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EXECUTIVE SUMMARY

Several research efforts, including one initiated by the Minnesota Local Road Research Board
(LRRB), have suggested that rural intersection lighting reduces nighttime crashes and is a cost-
effective crash mitigation strategy. However, many Minnesota highway agencies do not
routinely install or maintain streetlights at rural intersections or retain formal warrants or
guidelines for installation. This study was initiated to evaluate the effectiveness of rural street
lighting in reducing nighttime crashes at isolated rural intersections so that Minnesota agencies
have more information to make lighting evaluations.

Two methods were used to analyze rural intersection crash data for Minnesota. A comparative
analysis compared lighted and unlighted intersections from the Minnesota Department of
Transportation (Mn/DOT) intersection database. The second method was a before-and-after
study of intersection locations that had lighting installed. Both statistical models used a 10%
level of significance for the analysis.

Comparative Analysis

A comparative analysis was used to evaluate 3,622 rural stop-controlled intersections from the
Mn/DOT intersection database (223 were lighted with point, partial, or full lighting and the rest
were categorized as unlighted). Intersections selected were located on either US or Minnesota
trunk highways. Both daytime and nighttime volumes were determined and a daytime and
nighttime crash rate was calculated for each intersection. Overall, the average night to total crash
ratio was 27% higher at unlighted intersections than lighted intersections while the average night
crash rate was only slightly higher, at 3%, for unlighted intersections compared to lighted
intersections. The daytime crash rate was lower than the nighttime crash rate which confirms
that there are still an un-proportional number of crashes occurring at night relative to the
nighttime daily entering volume (DEV). The ratio of nighttime to total crash rate was 26%
higher at unlighted intersections than at lighted intersections. Crash type, crash severity, and
intersection geometry were also compared for lighted versus unlighted intersections.

Additionally, a linear regression model was used to compare the ratio of night crashes to total
crashes. Results indicated that the ratio of nighttime crashes to total crashes depends on the
presence or absence of lighting, daily entering volume, and the number of approach legs for the
intersection. The expected night to total crash ratio, based on this dataset, for unlighted
intersections was 7% higher than at lighted intersections and was statistically significant.

A Poisson regression model was used to model the night crash rate for the comparative analysis.
The best fit model includes presence of lighting; day or night condition and the interaction
between lighting and the day or night condition; approach speed; and number of approach legs.
The expected night crash rate at unlighted intersections was 6% lower than the night crash rate at
lighted intersections but was not significant, while the day crash rate was 35% lower at unlighted
intersections, holding all other variables equal. These findings suggest that locations that already
have safety problems were more likely to have lighting installed. Consequently, overall crash
statistics are already higher at those locations. The relevant difference appears to be in the ratio
of night to total crashes, which was lower at lighted intersections.



The Poisson regression model also indicated that intersections with posted speed limits at
55 mph or higher for all approaches had night crash rates that were 28% higher than approaches
with at least one approach with a posted speed limit less than 55 mph. Intersections with
four-approaches had night crash rates 51% higher than three-approach intersections. This implies
that lighting may be more beneficial at intersections with higher approach speeds.

For this model, the unlighted intersections cannot be treated well as a control group for the
lighted intersections (treated group). Two hypothesized reasons for this conclusion are the
differences in the number of intersections analyzed and the average DEV between the two
groups. First, it is suspected that the difference in the number of lighted (223) vs. unlighted
(3,399) intersections in the database may have skewed the model and results. Second, the
average DEV for the lighted intersections is approximately 40% higher than the average DEV at
the unlighted intersections. For this reason a before- and after- model was also used.

Before-and-After Analysis

A before-and-after study was also used to evaluate the impact of lighting on nighttime crashes.
Minnesota counties were surveyed to determine locations where lighting had been installed at
rural intersections. Site visits were made to the majority of the intersections to collect geometric
and surrounding land use data. A total of 90 potential intersections were initially identified.
Intersections with significant differences, such as severe skew angle or close proximity to a
railroad crossing, were removed from the list. The resulting list included 48 intersections.

When possible, a three-year before and three-year after analysis period were used. However,
since lighting was installed at different times, in some cases intersections had only a two year
before or two year after analysis period.

Comparing locations before-and-after installation of street lighting indicated that after lighting
was installed, there was a 13% reduction in night crash frequency. Additionally, 35% of the
intersections had a reduction in the number of nighttime crashes and 40% of the intersections had
a reduction in the number of daytime crashes. The nighttime to total and nighttime to daytime
crash ratios also decreased by approximately 21% and 35%, respectively, after lighting was
installed, representing a consistent decline in the number of crashes after lighting was installed.
Both daytime and nighttime crash rates were also calculated. The nighttime crash rate decreased
by 19% after installation of lighting while daytime crash rate increased by 26%. The ratio of
night crash rate to day crash rate decreased by 36% in the after condition. It is still a concern
that the total number of crashes increased as a result of the increase in the number of day crashes.
Two intersections accounted for 18 of the day crashes in the after condition which was 17% of
the total number of crashes at the 48 intersections.

A linear regression model was used to evaluate whether the ratio of night to total crashes had
decreased. The expected ratio of night to total crashes was reduced by 10% from the before to
the after period but results were not statistically significant at the 10% level of significance.

A Poisson regression model was used to evaluate the change in crash rate from the before to after
period. Initially the Poisson regression analysis included all 48 intersections. However model
results were not conclusive and after consultation with a statistician it was determined that given
that crashes are rare events, inclusion of intersections with short analysis periods may have
skewed the results. Consequently, it was determined that the Poisson regression analysis would



only include intersections with three years of before and three years of after data. A total of 33
intersections met these criteria. Model results indicated that the night crash rate from the before
to the after period was lower and statistically significant. and that the expected crash rate in the
before period (unlighted) was 59% higher than the estimated crash rate in the after period
(lighted) during the night. Additionally, the estimation of the crash rates during the day was 71%
less than at night in the before period, while the estimation in the day is 52% less than at night in
after period.

The total number of nighttime crashes decreased in the after period. Results of the Poisson
regression analysis suggests that there is a significant difference in the night crash rate between
the before and after periods and the difference is significant at the 10% level. The night crash
rate in the before period was 59% higher than the crash rate in the after period. The linear
regression model indicated that the ratio of night to total crashes decreased in the after period but
that the difference was not significant at the 10% level. Comparing these results to the increase
in the number of daytime crashes and day crash rate also infers that the lighting at these
intersections may have contributed to these reductions, as no other significant changes occurred
at the intersections.

Modified lighting warrants would allow Minnesota agencies to implement lighting as a safety
measure as either a proactive or reactive approach. Agencies may chose to install lighting due to
high crash experiences or install lighting at an intersection based on functional classification and
volumes on both the major and minor approaches.

As demonstrated in this research, street lighting has safety benefits for reducing crash experience
at isolated rural intersections. In order to effectively implement street lighting as a safety tool at
rural intersections for all Minnesota agencies, it is recommended that Mn/DOT modify the
current lighting warrants in the Traffic Engineering Manual and any subsequent documents with
reference to installation of lighting on Minnesota’s roadways. These changes would give
Mn/DOT and other agencies the authority to implement street lighting as a safety measure based
on revised warrants and guidelines.

Report Organization

This report presents a detailed description of the data collection and analysis for both the
comparative and before-and-after analysis methods. Section 1 provides the problem statement
and objectives for the project. Section 2 provides background information on existing studies
that have evaluated the impact of lighting at rural intersections. Section 3 provides an overview
of lighting warrants in Minnesota for rural intersections and provides information from other
states as well. The comparative analysis is presented in Section 4 and the before-and-after study
is presented in Section 5. Section 6 summarizes report information and provides conclusions and
recommendations.



1. INTRODUCTION

1.1 Problem Statement

The State of Minnesota identified reducing the number of traffic deaths and serious injuries as
one of its safety goals in the FY 2003 Highway Safety Plan (State of Minnesota, 2002).
Reducing the number of fatal intersection crashes is also one of the safety initiatives included in
the Federal Highway Administration’s (FHWA) program “Vital Few.” FHWA’s goal is to
reduce intersection fatalities by 10% by FY 2007 (USDOT, 2002).

Nighttime driving can be particularly problematic. The US Department of Transportation
(USDQOT) and the National Highway Transportation Safety Administration (NHTSA) both report
that while only 27% of total crashes occur under dark conditions, 45% of fatalities occur under
dark conditions (NHTSA, 2003). Two studies indicated that the nighttime fatality rate is three
times the daytime rate while the general nighttime crash rate is approximately 1.6 times the
daytime rate (Hasson and Lutkevich, 2002; Opiela et al, 2003).

Roadway lighting has been referred to as an effective strategy to reduce nighttime crashes.
Roadway lighting provides visibility, helps drivers obtain enough visual information to complete
the driving task, and supplements vehicle headlights when warranted (Hasson and Lutkevich,
2002). The public also sees lighting as a positive safety and security measure and often pressures
agencies to install lighting at locations that the public perceives are problematic. As a result,
agencies often face pressure to routinely install lighting on new facilities and place lighting at
problematic locations on existing facilities. At the same time, state and local agencies are facing
shrinking resources and increasing demands. Consequently, states need better information to
make decisions about when lighting is justified.

Several research efforts, including one initiated by the Minnesota Local Road Research Board
(LRRB), have suggested that rural intersection lighting reduces nighttime crashes and is a cost-
effective crash mitigation strategy. However, many Minnesota agencies do not routinely install
or maintain streetlights at rural intersections and retain no formal warrants/guidelines for
installation. The Minnesota DOT (Mn/DOT) has existing lighting warrants; however, thresholds
are so high that less than 10% of rural intersections meet the criteria.

The research presented in this report supplements the earlier findings in the April 1999 Final
Report of “Safety Impacts of Street Lighting at Isolated Rural Intersections,” completed for the
Mn/DOT by Preston and Schoenecker, hereafter referred to as the “first LRRB study.” The
results of this 12 intersection before-and-after study concluded that street lighting at rural
intersections resulted in a 25-40% reduction in nighttime crash frequency, as well as an
8-26% reduction in the nighttime crash severity. Although the results were encouraging, it was
speculated the 12 intersections studied did not offer a large enough sample size to provide results
with robust statistical significance. One of the main goals of the research presented in this report
was to increase the number of locations evaluated and confidence in the results.

1.2 Project Scope and Objectives

In order to evaluate the effectiveness of rural intersection lighting in reducing nighttime crashes,
both comparative and before-and-after statistical analyses were conducted. The comparative
study analyzed rural intersections in Minnesota that were included in the Mn/DOT intersection



attribute database. Intersections both with and without street lighting were included. The second
analysis evaluated isolated rural intersections before and after installation of street lighting. For
the purposes of this study, an isolated intersection is defined as an intersection at least one mile
from significant development or the nearest signalized intersection. Minnesota counties
participated by providing an inventory of lighted intersections within their respective counties
through a survey. Poisson and linear regression models were used to evaluate the statistical
significance of street lighting on nighttime crashes.
The objectives of the proposed research study included the following:
e Quantify the effectiveness of rural lighting in reducing nighttime crashes at isolated
rural intersections
e Further assess the short- and long-term safety impacts of lighting at isolated rural
intersections by investigating, verifying, and/or refining the recommended lighting
guidelines from the first LRRB study.

1.3 Report Overview
Major sections to this report include the following:
e Background information on other research that evaluated the effectiveness of rural
intersection lighting
e Evaluation of the existing lighting warrants for rural highways
e A comparative safety analysis of rural intersections from the Mn/DOT intersection
attribute database which compared nighttime to daytime crashes for lighted and
unlighted intersections using descriptive statistics
e A before-and-after analysis of 48 intersections was also conducted which compared
the ratio of nighttime to total crashes and night time crash rate
e Discussion of linear and Poisson regression models used to evaluate the statistical
significance of the ratio of night to total crashes and crash rate.

1.4 Technical Advisory Committee
The research was guided by coordination with the Technical Advisory Committee. Each member
contributed valuable expertise. The board consisted of:

e Mr. Roger Gustafson, (Carver County)

e Mr. Dan Warzala (Minnesota DOT)

e Mr. Loren Hill (Minnesota DOT)

e Mr. Dave Robley (Douglas County)



2. BACKGROUND

Intersections are a vital component of the roadway system; however, they are
“a planned point of conflict” that increase the likelihood for crashes (Bared and Hasson, 2003).
In 2003, intersection-related crashes accounted for approximately 28% of all fatal crashes in the
United States (U.S.) and approximately 31% of fatal crashes in Minnesota. Roughly 37% of
these intersection-related fatal crashes in Minnesota occurred at night, dusk, or dawn. Nationally,
only 25-33% of the vehicle miles traveled occur at night, but nighttime crashes account for half
of the fatal crashes. Furthermore, Minnesota experienced 70% of its fatal crashes in rural areas,
as compared to 58% nationally (FARS, 2004). These statistics infer that rural intersections at
night are at higher risk for fatal crashes than other locations in Minnesota.

The first LRRB study (Preston and Schoenecker, 1999) using a sample size of 12 intersections
found that the installation of street lighting reduced nighttime crash frequency by 25-40%. The
study also reported a reduction in crash severity from 8-26% when lighting was installed.
Revised guidelines for installing street lights were presented based on roadway volumes,
functional classification, and crash frequency. It was suggested that the existing crash-based
guideline for installing lighting (3 night crashes in 1 year) be lowered to 3 nighttime crashes in a
3 year period.

Wortman et al. (1972) reported on results of a study in Illinois that evaluated the impacts of
lighting on accidents at rural U.S. and state highway intersections. They analyzed a random
sample of illuminated and non-illuminated intersections using analysis of variance. The study
compared the ratio of night to total accidents at each intersection. The researchers felt that this
minimized the influence of variables that could not be included in the study, such as differences
in geometry, given that the ratio reflected differences only between daytime and nighttime
conditions. The effects of lighting, channelization, and different number of approach legs on the
ratio of night to total accidents was tested by evaluating different combinations of those
variables. They found that lighting could contribute significantly to the reduction of night
accidents but reported that the benefit only occurred when the nighttime accidents were at least
1/3 the number of day accidents. However, no relationship was found between severity and
lighting. The researchers report that lighting results in a 45% reduction in the night accident rate
and a 22% reduction in the night to total accident ratio (Lipinski and Wortman, 1976).

Walker and Roberts (1976) also reported reductions in nighttime accident frequency for rural at-
grade intersections in lowa after conducting an analysis before and after lighting was installed at
47 intersections. They evaluated channelization and number of approaches in their analysis.
Overall, they indicated a 49% reduction in frequency of night accidents after lighting was
installed. The average night accident rate was also reduced from 1.89 to 0.91 crashes per million
entering vehicles, a reduction of 52%. Their results were statistically significant at the 1% level.
More specifically, they found no statistical difference in before and after night accident rates
after lighting was installed for unchannelized intersections, but there was a highly significant
reduction for channelized intersections. No change in accident rate occurred for T or Y
intersections when lighting was installed, but significant reductions occurred for 4-leg
intersections. The researchers indicated that this may have been due to fewer possible conflicts
points for T and Y intersections.

More recently, Green, et al. (2003) completed a before-and-after study in Kentucky that analyzed
safety benefits associated with roadway lighting. A high percentage of the nighttime crashes had



one or more of the following characteristics: occurred on a weekend, involved one vehicle, took
place on a curve, or occurred in snow and ice conditions. As part of the research, a procedure
was developed to identify locations in Kentucky that have a high number or rate of nighttime
crashes. A significant number of the locations were identified as rural; however, urban sites were
also included. The researchers conducted analysis of 9 intersections before and after the
installation of lighting and found that nighttime crashes were reduced by 45%. Similar to the first
LRRB study, the sample size for this analysis was small and may have affected the statistical
significance and influence regression to the mean.

In a related study, reductions in nighttime crashes were reported at non-intersection and urban
areas after installation of lighting. Box (1989) evaluated the impact of lighting along a roadway
corridor in a suburban area of Chicago by performing a before-and-after analysis using two years
of before data and two years of after data. During the analysis period, daytime crashes increased,
which was likely due to increased volume, while the percentage of all nighttime crash types
decreased. At corridor intersections, property damage only (PDO) crashes were reduced from
30% to 25%, while injury/fatal accidents were reduced from 42% to 28%. The greatest
reductions were fixed object accidents at intersections.

Elvik (1995) conducted a meta-analysis of 37 published studies, reported from 1948 to 1989 in
11 different countries, which evaluated the safety effects of lighting. Analysis of the different
studies indicates roughly a 65% reduction in nighttime fatal accidents, 30% reduction in injury
accidents, and 15% reduction in PDO accidents for both intersections and roadway segments on
rural, urban, and freeway facilities when lighting was installed. The effect of installing lighting
was greater at intersections than non-intersections and similar results were found for rural, urban,
and freeway environments.

In contrast to these and other similar studies, an evaluation of destination lighting was conducted
by Carstens and Berns (1984) in Iowa. Destination lighting is intended only to guide a driver to
the intersection and may not provide sufficient lighting to increase visibility. This study found no
significant differences in crashes between lighted and unlighted intersections on secondary roads.
This research only considered destination lighting and low volume roads where the volume
ranges were not defined. It was unclear whether other studies included intersections with these
characteristics. Currently, the State of Iowa does have specific warrants for both full lighting
and destination lighting at rural intersections.

A summary of the statistical methods used in each study discussed in the previous paragraphs,
including sample size, analysis period, and study results, is presented in Table 2-1.



Table 2.1. Summary of lighting studies

Study (R)ural  Report Sample Anal.ySIS R_edu.c tion Statistical Research a Reduction
location Author (U)rban year size period in night test used value' significant
(before/after) crashes
Kentucky Green et al. R/U 2003 9 4/3 45% Not stated  Not stated Not stated
Minnesota Preston, R 1999 12 3/3 25-40% Poisson Not stated Y
Schoenecker
[llinois Box U 1987 14 2/2 21%"° t-test Not stated Y
Towa Carstens, R 1984 91 Variable? None® t-test 0.05 N
Berns
Iowa Roberts, R 1976 47 3/3 49% Analysis Not stated Y
Walker of
variance
Illinois Wortman, R 1972 b Comparative® 30% Analysis 0.10 Y
Lipinski of
variance

' This is not the p-value or level of significance

2 Number of before and after years vary from 1 to 3 in the before period and 2 to 4 in the after period

* No reduction in night crash rate

* The sample size is in data years (263 lighted intersection data years and 182 unlighted intersection data years)

* Intersections only, excludes mid-block results

® The total population of rural lighted intersections for the State of Illinois and a sample of unlighted intersections




3. WARRANTS

Warrants for installation of street lighting were discussed in detail in the first LRRB study. From
the study, it was concluded that the existing warrants limit Mn/DOT’s ability to apply a
documented safety strategy at intersections. The existing lighting warrants for all at-grade
intersections, as published in the Minnesota Traffic Engineering Manual (2004) and Minnesota
Manual of Uniform Traffic Control Devices (MN MUTCD, 2004), are presented in Appendix A
and summarized in Table 3.1.

Table 3.1. Mn/DOT lighting warrants for at-grade intersections

Lighting of at-grade intersections is warranted if either geometric conditions mentioned in
the AASHTO Guide or one or more of the following conditions exist:

Volume Traffic signal warrant volumes are satisfied for any single hour during
non-daylight conditions excluding the time period between 6:00 am and
6:00 pm

Traffic signal warrants for the following:

Minimum vehicular volume—Warrant 1, Condition A (see Figure 3-1),
Interruption of continuous traffic—Warrant 1, Condition B (see Figure
3-1), or Minimum pedestrian volume—Warrant 4

Crashes 3 or more crashes per year occurring during conditions other than
daylight

Intersecting Intersecting roadway is lighted

roadway

Channelization The intersection is channelized and the 85™ percentile approach speed
exceeds 40 mph (a continuous median is not considered channelization
for the purpose of this warrant).

School crossing  Certain events that result in pedestrian volumes > 100 pedestrians/hour
during non-daylight hours

Signalization Intersection is signalized

Flashing beacons Flashing beacons are present in advance of the intersection

Since the warrants are for both urban and rural at-grade intersections, criteria are stringent
enough that rural locations are not likely to meet the warrants in many cases. Lighting warrants
for “Minimum Vehicle Volume” (Figure 3.1) are based on traffic signal installation warrants and
are only met by 5% of the rural intersections in the 2002 Mn/DOT intersection database.
Furthermore, the volumes presented for the higher-volume minor street approach represent 30%
of the volume for both major street approaches and are met by less than 10% of the rural
intersections on the Minnesota trunk highway system. Consequently, even fewer county and
town roadways would meet these guidelines. Present crash frequency warrants require 3 or more
crashes per year occurring during non-daylight hours (excluding the time period between 6:00
am and 6:00 pm). This warrant exceeds the number of crashes at approximately 98% of the rural
intersections in the 2000-2002 Mn/DOT crash database. Rural intersections are also not likely to
meet signalization or school zone crossing warrants. As a result, it is often difficult to make the
case for lighting a rural intersection.



Condition A - Minimum Vehicle Volume

Vahiclas par hour an
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Condition B - Interruption of Continuous Traffic
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leas than 10, 000,

Figure 3.1. Minimum vehicular volume and interruption of continuous traffic warrants
(source: Minnesota MUTCD)

Preston and Schoenecker (1999) addressed this difficulty in the first LRRB study. They
developed a new range of typical rural volumes, shown in Table 3.2. These criteria were
developed by Preston and Schoenecker to more accurately address typical rural highway
volumes for both the minor and major approaches. The “high priority” category corresponds to
approximately 25% of the rural highways. Since the original report was published, two
Minnesota counties have adopted these guidelines for lighting installation.

Table 3.2. Prioritization of street light installation by functional class
Major street functional classification

Principal Minor arterial Collector Local
arterial (TH) (TH or CSAH) (CSAHorCR) (CRor TWN Rd)

Priority Major street volumes in vehicles per day

(% of major street volume that is recommended on the minor street )
Low 0-2000 0-1000 0-500 0-250

(10%) (10%) (10%) (10%)
Moderate 2,000-5,000 1,000-2,000 500-1000 250-500

(15%) (15%) (15%) (15%)
High > 5,000 >2,000 > 1,000 > 500

(20%) (20%) (20%) (20%)




In addition to addressing rural volumes, the first LRRB study recommended lowering the crash
warrant threshold to 3 or more nighttime crashes in a 3 year period rather than 3 nighttime
crashes per year in order to apply the guidelines to a more representative number of rural
intersections. This proposed crash frequency guideline would apply to approximately 8% of the
intersections in the 2000-2002 database.

Four Minnesota counties were found to have quantitative warrants. Quantifiable warrants refer to
volume and crash criteria with specified values instead of vague statements such as “history of
crashes,” “heavy volumes on side streets,” or “complex geometry.” Two counties have adopted
the guidelines suggested in the first LRRB study and guidelines for the other two counties are
listed below:

1. Intersections with all approach average daily traffic (ADT) greater than 1,000

2. State highway intersections with an ADT greater than 500 and a minor road ADT greater

than 150.

Five additional counties use the existing Mn/DOT lighting warrants presented in Table 3.1.
NCHRP 152 (1974) and AASHTO’s Informational Guide for Roadway Lighting (1984) are also
well-known and often-used publications that address warrants for the installation of street
lighting. AASHTO provides volume and crash warrants for freeways, but only provides general
guidelines for non-freeway facilities. NCHRP 152 provides a rating system for geometric,
operational, and environmental factors as well as accidents, and compares the calculated value to
a pre-established warranting condition value. NCHRP 152 is the most comprehensive resource
available for lighting warrants and includes accident rate as the second-highest weighted factor
in the rating. Several of the NCHRP 152 rating tables are included in Appendix B.

Many states have lighting warrants but do not have specific guidelines for rural intersections or
identify specific measurements (i.e. volume or crash criteria) for lighting consideration. In an
linois study, Wortman and Lipinski (1974) suggested consideration for lighting installation at
rural intersections where the night crashes are 1/3 the number of day crashes. A 2003 study by
Green et al., surveyed all states regarding their lighting warrants. Of those that responded to the
survey, 7 states have quantifiable warrants for rural intersection lighting. Illinois, lowa,
Mississippi, New York, North Dakota, and Oklahoma all use volumes and/or crash experience
over a specified time period to determine if lighting should be considered at an intersection.
Table 3.3 summarizes the rural roadway lighting warrants from this survey.



Table 3.3. State rural lighting warrants (quantitative only)
State Warrants
Hlinois > 2.4 accidents/MEV in 3 consecutive years, or
> 2.0 accidents/MEV/yr and > 4.0 accidents/yr in 3 consecutive years, or
> 3.0 accidents/MEV/yr and > 7.0 accidents/yr in 2 consecutive years
Iowa See Table 3.4
Mississippi  NCHRP 152
New York  Night to day crash rate ratio > 3.0 and total crash rate is at least 2 times
greater that the state average provided 1 nighttime crash per intersection
has occurred over a 3 year period
North US/state roads: night-to-day crash rate ratio > 2.0
Dakota Intersections: 4.0 nighttime accidents in 1 year or > 6.0 in 2 years, or
> 6.0 total accidents in < 3 years and
night-to-day crash rate ratio is > 1.5
Oklahoma  ADT > 6,000 for 2 lane highway, or
ADT > 12,000 for 4 lane roadway, or
ADT > 4,000 for rural intersection mainline, or
Night-to-day crash rate ratio > 1.5

The Iowa DOT provides detailed lighting warrants for full lighting and destination lighting in
their Traffic and Safety Manual and the lowa Administrative Code (State of Iowa, 2004).
Warrants include applications for new or reconstructed intersections and existing intersections.
The warrants are presented in Table 3.4. These warrants provide a wide range of measurements
for evaluating the need for lighting at rural intersections by considering volume, intersection
characteristics, intersection sight distance (included in the safety adjustment factor), night to day
crash rate ratio, and night crashes.



Table 3.4. lowa DOT rural intersection lighting warrants

Full lighting' Destination lighting'

New or Primary/primary Primary/primary and
reconstructed primary/minor
intersections

ADT > 3500 entering vehicles, ADT > 1750 entering vehicles,

and channelized, or and channelized, or

“T” configuration, or “T” configuration, or

Major route changes direction Major route changes direction
Existing Primary/primary Primary/primary and
intersections primary/minor

Meets criteria above, or 1Safety
Adjustment Factor (SAF)

Meets criteria above, or
Night to day crash rate ratio

Calculation > 3000 > 1.0 and minimum of 2
reportable night crashes in
5 year period

Primary/Secondary

Night to day crash rate ratio >

2.0

and minimum of 3 reportable

night crashes in 12 month period

Commercial or business
development affecting
operations

Operational problems

Roadway/Traffic Factor' > 3000

! Destination lighting is intended only to guide the driver to the intersection and full
lighting is designed to increase visibility

2See Appendix C
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4. COMPARATIVE ANALYSIS

The objective of this research was to determine the safety impacts of lighting at rural
intersections in terms of reduction in nighttime crashes and to ensure that the results were
statistically significant. As discussed both a comparative and before and after analysis were
conduced. The comparative analysis compared crashes at both lighted and unlighted existing
rural intersections in Minnesota to determine whether locations with lighting had proportionately
less nighttime crash experience.

The comparative analysis evaluated the effectiveness of rural intersection lighting on reducing
nighttime crashes. Intersection, crash, and exposure data were obtained from the Mn/DOT.
Nighttime and daytime crashes were compared for lighted and unlighted intersections. Data
collection, methodology, and results are presented in the following sections.

Data were analyzed by simple comparison of data and is presented in Section 4.2. A statistical
model was also developed to test the statistical significance between variables and is presented in
Section 4.3.

4.1 Data

4.1.1 Intersection Data

The intersection attribute dataset used for the comparative analysis was provided by the
Mn/DOT Office of Traffic, Security and Operations. This database includes all intersections with
roadways on the trunk highway system (i.e. interstates, U.S. trunk highways, and Minnesota
trunk highways). The dataset consists of several relational databases, which consists of A, B, C,

and D Card Codes. Each card has different variables that contain various attributes, as shown in
Table 4.1.

Table 4.1. Mn/DOT I/I attribute card codes

Attribute Attribute

A Card Codes C Card Codes

Route System Road Description

Route Number Lower and Upper Limits from Intersection
Reference Point D Card Codes

Intersection Type Leg Number

Intersection Description Direction from Intersection
Traffic Control Device ADT

Lighting Year

General Environment Posted Speed Limit
Specific Environment Approach Traffic Control
B Card Codes Approach Turn Lane
Verbal Description

The Mn/DOT intersection database was queried to select intersections with the attributes shown
in Table 4.2. Rural intersections with stop control on the minor approaches and either point,
partial, full lighting or no lighting were selected. Intersections were chosen that were located on
either US or Minnesota trunk highways. Four intersection categories were included. Initially, the
study intended to focus only on right angle, four-approach (“+”) intersections. However, it
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became apparent that a number of lighted intersections with three-approach configurations
existed and the impacts of street lighting on crashes at these intersections should also be
investigated. A total of 3,622 rural intersections met the criteria shown in Table 4.2 and were
used in the analysis. The minimum and maximum values for daily entering volume, posted
approach speed and crashes for the cross sectional analysis is shown in Table 4.3. Figure 4.1
illustrates the percentage of intersections by geometry.

Table 4.2. Intersection attributes

Criteria Attribute
Roadway system USTH?, MNTH’
General environment Rural
Intersection description T, Y, cross (+), cross with skew (X)
Traffic control device Through/stop
Lighting None, point, partial, full’

" point = single light;

partial = lights in two quadrants and diagonally across;

full = lights in all four quadrants;

Note: intersections with 3 lights could be included in either the partial or full category
2 US trunk highways (non-interstate)
? Minnesota trunk highways

Table 4.3. Range of variables included in cross-sectional analysis

Attribute Minimum Maximum
DEV 68 35,705
Posted Speed 15 65
Crashes 0 28
Unllghted Intersections L|ghted Intersections
Y. X Y, X

17%

22%

44%

44%

34%

Figure 4.1. Rural intersections by geometry
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4.1.2 Crash Data

Crash data were provided by Mn/DOT from the Intersection Accident Listing database. Crash
data are coded and maintained by the Minnesota Driver Vehicle Services Department. The crash
data are translated into a format suitable for transportation purposes and updated continuously.
Crash data are typically accessible within six months. The Intersection Accident Listing contains
detailed information about reported crashes as documented on the official accident report. This
report contains a reference point field for the location of the crash on the highway system that
corresponds with the intersection attribute database.

The Mn/DOT accident database was queried to find crashes during a 3-year analysis period
(2000-2002) for both the lighted and unlighted intersections that corresponded to the intersection
database. Crash data with incomplete or ambiguous time data, approximately 1% of both lighted
and unlighted crashes, were discarded.

4.1.3 Exposure Data

Volume data were allocated to nighttime and daytime periods so that both daytime and nighttime
crash rates could be calculated. Average daily traffic (ADT) was available by approach in the
intersection attribute database. Approach ADT was used to calculate daily entering volume
(DEV), which reflects the number of vehicles entering an intersection, using Equation 4.1. The
average DEV for the unlighted and lighted intersections was approximately 4,500 and 7,500,
respectively. Lighted intersections had an average DEV that was 1.7 times higher than unlighted
intersections. This difference will likely impact the interpretation of some of the crash
measurements.

DEV - (ADTy + ADTg + ADTE + ADTy )

2

4.1)

where:
DEV = Daily entering volume for an intersection
ADTy = ADT from north approach
ADTs = ADT from south approach
ADTg = ADT from east approach
ADTw = ADT from west approach

An estimate of the quantity of nighttime versus daytime average annual daily traffic (AADT) on
the Minnesota highways was also necessary to calculate crash rate by time of day. AADT by
hour was obtained from the continuous count data reported in the “2002 Mn/DOT Automatic
Traffic Recorder (ATR) Report.” AADT by time of day was determined for 6 rural county state
aid highways (CSAH) and 20 rural trunk highways. The ATR summary is presented in
Appendix D. Sunrise, sunset, and civil twilight (dusk and dawn) hours for St. Cloud, MN were
obtained from the U.S. Naval Observatory and used to determine when daytime and nighttime
hours by month occurred, as shown in Figure 4.2. St. Cloud was chosen because of its location in
central Minnesota and appropriately represents the average day and nighttime hours for the state.
AADT volumes were assigned day or night status by month and hour of the day according the
allocation in Figure 4.2.
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Figure 4.2. Allocation of daytime and nighttime hours by month for St. Cloud, MN

Source: US Naval Observatory

Daylight Hours
Nighttime Hours

The percentage of AADT that occurred by time of day was calculated by dividing the AADT that
occurred during nighttime or daytime hours by total AADT for both class of roadway types
according to Equations 4.2 and 4.3.

\ D AADThight,
[
where

% AADT pight = Percentage of AADT that occurs during nighttime hours
AADT pight, =Total AADT that occurs during nighttime hours for month i
AADT . =Total AADT for month i

AADTyay.

|

where:
% AADT ay = Percentage of AADT that occurs during daytime hours

AADT yqy. =Total AADT that occurs during daytime hours for month i
AADT. =Total AADT for month i

It was determined that an average of 23% of the AADT occurs at night and 77% of AADT
occurs during the day for both rural CSAHs and trunk highways. Twilight periods were included
in the nighttime hours because it was assumed that visibility may be affected during these hours
immediately before sunrise and after sunset, and thus are better represented in the nighttime
category. This was different than the first LRRB study, in which dusk and dawn crashes were
omitted from the study.

4.2 Summary Statistics

The comparative analysis was performed using the Mn/DOT intersection attribute database of
rural intersections, which were divided into two groups, lighted and unlighted intersections. Day
and nighttime crash histories (2000-2002) were evaluated and descriptive statistics were used to
summarize the crash experience by the following measurements:
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1. Crash frequency

2. Ratio of night to day and total crashes

3. Crashrate
Additionally, crash severity (i.e. resulting degree of injury), type of collision, number of vehicles
involved in the crashes and number of crashes by intersection geometry were also quantified.

4.2.1 Crash Frequency

A total of 6,729 crashes were reported at the 3,622 rural intersections over the 3-year analysis
period. Crashes were allocated to either the daytime or nighttime category. Nighttime and
daytime hours by month were shown in Figure 4.2 above. A total of 63% of the crashes occurred
during the daytime and 37% of the crashes occurred at night. Table 4.4 summarizes the crash
frequency data.

Table 4.4. Crash frequency by type of intersection

2000-2002 Crash data Unlighted —  Lighted Total
intersections intersections

Number of intersections 3,399 223 3,622
Day crashes 3,678 569 4,247
Night crashes 2,241 241 2,482
Total crashes 5,919 810 6,729
Day crashes/intersection/year 0.36 0.85
Night crashes/intersection/year 0.22 0.36
Total crashes/intersection/year 0.58 1.21

As shown in Table 4.4, a total of 0.58 crashes/year occur at unlighted intersections compared to
1.21 crashes/year at lighted intersections. Therefore, lighted intersections have twice as many
overall crashes and 1.6 times more nighttime crashes. Crash frequency does not consider
exposure and that lighted intersections are more likely to have higher volumes than unlighted
intersections. Additionally, locations where lighting is installed may already be high crash
locations where lighting was installed as a corrective measure. To account for these factors, a
number of studies use the ratio of night to total crashes or night to day crashes as the metric to
evaluate the impact of lighting. The ratio of both the night to total and night to day crash ratios
are less at lighted intersections. As shown in Table 4.5, the nighttime to total crash ratio is 0.38 at
unlighted intersections compared to 0.30 at lighted intersections, or 27% higher for unlighted
intersections. The ratio of night to day crashes is 0.42 at lighted intersections and 0.61 at
unlighted intersections.

Table 4.5. Crash ratios
2000—2002 Crash data _Unlighted — ~ Lighted
intersections intersections
Night/total crash ratio 0.38 0.30
Night/day crash ratio 0.61 0.42
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4.2.2 Crash Rate

Crash rate accounts for vehicle exposure and was calculated using Equation 4.4. Intersections
with no crashes during the three year analysis period had a crash rate of zero. Intersection crash
rate was calculated using the following equation with million entering vehicles (MEV) as the
measure of exposure:

(Number of Crashes )x10°
_ days
(DEV ; )x(n years)x (365 4%“)
where

Crash Rate = Crashes MEV
n = analysis time period in years
DEV; = daily entering vehicles for time period i

Crash Rate =

(4.4)

DEV is the total of all vehicles entering the intersection. Nighttime crash rates were calculated
using a DEV that reflected nighttime volumes while daytime crashes were calculated using a
DEYV that reflected daytime volumes. Crash rates are presented in Table 4.6. The nighttime crash
rates for both lighted and unlighted intersections were higher than the daytime crash rates. For
unlighted intersections, the nighttime crash rate was twice the daytime crash rate. Unlighted
intersections showed a nighttime crash rate at unlighted intersections was about 3% higher than
lighted intersections. This suggests that there was not much difference in nighttime crash rates
between lighted and unlighted intersections; however, ADT (and therefore DEV) may be
strongly correlated to lighting installation and may skew these results, as suggested in the
previous section. As discussed, locations where lighting is installed may have already been
determined to be a high crash location. Consequently, the ratio of nighttime to daytime crash rate
was also compared.

The ratio of nighttime to daytime crash rates for unlighted intersections was 2.03 compared to
1.43 for lighted intersections. This was 42% higher for unlighted intersections. The ratio of night
crash rate to total crash rate was also higher at unlighted intersections as compared to lighted
intersections (1.64 versus 1.30).

Table 4.6. Crash rate by time of day by intersection type

2000-2002 Crash data Unlighted = Lighted
intersections intersections
Day crash rate (crashes/MEV) 0.29 0.40
Night crash rate (crashes/MEV) 0.59 0.57
Ratio of night to day crash rate 2.03 1.43
Total crash rate (crashes/MEV) 0.36 0.44
Ratio of night to total crash rate 1.64 1.30

(crashes/MEV)
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4.2.3 Crash Severity

The severity of crashes for the two groups of intersections was also evaluated. Property damage,
personal injury, and fatal crashes were extracted from the data to examine the ratio of personal
injury crashes to total crashes for the intersections. Lighted and unlighted intersection crashes
reported similar percentages of crashes for each of the three categories, as shown in Table 4.7.
Personal injury and fatal crashes accounted for between 35% and 44% of all crashes, regardless
of the presence of street lighting or time of day. No significant differences were noted between
the severity of daytime and nighttime crashes at unlighted versus lighted intersections.

Table 4.7. Crash severity by type of intersection

2000-2002 Crash data Unlighted intersections Lighted intersections
Total crashes Y% Total crashes %

Night
Property damage 1,465 65% 150 62%
Personal injury’ 740 33% 88 37%
Fatal 36 2% 3 1%
Personal injury and fatal 35% 38%
crashes/total night crashes
Day
Property damage 2,055 56% 326 57%
Personal injury’ 1,547 42% 230 40%
Fatal 76 2% 13 2%

Personal injury and fatal

0 0
crashes/total day crashes 44% 43%

"Includes A — Incapacitating, B — Non-incapacity, C — Possible

4.2.4 Crash Types

Various collision types were reviewed for the intersections and are presented in
Table 4.8. The three most frequent collision types for the intersections evaluated were run off the
road, right angle, and rear end (excluding unknown, other, and not applicable). These three
collision types are also the most common crash types overall in Minnesota (State of Minnesota,
2002). Run off the road crashes occurred at night 38% and 85% more than during the day at both
unlighted and lighted intersections, respectively. The percentage of nighttime run off the road
crashes at unlighted intersections was 70% higher than at lighted intersections (22% versus
13%). The percentage of right angle crashes was higher at lighted intersections during both the
night and day by 70% and 24%, respectively. The higher crash experience for turning and
stopping vehicles at lighted intersections may be a result of higher vehicle exposure at the
intersections. Rear end crashes occur two times more often during the day than at night and the
most frequent type of collision occurring during the day is the right angle crash for both lighted
and unlighted intersections.
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Table 4.8. Most frequent collision types

2000 — 2002 Crash data Unlighted intersections  Lighted intersections

Total crashes % Total crashes %

Night

Run off the road 500 22% 31 13%
Right angle 436 19% 76 32%
Rear end 198 9% 28 12%
Day

Run off the road 586 16% 39 7%
Right angle 1,223 33% 235 41%
Rear end 718 20% 112 20%

Multiple and single vehicle crashes were also compared, as shown in Table 4.9. Single vehicle
crashes were more common at night compared to the day. They occurred 50% more at night and
2 times more during the day for unlighted intersections compared to lighted intersections. The
single vehicle crash rates during nighttime hours were also higher for unlighted intersections at
0.37 crashes/MEV. The data shows that the crash rate for multiple vehicle crashes during the day
was 3 times higher than single vehicle crashes for unlighted intersections and over 7 times higher
at lighted intersections.

Table 4.9. Single and multiple vehicle crashes

2000-2002 Crash data Unlighted intersections Lighted intersections
Total % Crash Total % Crash

crashes rate crashes rate

Night

Single vehicle 1,400 62% 0.37 100 41% 0.24

Multiple vehicle 841 38% 0.22 141 59% 0.33

Day

Single vehicle 944 26% 0.07 73 13% 0.05

Multiple vehicle 2,734 74% 0.21 496 87% 0.35

4.2.5 Effect of Intersection Geometry

Table 4.10 shows the breakdown of crashes and crash rate (per MEV) by intersection geometry.
Approximately 60% of all crashes occurred at four-approach intersections. Intersections that
cross at right angles (+) have 10% more crashes at unlighted intersections than lighted
intersections and crashes at T intersections occur 8% more at night than during the day.
Figure 4.3 shows the average DEV by intersection type. T and + lighted intersections
have 1.6 and 2.1 times more DEV than their unlighted counterparts, respectively. When
comparing all intersection geometries, it was found that right-angle, four-approach, unlighted
intersections have the highest crash rate during the daytime and nighttime. Skewed four-
approach intersections had the highest crash rate for lighted intersections.
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Table 4.10. Crashes by intersection geometry

2000-2002 Unlighted intersections Lighted intersections
Crash data
Intersection Total % Crash Total % Crash
type crashes rate crashes rate
Night
"T" 893 40% 0.52 100 41% 0.51
" 914 41% 0.67 72 30% 0.49
"Y" 161 7% 0.62 7 3% 0.42
"X" 273 12% 0.57 62 26% 0.96
Day
"T" 1,186 32% 0.21 186 33% 0.28
" 1,753 48% 0.38 208 36% 0.42
"Y" 218 6% 0.25 18 3% 0.33
"X" 521 14% 0.32 157 28% 0.73

Regardless of geometry, the ratio of night to total crashes and the ratio of night to day crashes
were higher for unlighted intersections. These results are presented in Table 4.11. The night to
total crash ratios are at least 17% higher for unlighted intersections than lighted intersections.
Four-approach unlighted intersections have a lower ratio of night to total crashes than three-
approach intersections. This suggests that three-legged intersections have a higher crash
experience and may be the reason almost half of the lighted intersections have three-approaches.
Lighted T intersections have between 25% and 35% higher night to total crash ratios than the

other three intersection configurations.
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Figure 4.3. Average DEV by intersection geometry
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Table 4.11. Crash ratios by intersection geometry

2000-2002 Unlighted intersections  Lighted intersections

Crash data

Ratio of night to total crashes

"T" 0.43 0.35
"4 0.34 0.26
"Y" 0.42 0.28
"X" 0.34 0.28
Ratio of night to day crashes

"T" 0.75 0.54
"4 0.52 0.35
"Y" 0.74 0.39
"X" 0.52 0.39

4.3 Statistical Analysis

A linear regression model was used to model the ratio of night to total crashes and a Poisson
regression model was used to model the night crash rate. A detailed description of the statistical
models and their appropriateness in crash modeling is provided in Appendix E. SAS 9.1, a
statistical software package, was used to run the statistical analyses.

The linear regression model was used to compare the means for the ratio of night to total crashes
and the Poisson regression model was used to compare the mean crash rates. Both statistical
models used a 10% level of significance for the analysis. This implies that there was a 90%
probability that the differences found in the means were actual differences and there was only a
10% probability that the differences were arbitrary.

4.3.1 Variables

The response variables were crash rate and ratio of night to total crashes for the Poisson
regression and the linear regression, respectively. The explanatory variables used to compare the
lighted and unlighted intersections include lighting, DEV, number of approach legs, and posted
speed limit. Table 4.12 shows these variables and values for the models. Except for DEV, all
variables are dummy variables, meaning there are only two possible answers (0 or 1).
A “1” indicates the condition existed (i.e. lighted) and a “0” indicates that the condition did not
exist.
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Table 4.12. Comparative model parameters tested

Variables Definition Values
Predicted
Response Ratio of night to total
variables Crashes (linear)
Crash rate (Poisson) Predicted
Explanatory Lighting O—unlighted
variables 1-lighted
Daily entering volume Value
Number of approach legs 0—Four
1-Three
Posted speed limit' 0 - =55 mph
1 - <55 mph

" The speed limit parameter for = 55 mph implies that all legs are posted at
55 mph and < 55 mph implies that at least one leg has a posted speed limit of less
than 55mph.

4.3.2 Linear Regression Model

A linear regression model compared the means for the ratio of night to total crashes. All of the
explanatory variables were considered in the linear model. The best fit model showed that
lighting, daily entering volume, and number of approach legs were statistically significant at the
10% significance level. However, posted speed limit was not significant. The level of
significance is presented in Table 4.13. The expected night to total crash ratio was 7% higher at
unlighted intersections than at lighted intersections, when all other variables were constant. Four-
approach intersections have a 4% lower night to total crash ratio than three-approach
intersections. This implies that three-legged intersections have a higher percentage of night
crashes than four-legged intersections at the 10% significance level, when all other variables are
equal. The SAS output for the best fit model is presented in Appendix F.

Table 4.13. Statistical significance of explanatory variables

Explanatory variables Level of significance
(p-value)
Lighting 0.005
DEYV (night) <0.001
Number of approach legs 0.002

4.3.3 Poisson Regression Model

A Poisson regression model was used to compare the mean crash rates at lighted and unlighted
intersections to determine statistical significance. In order to compare mean crash rates at lighted
intersections with unlighted intersections during day or night or in total, the model must consider
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lighting, day or night and their interactions. The interaction between two variables shows the
effect of one variable on the other variable. Therefore four combinations needed to be considered
(lighted-day, lighted-night, unlighted-day, unlighted-night) in the model. The best fit model
includes presence of lighting; day or night condition; the interaction between lighting and the day
or night condition; approach speed; and number of approach legs. The presence of lighting was
the only variable that was not statistically significant at the 10% level. This was not unexpected
because the mean night crash rates were very similar (0.59/MEV and 0.57MEV). Table 4.14
summarizes the level of significance for each variable in the model. Consequently, the Poisson
regression model suggests that night crash rates at unlighted intersections was 6% lower than
lighted intersections and not significant, when posted speed and number of approach legs are
constant. Intersections with all posted approach speeds equal to 55 mph have crash rates 28%
higher than approaches with at least one leg less than 55 mph. Lastly, intersections with four-
approaches have crash rates 51% higher than three-approach intersections. The SAS output for
the best fit model in presented in Appendix G.

Table 4.14. Statistical significance of explanatory variables for crash
rate in the comparative model

Explanatory variables Level of significance
(p-value)
Day/night <0.0001
Lighting 0.4893
Interaction of day/night and <0.0001
lighting
Approach speed <0.0001
Number of approach legs <0.0001

As shown in Table 4.15, the results are consistent to the descriptive statistics in Table 4.6. The
crash rate is 41% lower during the day than during night and 22% lower for unlighted sites than
lighted sites for the comparative analysis and both are significant. Looking at individual
intersections, day crash rate is 51% lower than night crash rate at unlighted sites and 29% lower
than night crash rate at lighted sites.

The day crash rate at unlighted sites is 35% lower than lighted sites and is statistically
significant, while the night crash rate at unlighted intersections is 6% lower than at lighted
intersection. During the day, while lights have no effect on crash rates, unlighted intersections
still have 35% lower crash rates compared to lighted intersections. This 6% estimation of
difference is not statistically significant, because the p-value of this difference is larger than
10%. The total crash crate was significant with unlighted intersections having a 39% lower crash
rate.
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Table 4.15. Comparison of mean crash rates in the comparative model

Difference in mean crash rates in Estimate of the difference Level of significance
percentage in percentage (%) (p-value)
Day vs. Night -41% <0.0001
Unlighted vs. Lighted -22% 0.0009
(Day vs. Night) at Unlighted -51% <0.0001
(Day vs. Night) at Lighted -29% <0.0001
(Unlighted vs. Lighted) at Day -35% <0.0001
(day crash rate)
(Unlighted vs. Lighted) at Night -6% 0.4893
(night crash rate)
(Unlighted vs. Lighted) Day and Night -39% 0.0009

(total crash rate)

4.4 Summary of Comparative Analysis

The comparative analysis evaluated 3,622 rural intersections on the Minnesota trunk highway
system, which included 3,399 unlighted intersections and 223 lighted intersections. Using ATR
data from rural highways and allocation of daytime and nighttime hours, it was determined that
approximately 23% of the vehicle miles traveled occur at night. 6,729 crashes were reported at
these intersections with 37% occurring during hours of darkness.

Unlighted intersections average about 0.6 crashes per year and 0.2 nighttime crashes per year
overall, which was about 40% to 50% less than the average crash per lighted intersection. While
lighted intersections experience more crashes per intersection than unlighted intersections, the
average DEV at lighted intersections was almost 70% higher. This may suggest that lighted
intersections experience more crashes than unlighted intersection because street lighting is being
installed as a safety device at high crash intersections with higher volumes.

The assessment of night to total crash ratio for lighted and unlighted intersections shows that the
presence of lighting reduces nighttime crashes. Unlighted intersections were reported to have a
night to total crash ratio of 0.38 which was 27% higher than lighted intersections. The nighttime
crash rate for lighted intersections was 0.57/MEV which was only 3% lower than unlighted
intersections and may not be a good measurement because the higher volumes may be highly
correlated to the presence of lighting. Unlighted intersections have a nighttime crash rate 2 times
the daytime crash rate compared to 1.4 times higher at lighted intersections. Although a large
difference in night crash rates was not evident between the lighted and unlighted intersections,
the difference between day and night crash rates was substantial.

A linear regression model compared the means for the ratio of night to total crashes. The best fit
model showed that lighting, DEV, and number of approach legs were statistically significant at
the 10% significance level. The expected night to total crash ratio was 7% higher at unlighted
intersections than at lighted intersections holding all other variables constant. Four-approach
intersections have a 4% lower night to total crash ratio than three-approach intersections.
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A Poisson regression model was used to model night crash rate. When the night crash rate was
modeled with the variables lighting, day or night, posted speed, and number of approach legs, all
variables except lighting were statistically significant. The expected night crash rate at unlighted
intersections was 6% lower than lighted intersections. Intersections with all posted approach
speeds equal to 55 mph have crash rates 28% higher than approaches with at least one leg less
than 55 mph and intersections with four-approaches have crash rates 51% higher than three-
approach intersections. This implies that lighting may be more beneficial at intersections with
55 mph posted approach speeds and at four-approach intersections.

For this model, the unlighted intersections cannot be treated well as a control group for the
lighted intersections (treated group). Two hypothesized reasons for this conclusion are the
differences in the number of intersections analyzed and the average DEV between the two
groups. First, it is suspected that the difference in the number of lighted (223) vs. unlighted
(3,399) intersections in the database may have skewed the model and results. Second, the
average DEV for the lighted intersections is approximately 40% higher than the average DEV at
the unlighted intersections.

It is difficult to deduce robust conclusions from the statistical comparative analysis, as the results
are not overwhelmingly conclusive. The night to total crash ratio was higher at lighted
intersections and statistically significant, while the night crash rate at unlighted intersections was
not statistically significant despite a 6% lower crash rate at lighted intersections.

Due to the difference in the number of the intersections and average DEV between the lighted
and unlighted intersections in the dataset, the confidence in the comparative analysis results are
low and another statistical analysis may provide more robust results. Another method of
analyzing the effect of lighting at intersections is to collect data at the same intersections for
years both before and after lighting has been installed. In this case, crash rates in before and after
periods would be comparable because they are collected from same intersections, and hence
intersections in before period can be a good control group for intersections in after period.
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5. BEFORE-AND-AFTER ANALYSIS

A before-and-after study was conducted in addition to the comparative analysis described in the
previous section. The comparative analysis evaluated nighttime and daytime crashes at lighted
and unlighted rural intersections statewide using the Mn/DOT intersection attribute database of
rural intersections. The results provided an overall general trend in the crash data for the state.
On a more detailed level, the before-and-after study looked at individual isolated rural
intersections to compare the nighttime crash history before and after installation of roadway
lighting. A survey of counties provided locations for many of the intersections while the
remainder of the data came from site visits and the intersection and crash databases. The data
collection, methodology, and results for the before-and-after study are presented in the following
sections.

Data were analyzed by simple comparison of data, presented in Section 5.5. A statistical model
was also developed to test the statistical significance between variables and is presented in
Section 5.6.

5.1 Survey

A list of lighted intersections for the before-and-after study was solicited from all 87 Minnesota
county engineers through an electronic survey in January 2004. A copy of the survey is provided
in Appendix H. County engineers were asked to complete the survey by listing the number of
lighted isolated rural intersections maintained within their county and provide details about each
of these intersections, as well as other attributes which included:

e Number of lights

e Type of stop control

e Posted Speed limit

e Type of facility

e Lighting installation dates (before or after 1990)

e Other significant improvements made at the intersection
e Pavement structure

e Presence of turn lanes

e Configuration (T, Y, X, +)

The survey also requested information regarding the source of funding, warrants, number of
lights per intersection, type of luminaries and wattage, and typical cost for installation.
Responses are provided in Appendix L.

Of the counties surveyed, 35 (40%) returned the surveys via mail or email. Counties that did not
respond by the survey deadline were called for a phone interview, which raised the total number
of participating counties to 66 counties (76%). In some cases, counties responded, but did not
have lighted intersections to report. The survey resulted in identifying an estimated 80 lighted
intersections that were considered for the before-and-after study. An inventory of the counties
and the number of lighted intersections is included in Appendix J.

25



5.2 Initial Study Locations

Site visits were made to the majority of the 80 intersections and additional characteristics were
recorded, including adjacent land use, proximity to horizontal and vertical curves, type of light
poles and advanced warning devices. The site visits were conducted from March to June 2004.
Several other lighted intersections were identified during the site visits and were added to the list
of initial locations. Intersections that were not visited in the field were viewed using 1992 aerial
photography in ArcView and details were extracted from the Intersection Accident Listing or
discussed in more detail with the county engineer if selected for consideration. A list of initial
intersection locations is provided in Appendix K. The survey and additional locations identified
during the site visits resulted in a total of 90 intersections located in 25 counties throughout
Minnesota that could potentially be used for the before-and-after analysis.

5.3 Selection of Final Study Intersections
Originally, the study team and advisory committee decided that intersections that were as similar
as possible should be selected for the before-and-after study. One of the preliminary criteria was
to include only intersections with four approaches at right angles (+). However, after reviewing
the initial list of 90 possible intersections, it became evident that three-approach intersections (T
or Y) made up a large percentage of the lighted intersections. Consequently, it was determined
that the study should be representative of the common types of intersections that were lighted in
Minnesota, and both three and four-approach intersections were included. The 90 intersections
were evaluated and intersections with significant differences, which would possibly skew the
study, were removed from the list for the before-and-after analysis. Intersections determined to
be atypical were removed if any of the following conditions existed:

e Flashing warning lights

e Qas station or other land uses in the immediate vicinity of the intersection that would
attract vehicle trips
Intersection not included in the attribute files
Severe skew angle
Railroad crossing within 20 feet of intersection
Street light not installed at time of field visit

Using these criteria, the number of intersections was narrowed down to 65 intersections in
22 counties. These intersections were determined to be quality candidates for the
before-and-after study. At this point, all of the counties were contacted again to clarify any
information that may have been omitted from the original survey and establish the installation
dates of the street lighting at each intersection. The knowledge of the installation dates varied
widely from county to county. In several cases, the study team had to contact the townships and
local utility companies to obtain this information. From this correspondence, 16 more
intersections were eliminated for the following reasons:

e Located on a new alignment
Installation dates could not be determined
Lighting was installed prior to 1985, when reliable crash data were not available
Other significant improvements to the intersection had been made in addition to lighting

The final list was reduced to 48 intersections in 17 counties and was comprised of lighted
intersections that have installation dates ranging from 1985 to 2003. A map of the counties
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included in the study is shown in Figure 5.1. Over half of the lighting installation dates recorded
included the month and year, which provided for a more accurate method of excluding crash data
in the period immediately after the installation. This process will be discussed in more detail in
Section 5.4.2.1. Table 5.1 shows the breakdown of the intersections by installation date. A
majority of the lights were installed between 1990 and 1994 and more recently, in 2003.

Table 5.1. Number of intersections by year of
street light installation

Year Number
2003 10
2002 2
2001 2
2000 2
1995-1999 7
1990-1994 19
1986-1989 3
1985 3
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Figure 5.1. Counties with intersections included in before-and-after study
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5.4 Data

5.4.1 Intersection Attributes

The intersection attribute database for the county highway system is not as comprehensive as the
state highway intersection database that was used in the comparative analysis. Therefore,
attribute data for the before-and-after study was obtained from four sources; county surveys, site
visits, the Mn/DOT Intersection Attribute File, and a county intersection attribute file obtained
from Mn/DOT specifically for the counties included in this study.

The final 48 intersections have major routes that are split fairly even between the county and
state highway system. A total of 26 intersections have the county highway system as the major
route and 22 have the state trunk highway system as the major route. Approximately 46% of the
intersections had 3 approaches, either a T or Y configuration. Table 5.2 summarizes the
intersections described above and a detailed list of the final intersections, including images of
some locations, is provided in Appendix L. The minimum and maximum values for daily
entering volume, posted approach speed, and crashes for the intersections in the before-and-after
analysis are shown in Table 5.3.

Table 5.2. Summary of final intersections by approach legs

Intersection Number Site County State
visit intersections intersections
4 legs 26 25 16 10
3 legs 22 18 10 12
Total 48 43 26 22

Table 5.3. Range of variables included in before-and-after analysis

Attribute Minimum Maximum
DEV 846 13,900
Posted Speed 30 55
Crashes 0 18

5.4.2 Crash Data

The Minnesota crash database has comprehensive records for both state and county intersections
dating back to the early 1980s. An inventory of crashes from 1984 to 2005 was obtained from the
Mn/DOT for each of the 48 intersections. Mn/DOT reported that crash data prior to 1984 was not
reliable and as a result data prior to 1984 was not included. The crash inventory was queried to
include only those crashes that occurred within 300 feet of the intersection, which were assumed
to be intersection related for this analysis.

5.4.3 Analysis Periods

For the majority of intersections, a three year before and three year after period was used. As
discussed previously, data prior to 1984 were not included. As a result three intersections had
only two years of before data. Twelve intersections were installed more recently and as a result,
only two years of after data were available. Since the before and after analysis periods were not
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always consistent, the analysis equations were weighted. An adjustment period was also allowed
for the first year after installation and therefore it was not included in the analysis. The year
omitted may differ from the installation year depending on the month the lighting was installed.
For example, if a light was installed in December of 2000, the year omitted from the study would
be 2001.

Table 5.4 shows the number of intersections that were analyzed and Table 5.5 shows the number
of intersections by installation year and analysis installation year. The analysis installation year
is the year excluded from the study.

Table 5.4. Intersections for before-and-
after by analysis year

Analysis Intersections
3 years before/3 years after 33
3 years before/2 years after 12
2 years before/3 years after 3

Table 5.5. Street light installation years for analysis

Year of Number  Analysis year of Number

installation installation

2003 11 2003 11

2002 2 2002 3

2001 2 2001 0

2000 2 2000 3
1995-1999 7 1995-1999 9
1990-1994 19 1990-1994 16
1986—-1989 3 1987-1989 3

1985 3 1986 3

5.4.3 Historic AADT Counts

The Mn/DOT updates traffic volumes for state roadways on a two year cycle and county roads
on a four year cycle. An inventory of historic counts is maintained by the Mn/DOT Office of
State Aid. Historic ADT counts for the final list of intersections were obtained from the Mn/DOT
Office of State Aid for the appropriate before-and-after analysis periods. In most cases, four
traffic counts over a 16-year period were documented. Not all roads have recorded ADTs.
Typically, these represent low volume county and local roadways where the volumes are low and
are likely not fluctuating significantly. Volume estimates for the low volume road approaches
were assigned values of 100 to 200 ADT unless field observations suggested otherwise.

In order to estimate traffic volume in the analysis year, historic ADT volumes were plotted to
create a trend line and the analysis year ADT was interpolated from the trend line and a growth
factor was applied for the before and after periods. The method used to interpolate ADT is
provided in Appendix N. Once all approaches were assigned an average volume for the before
and after periods, the DEV was calculated using the Equation 4.1, which was described in
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Section 4. Nighttime DEV was also determined for each intersection using the same method
described in Section 4.1.3 to calculate nighttime ADT and subsequently nighttime DEV for the
comparative analysis.

Table 5.6 summarizes the vehicle exposure for the final intersections. The average intersection
vehicle exposure increased for both county and state roadways between the before-and-after
periods by approximately 2—-3% per year. The increase between periods was 23% for the county
intersections, 9% the state intersections, and 15% for all intersections. Hereafter, “all
intersections” refers to both county and state intersections combined. One county intersection
had an increase in volume of almost 60% between the before and after period which increased
the total county intersection volume by 8%. Furthermore, three-approach intersections have an
average of 10% less DEV than four-approach intersections. The average DEVs are
approximately 3,700 and 4,100 for three-approach and four-approach intersections, respectively.

Table 5.6. Average exposure data (DEV)

Before-and-after County State All
crash data intersections intersections intersections
Number of intersections 26 22 48
Before After Before After Before After
Day exposure 65,490 80,890 69,446 76,946 134936 157,836
Night exposure 19,562 24,162 20,744 22,983 40,306 47,146
Total exposure 85,053 105,052 90,189 99,929 175,242 204,981
Day exposure/intersection 2,518 3,111 3,157 3,498 2,811 3,288
Night exposure/intersection 752 929 943 1,045 840 982
Total exposure/intersection 3,271 4,040 4,100 4,542 3,651 4,270

5.5 Descriptive Statistics
Descriptive statistics were used to summarize the crashes in the before and after periods for the
study intersections. Similar to the comparative analysis, the following measurements were used
to evaluate both nighttime and daytime crashes before and after the installation of street lighting:
1. Crash frequency
2. Ratio of night to day and total crashes
3. Crash rate
Other measures of effectiveness include crash severity, crash types (i.e. collision type and
number of vehicles), and type of intersection configuration.

5.5.1 Crash Frequency

Both the county and state highway intersections showed a decrease in the total number of night
crashes after street lighting was installed. Figure 5.2 and Table 5.7 show a summary of the crash
frequency by roadway and time of day. Reductions in night crash frequency for the county and
state intersections were 15% and 11%, respectively, with an overall decrease of 13%. The
reduction in crashes was lower than the first LRRB study that concluded a 25-40% reduction for
12 rural intersections; however, the sample size for this study was almost 3 times larger.

31



Table 5.7. Crash frequency by roadway type

Before-and-after crash data .County . .State . {&“ .
intersections intersections intersections
Number of intersections 26 22 48
Before After Before After Before After
Day crashes 32 43 19 25 51 68
Night crashes 20 17 27 24 47 41
Total crashes 52 60 46 49 98 109
% Day crashes 62% 72% 41% 51% 52% 62%
Day crashes/intersection/year 42 .67 .29 .39 .36 .54
Night crashes/intersection/year 27 28 41 42 33 34
Total crashes/intersection/year .69 .94 .70 .80 .69 .88

"It should be noted that two county intersection accounted for18 daytime crashes in the after period, an increase
of 16 crashes from the before period.

During the same period, the number of daytime crashes increased by 11%. If an assumption was
made that the number of nighttime crashes increased at the same rate as daytime crashes, without
the installation of lighting, the expected number of nighttime crashes was calculated using
Equation 5.1.

. Day Crashes 4fter )
Expected Night Crashes gfter = Day Crashes per X Night Crashes pefore (5-1)
efore

where:
Expected Night