. A copy of the
questionnaire distributed to the counties is presented in Appendix A.

Survey Responses

The survey link and reminder was emailed to all 87 county engineers 45 responses were gathered
from the 87 counties that received the survey. The responses varied in the number of questions
completed and the amount of information available to the research team. The response locations
are shown in Figure 1 below:
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Figure 1. Rural Intersection Lighting Survey County Responses (green indicates county
responded)



Summary of Responses

The response type and information acquired through the responses varied greatly between each
of the counties surveyed. Of the respondents (45), 12 out of 45 (27%) counties concluded they
did not have or maintain any isolated rural intersection lighting within their jurisdiction. The
remaining counties varied on the amount of rural intersection lighting within their county. Table
1 provides an overview of the amount of rural intersection lighting within counties and the
associated costs with installing and maintaining the lighting.

Table 1. Number of installations and installation costs

Survey question Response range | Averaged Response
How many rural intersections does your county 0-1000* 125
currently maintain?
Estimate of installation costs (total) $1500-$15000 $4200
Estimate of maintenance costs (per light/month) $0-$100 $32
Estimate of additional costs (per light/month)** $20-$75 $50

*At least 4 counties responded “Cannot be determined/Too many to count”
** Additional costs include motor vehicle damage, ‘gopher locates’ etc.

In addition to the amount of lighting and the associated costs, participants were also asked about
how the lighting installation was funded, installation guidelines (e.g., warrants/policies), the type
of lighting typically installed, and any limitations to the installation process. Twenty-four (53%)
counties had funding from County State Aid Highway (CSAH), County Highway Safety Plan
(CHSP), Highway Safety Improvement Program (HSIP), MnDOT, or a mix of state and county
funding. Five counties (11%) had funding through city/township funds and/or property tax. The
remainder 