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ABSTRACT

In urban or suburban areas with a large number of access points, four-lane undivided
highways are prone to crashes due to left-turning and through movements in a single lane.
Many studies recommended expensive countermeasures like conversion from undivided
to divided road with physical separation. One inexpensive alternative is reconfiguring the
existing roadways by either increasing or decreasing the number of lanes. This study
investigated the safety impact of converting four lane undivided roadways (4U) to five lane
undivided roadways (5T) with a two way left turn lane (TWLTL). This study used Empirical
Bayes method to determine the safety impact of this inexpensive countermeasure. In this
study, data from eight sites from Louisiana were collected for investigation, and site-
specific crash modification factor (CMF) values were calculated. Although 5T is usually not
preferable due to its exposure of higher number of crashes in the existing literature, the
findings of the current study indicated a positive safety impact. The benefit-cost ratio of
this conversion ranges from 97 to 379. The current findings indicate that conversion of 4U
to 5T is a feasible inexpensive solution for urban roadways with lower volume and a
limited number of driveways.
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1. Introduction

Four-lane undivided highways in the urban and suburban
area become more crash prone with the increase of traffic
volume and turning movements. Since the inside lane is used
by both high speed through traffic and slow speed left turning
traffic, rear-end crashes occur as a result of speed differentials
or, in some cases, stopped cars in the active travel lane. Due to
increases in roadside development in urban and suburban
areas, it is a challenge for transportation engineers and safety
specialists to improve the safety of four lane undivided high-
ways. In Louisiana, there are 1530 miles of undivided multi-
lane roadways and most of them are four lane highways on
the state Department of Transportation and Development
System (LADOTD). 93% of these roadways are in urban and
suburban areas. A total 8498 crashes occurred on urban four
lane undivided highways in 2014, where 40% of the crashes
are rear-ended crashes. A study on this particular safety
problem is thus called for. One of important task of safety
analysis is to identify appropriate treatment or countermea-
sure for risk mitigation and safety improvement.

The desirable option to improve safety performance is
installing physical separation either by a barrier or by green
space (Boulevard). The key constraint to the countermeasure
is that it requires significant resources. Converting four lane
undivided urban highway to a five lane highway with a two
way left turn lane (TWLTL) by restriping is one inexpensive
solution to the problem. Narrowing lane width to accommo-
date a TWLTL separates turning vehicles from through vehi-
cles without reducing the capacity, provided that there is
sufficient width. However, this lane conversion is not a very
popular solution. Louisiana has policies that discourage the
five lane highway design with TWLTL in the construction of
new roads.

The aim of this study is to investigate the safety impact of
converting four lane undivided roadways (4U) to five lane
undivided roadways (5T) with a TWLTL using Empirical Bayes
method.

2. Literature review

There are very few studies on the safety benefits of this
particular type of lane conversion. The AASHTO Highway
Safety Manual (AASHTO, 2010) documented several crash
modification factors (CMF) but did not provide any crash
modification factor (CMF) to evaluate the effectiveness of
this reconfiguration to any type of roadways. The TRB access
management manual (TRB, 2014) and NCHRP report 420
(Gluck et al., 1999) included access management issues like
TWLTL thresholds. A national cooperative highway research
program (NCHRP) report stated that conversion from a four
lane undivided cross section to a five lane TWLTL cross
section with narrower lanes reduced crash rates, on the
average, by 45% (Harwood, 1990). This study was further
reinforced by a collision study which reported at least 50%
less rear-end crash proportion in five lane TWLTL than rear-
end crash proportion in four-lane undivided highway
(McCormick and Wilson, 1983). In recent years, Sun et al.

(2013) used evaluated effectiveness of 4U to 5T conversions
in Louisiana. The findings showed that the CMFs for both
roadways are estimated to be less than 0.50 with a standard
deviation less than 0.07. Another study in Louisiana
estimated CMF (Sun and Das, 2013a, b) for converting a four
lane undivided highway to a five lane highway to be 0.60,
which indicates a 40% crash reduction due to this
countermeasure implementation. This study used only four
sites to perform the analysis, which requires additional
research with more sites.

Since there is limited literature regarding this conversion,
the comparison between four lane undivided highway and
five lane highway with TWLTL under the same condition is
another approach to explore its safety benefits. The Minnesota
Statewide Urban Design and Specifications (IOWADOT, 2010)
lists the crash rate of 6.75 for four lane undivided roadway
and 4.01 for five lane with center turn lane. The results were
based on a Minnesota study estimated the statewide crash
rate of urban four lane undivided highway with no left turn
lane as 5.3 per million vehicle miles traveled and urban four
lane undivided highway with TWLTL as 4.6 per million
vehicle miles traveled (Preston et al., 1998).

A comparison was made between four lane undivided
roadway and five lane with TWLTL roadway to see the design
alternatives in Oklahoma in 2007. It was found that five lane
with TWLTL roadway is more advantageous in reducing rear-
end and head-on crashes compared to four lane undivided
roadway. This comparison was used to evaluate US 81 for
improvement along with an approximate 30-mile segment
(ODOT, 2007), although safety benefit was not one of the key
criteria.

In recent years, there were many studies on conversion of
urban four lane to three lane roadway with a TWLTL in the
center (Huang et al., 2002; Knapp et al., 2014; Pawlovich et al.,
2006; USDOT, 2010, 2016). This conversion is also known as
“road diet”. This conversion has a proven safety record with
some limitations. According to Federal Highway Administra-
tion (FHWA). this conversion is suitable for annual average
daily traffic (AADT) less than 20,000 (USDOT, 2010). Some
studies reported, an increase in rear-end crashes due to
speed differential in through traffic and right turn traffic,
increased delay and increased travel time. In the city of
Grand Rapids, Michigan, it has been reported that, after road
diet, rear-end crashes nearly tripled after installation with
longer travel times (average increase of 19-52 s through
corridor) and additional delay (USDOT, 2016). All these
limitations can apparently be overcome by four lane to five
lane with TWLTL conversion, since it utilizes the road width
to accommodate left turn lane, through lane, and right turn
lane.

3. Selected sites

The ST (five lane roadways with a TWLTL) roadways are
considered as a common multilane design alternative for
urban and suburban arterial roadways with a limited number
of driveways. It has two through lanes in each direction and a
center lane (usually less wide than the travel lanes) dedicated
for left turn maneuvers for the access to driveways and minor
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intersections. Using a TWLTL encourages more business op-
portunities in the urban areas (Das, 2015). The research team
selected eight sites from Louisiana to perform this analysis.
Table 1 lists general site information of the selected sites.

One key issue in this current countermeasure is the
reduction of the lane widths. The average reduction of the
lane widths is around 2 ft. Four of the studied sites have lane
width over 10 ft. in the 5T conversion. The other sites have
approximately 9 ft. width. Fig. 1 illustrates the roadway
sections of the sites (the distances are not measured by
scales).

Table 2 lists the AADT and observed crashes in the before
and after years for the sites. The traffic volume ranges from
6833 to 27,467 (mean is 19,148 and standard deviation is
5800) in the before years. The after year traffic volumes
range from 7900 to 27,000 (mean is 19,760 and standard
deviation is 5765). Site 3 shows maximum volume increase
(around 15%), and site 2 shows highest crash reduction
(around 60%). Majority of the roadways have AADT value
more than 14,000 vpd (except site 3).

Fig. 2 shows the locations of the implementation sites for
4U to ST conversion. All of sites are located at the south
west region of Louisiana.

4. Observational before-after study

Observational before-after study is the common approach in
determining the effectiveness of roadway countermeasures.
There are several before-after observational studies in prac-
tice. In designing before-after studies, two key issues are
needed to be considered. First, determination of sample size
depends on the magnitude of the treatment effect and the
precision of the estimate. Precision of the estimate usually

Table 1 — Site information.

Site Roadway Parish District Length (mile)
1 LA 14 Lafourche 2 0.25
2 LA 14 Lafourche 2 0.42
3 LA 14 Vermilion 3 0.47
4 LA 14 Bypass  Vermilion 3 0.67
5 LA 3025 Lafayette 3 1.23
6 LA 182 St. Landry 3 0.15
7 LA 28 Rapides 8 0.40
8 LA 1138 Calcasieu 7 0.79
ﬁ
L
e “
.

Four lane undivided (4U)
before period

Five lane undivided (5T)
with TWLTL
after period

Fig. 1 — Schematic roadway sections (Das, 2015).

increase with a larger sample size. It is important to note that
getting a larger number of sample sites is not always feasible.
Second, the changes of crashes at treated sites in the after
years are not necessarily independently dependent on coun-
termeasure. It may happen due to other factors, for example,
traffic volume changes or regression-to-the-mean. The com-
mon approaches are: 1) naive before after study, 2) improved
prediction method, 3) comparison group method, 4) empirical
Bayes method, 5) full Bayes method, and 6) difference-in-dif-
ference (DID) method. Fig. 3 shows the concepts behind
before-after observational studies.

4.1. Empirical Bayes (EB) method

Robinson (2017) explained in his new book empirical Bayes
(EB) offers “shortcuts” that allow easy computation at scale.
Full Bayesian methods that use Markov Chain Monte Carlo
(MCMC) are useful when performance is less important than
accuracy, such as analyzing a scientific study. However,
production systems often need to perform estimation in a
fraction of a second, and run them thousands or millions of
times each day. Empirical Bayesian methods, such as the
ones we discuss in this book, can make this process easy.”
Bayesian analysis depends on a prior distribution for the
model parameters. This prior, either parametric or non-
parametric in nature, depends on unknown parameters.
This sequence of parameters and priors develops the
framework of a hierarchical model. The ultimate goal is the
stopping point of the hierarchy with all remaining prior
parameters assumed known (Carlin and Louis, 1996). The EB
method uses the observed data to estimate these final stage
parameters and then proceeds as though the prior are
known, which makes the computation easy to interpret.

The objective of the empirical Bayes (EB) methodology is to
estimate the number of crashes that would have occurred at
an individual treated site in the after years had a treatment
not been implemented. This method accounts for the effect of
regression-to-the-mean, changes in traffic volume and other
potential changes in the roadway features during the before
and after time periods (Sun et al., 2014). In accounting for
regression-to-the-mean, the number of crashes expected in
the before period without the treatment (Npredictedtn) 1S a
weighted average of information from two sources:

e The number of crashes observed in the before period at the
treated sites (Nobserved,tb)-

e The number of crashes predicted at the treated sites based
on reference sites with similar traffic and physical char-
acteristics (Npredicted,tb)-

To estimate the weights and the number of crashes ex-
pected on sites with similar traffic and physical characteris-
tics, safety performance function (SPF) for urban roadways
was used. An SPF is a statistical model that predicts the mean
crash frequency for similar locations with the same charac-
teristics. These characteristics typically include traffic volume
and may include other variables such as traffic control and
significant geometric characteristics. This SPF is used to
derive the second source of information for the empirical
Bayes estimation which is the number of crashes predicted at
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Table 2 — AADT and observed crashes in before and after years.

Site Before period After period
Years AADT (vpd) Total crashes Years AADT (vpd) Total crashes

1 2004—2006 19,867 21 2008—-2010 19,767 9

2 2004—2006 19,867 118 2008—-2010 19,767 47

3 2008—2010 6833 39 2012—-2014 7900 20

4 2008—-2010 19,200 126 2012—-2014 21,000 114

5 2000—2002 23,888 358 2004—2006 26,580 148

6 2004—2006 21,367 65 2008—-2010 21,100 51

7 2002—2004 27,467 116 2006—2008 27,000 75

8 1996—1998 14,693 115 2000—2002 14,967 79
treated sites based on sites with similar operational and geo-
metric characteristics (Npredict.ed,t,b). Mar.ly safety studies have Npredicted = Ci.(Nis + Npea + Noie) Q)
used EB method as an appropriate effectiveness measurement
technique (Das et al., 2017; Gross et al., 2010; Huang et al., 2009;

chnique ( ,2017; ,2010; Huangetal,, 2009, '_ N . (CMF, x - x CMF,,) @)
Miller et al., 2006; Persaud et al., 2001; Sun and Das, 2013a, b;
Wang et al.,, 2017; Wu et al., 2015; Yang and Loo, 2016). The

g g ) Nspfrs = Nsv + vand + vad (3)

calculation method of this current followed the steps used in
Hauer's studies (Hauer, 1997, 2015).

Step 1: Evaluate the predictive values.

The predictive models for urban and suburban arterial
roadway segments are presented in the following equations in
the highway safety manual (HSM)

where Npredicted is the predicted average crash frequency of an
individual roadway segment for the selected year, Ny is the
predicted average crash frequency of an individual roadway
segment (excluding vehicle-pedestrian and vehicle-bicycle
collisions), Ngpfrs is the predicted total average crash frequency

$ o
B’ : :I Parish boundary

Legend /

4U to 5T sites s

g
Soty

Fig. 2 — 4U to 5T conversion sites.
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Fig. 3 — Concept of observational before-after studies (Das,
2015).

of an individual roadway segment for base conditions
(excluding vehicle-pedestrian and vehicle-bicycle collisions),
Npeq is the predicted average crash frequency of vehicle-
pedestrian collisions for an individual roadway segment, Npixe
is the predicted average crash frequency of vehicle-
bicycle collisions for an individual roadway segment,
CMF; x --- x CMF, is the crash modification factors for roadway
segments, C; is the calibration factor for urban and suburban
roadway segments in Louisiana, Ngy is the predicted average
crash frequency of single-vehicle crashes for base conditions,
Nmvna is the predicted average crash frequency of multiple-
vehicle non-driveway collisions for base conditions, Nyyais the
predicted average crash frequency of multiple-vehicle
driveway-related collisions.

The SPF for single vehicle crashes and multiple-vehicle
non-driveway collisions use the following equation

Ngv = expla + b In(AADT) + In(L)] (4)

Nmynda = expla + b In(AADT) + In(L)] (5)

where AADT is the average annual daily traffic volume (veh/d)
on roadway segment, L is the length of roadway segment
(mile), and a, b are the regression coefficients (from the HSM
AASHTO, 2010, and AASHTO, 2010).

The total number of multiple-vehicle driveway-related
collisions within a roadway segment is determined as

AADT\"
Nmva = zn: m;N; <m> (6)
a.

driveway
types

where N; is the number of driveway-related collisions per
driveway per year for driveway type i from Table 3, n; is the
number of driveways within roadway segment of driveway
type i including all driveways on both sides of the road
(Table 3), and t is the coefficient for traffic volume
adjustment (acquired from the HSM) from Table 3.

The number of driveways in all of the sites ranges from 11
to 54. It is also important to note that none of these sites have
major commercial or residential driveways. The research
team has considered other CMFs as 1 to determine Nys.

Ny = Nspfrs X (1 X e X 1) = Nsy + Nmynd + Nmva (7)

Cp. value is considered as 1 in this current study.

Npredicted = 1 X (Nrs + Npea + Nbike) = Nis + Nped + Noike (8)

The number of vehicle-pedestrian collisions per year for a
roadway segment is estimated as

Nped = Nrsfped (9)

where fpeq is the pedestrian crash adjustment factor (from the
HSM AASHTO, 2010).

The number of vehicle-bicycle collisions per year for a
roadway segment is estimated as

Nbike = Nrsfoike (10)

where fyire is the pedestrian crash adjustment factor (from the
HSM AASHTO, 2010).

Table 4 lists the predicted and expected values of the
crashes from this method.

Step 2: evaluate the expected values.

The empirical Bayes estimates the expected number of
crashes without treatment. Nexpected,t,b IS computed from the
following equation

Nexpected‘t.b = WNpredicted.t.b + (1 - w)Nobserved‘tAb (11)

1
w= 12
1 + k Z Npredicted ( )
all study years

where w is the weighted adjustment to be placed on the pre-
dictive model estimate, k is 0.236/Segment length which equal
to over dispersion parameter of the associated SPF used to
estimate Npredicted-

The negative binomial regression used in the SPF allows
the variance to differ from the mean through the incorpora-
tion of an additional parameter called the dispersion param-
eter. When the variance is greater than the mean, the data is
known to be over dispersed. The over dispersion parameter
has positive values. It is important to note that with the
increment of over dispersion parameter, the weighted
adjustment factor decreases. In general, more emphasis is
placed on the observed/reported crashes rather than the SPF
predicted crash frequency. The formula used for k is acquired
from the HSM.

Table 3 — Driveway densities in each site.

Driveway type Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 t for 4U t for 5T
Major commercial 0 0 0 0 0 0 0 1 0.182 0.165
Major residential 0 1 0 1 0 0 0 0 0.096 0.087
Major industrial 0 0 0 0 0 0 0 0 0.198 0.181
Minor commercial 11 15 15 29 24 5 28 50 0.058 0.053
Minor residential 0 0 19 5 30 8 2 2 0.018 0.016
Minor industrial 0 1 0 0 0 0 0 0 0.026 0.024
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Table 4 — Predicted and expected values using EB method.

Predicted crashes
before years

Observed
crashes after

Site Observed crashes
before years

Predicted
crashes after

Expected crashes
before years

Expected Var

crashes after  (Nexpected,t,a)

Nobserved,t,b years Nobserved,t,a Npredicted,t,b years Npredicted,t,a Nexpected,t,b years Nexpected,t,a
1 21 9 2.24 2.95 13.51 17.85 13.79
2 118 47 3.64 4.85 83.82 111.54 103.59
3 39 20 1.47 2.19 21.00 31.27 23.79
4 126 114 6.72 8.73 103.28 134.18 140.54
5 358 148 14.04 18.27 323.00 420.40 490.79
6 65 51 1.61 2.07 33.30 42.67 27.14
7 116 75 6.43 7.86 93.23 113.98 110.00
8 115 79 6.08 7.99 92.73 121.86 126.81

The adjusted value of the EB estimate, Nexpected,t,a 1S the
expected number of crashes in the after years without treat-
ment and is calculated as follow

N .

predicted.t,a

Nexpected.t.a = Nexpected.th (13)
predicted,tb

The variance of Nexpected,t,a 1S

Npreditedta (1 1) (14)

Var Nex ectedta) = Nex ected,t.a
( i ) i Npredicted,t.b

Step 3: evaluate the CMF and variance of CMF.
The CMF and its variance can be calculated from the
following equations

Nobserved.t.a/Nexpected.t.a
2
1+ {Var(NEXPECEed«t-a)/Nexpected.t.a]

CMF = (15)
l/NobservedAt‘a + [var(NexpectedAtAa)/Ngxpected_t_a]

Var(CMF) = CMF? P
[1 + Var (Nexpected.t.a) /Ngxpected.t,a]

(16)

In place of doing an explanatory analysis, this study used
robust observational study EB method to show that the re-
ductions are consistent in the after years. For example, site 6
(Table 5) shows a CMF of 1.18 (18% crash increase for 5T), but
the observed crashes in the after years is lower than before
years. EB method considers both crash counts and SPF to
provide a better estimate by removing bias due to regression
to mean. Table 5 enlists the values of site specific CMF,
standard deviations, and 95% confidence interval (CI) of the
CMF from this method. The CMF values range from 0.35 to
0.84 (except site 6; in which CMF is greater than 1). The 95%

Table 5 — CMF and variance of CMF values.

Site CMF Var (CMF) Sd (CMF) 95% CI of CMF
1 0.48 0.03 0.18 (0.13, 0.84)
2 0.42 0.01 0.07 (0.28, 0.56)
3 0.62 0.03 0.17 (0.30, 0.95)
4 0.84 0.01 0.11 (0.63, 1.05)
5 0.35 0.00 0.03 (0.28, 0.42)
6 1.18 0.05 0.22 (0.76, 1.60)
7 0.65 0.01 0.10 (0.47, 0.84)
8 0.64 0.01 0.09 (0.46, 0.82)

values are lower than 1 in most cases except in site 4, and
site 6.

Fig. 4 shows SPF graphics for multiple vehicle non-
driveway crashes. A similar graphic (Fig. 5) for different
driveway densities was reproduced by another study (Das,
2015). In both cases, predicted crashes for 5T are higher in
numbers. For example (Fig. 4), for AADT value 40,000 vpd,
the predicted crashes of 5T is nearly 15 (higher compared to
4U, which is approximately 12). Similarly, Fig. 5 values also
indicate that 5T associate with higher predicted crashes
than 4U. However, this study shows that implementation of
ST improves safety in the studied sites in Louisiana. The
crash reduction in seven sites ranges from 16% to 65%,
which indicates that urban roadways with lower volume
and limited number of non-major driveways can show
significant  safety = improvement with inexpensive
countermeasure like lane restriping. Rahman et al. (2018)
used lane conversation data from nine sites in Louisiana and
found similar findings.

4.2. Benefit cost analysis

The cost of re-striping a roadway per mile (including both
materials and labor) is about $7105 by the district mainte-
nance crew of the district office or $11,450 by outside con-
tract. To determine the recent cost per injury or PDO
crashes, a study by Schneider (2015) is consulted. In that
study, cost estimates are based on a study conducted by
NHTSA in 2000 and these values were adjusted by the cost

et b o] N
(=) Ui (=] w
T T T 1

frequency per mile
(83}

Predicted average crash

il A 1 ! A 3 ]

0 10 20 30 40 50 60 70
AADT (10° veh/d)

Fig. 4 — SPF graphics for multiple vehicle non-driveway
collisions (AASHTO, 2010).
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Conditions:

1.Segment length=1 mile
2.Nolightings

3.No automated speed enforcements
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Fig. 5 — Multiple-vehicle driveway-related predicted
crashes per mile (Das, 2015).

performance index (CPI) to obtain costs for 2014. The benefit
cost ratio for the treatment sites range from 97 to 379. The
benefit-cost ratio for all eight segments is shown in Table
6. The B/C ratio was calculated based on the observed
crash reduction. Site 6 has a higher CMF due to
surroundings and other variables. Site 6 has 14 crash
reductions in the after years. If the crashes associate with
higher injury, the benefit would be higher. It is important
to note that the benefit-cost analysis should consider
consumer surplus, inflation, and prorated value to facility
service life-cycle. As the B/C ratio is very high (97 and
above), the authors did not proceed to perform analysis to
evaluate a precise B/C ratio. The authors consider this
analysis as a future investigation.

In Table 6 the B/C ratio was calculated based on the
observed crash reduction. Site 6 has a higher CMF due to
surroundings and other variables. Site 6 has 14 crash
reductions in the after years. If the crashes associate with
higher injury, the benefit would be higher. It is important to
note that the benefit-cost analysis should consider
consumer surplus, inflation, and prorated value to facility
service life-cycle. As the B/C ratio is very high (97 and
above), the authors did not proceed to perform analysis to

Table 6 — Benefit cost ratio.

Site Total benefits ($) Total cost ($) B/C ratio
1 278,951 2863 97
2 1,387,818 4809 289
3 810,675 5382 151
4 1,142,767 7672 149
5 3,039,771 14,084 216
6 651,252 1718 379
7 630,598 4580 138
8 1,076,223 9046 119
PDO crash cost ($) 6623

Injury crash cost ($) 46,518

Cost per mile ($) 11,450

evaluate a precise B/C ratio. The authors consider this
analysis as a future investigation.

5. Conclusions

The study demonstrates that 4U to 5T conversion on urban
roads can be very beneficial. This study has two particular
contributions:

e It evaluates the effect of lane conversion on eight different
sites in Louisiana. The safety improvement is consistent for
most of the sites. Empirical Bayes analysis shows an ex-
pected crash reduction up to 52% with only one site with the
possible crash increase. The benefit cost ratio is very prom-
ising, ranges from 97 up to 379. Itisimportant to note that the
studied sites have a limited number of non-major driveways
and moderate (around 20,000 vpd) traffic volume.

e It shows clear differences between the HSM findings and
the current findings. HSM suggests that 5T would associate
with a higher number of crashes. In contrary, this study
shows the opposite result. It may due to the local condi-
tions of the current sites. A database with higher sample
size can be tested in future for more robust comparison.

When therequired options arerestricted in aninstantaneous
application, it is better to do something that can reduce crashes
than passively wait for future, possibly unrealistic, opportu-
nities. This study suggests thatinserting a two way left turn lane
on four lane undivided urban highways can have significant
benefit. Changing four-lane undivided roadway segment to a
roadway type that is not used in new construction proves tobe a
very effective crash countermeasure. There are two major lim-
itations of the current study: 1) it does not examine the effect of
pavement width in the SPF and, 2) traffic conversions are not
considered in the EB calculation. Additionally, the sample size is
not big enough to draw a universal conclusion. Future studies
can consider developingroadway specific SPFs for Louisiana and
evaluate the effectiveness with large sample size. This study
used the HSM equations and related values to determine the
safety impact of 4U to 5T conversion.

With available funds in the future, it is easy to convert
these five-lane roadway segments to a Boulevard roadway
type-an expensive and time-consuming concept that is pro-
moted today in urban and suburban areas in Louisiana.
However, it is also important to note that one-size-fits-all
solutions do not usually work in highway safety issues.
Moreover, the safety improvement of 4U to 5T is limited to
lower volume and a limited number of non-major roadways.
Caution must be taken when applying this safety counter-
measure in other locations.

Conflicts of interest

The authors do not have any conflict of interest with other
entities or researchers.


https://doi.org/10.1016/j.jtte.2017.11.002
https://doi.org/10.1016/j.jtte.2017.11.002

316 J. Traffic Transp. Eng. (Engl. Ed.) 2018; 5 (4): 309—317

Acknowledgment

The authors would like to thank Louisiana Transportation
Research Center (LTRC Project No. 08-3SS) for their support.

REFERENCES

AASHTO, 2010. Highway Safety Manual, first ed. American
Association of State Highway and Transportation Officials,
Washington DC.

Carlin, B., Louis, T., 1996. Bayes and Empirical Bayes Methods for
Data Analysis. Chapman & Hall/CRC, Washington DC.

Das, S., 2015. Effectiveness of Inexpensive Crash Countermeasures
to Improve Traffic Safety (PhD thesis). University of Louisiana
at Lafayette, Lafayette.

Das, S., Le, M., Pratt, M,, et al., 2017. Safety performance of truck
lane restrictions in Texas: empirical bayes observational
before-after analysis. In: Transportation Research Board
(TRB) 96th Annual Meeting, Washington DC, 2017.

Gluck, J., Levinson, H., Stover, V. 1999. Impacts of Access
Management Techniques. NCHRP 420. TRB, Washington DC.

Gross, F., Persaud, B., Lyon, C., 2010. A Guide to Developing
Quality Crash Modification Factors U.S. No. FHWA-SA-10-
032. FHWA, Washington DC.

Harwood, D., 1990. Effective utilization of street width on urban
arterials. Transp. Res. Rec. 330, 27—-28.

Hauer, E., 1997. Observational Before-after Studies in Road Safety:
Estimating the Effect of Highway and Traffic Engineering
Measures on Road Safety. Pergamon, Oxford.

Hauer, E., 2015. The Art of Regression Modeling in Road Safety.
Springer, Cham.

Huang, H., Stewart, J.,, Zegeer, C., 2002. Evaluation of lane
reduction "road diet" measures on crashes and injuries.
Transp. Res. Rec. 1784, 80—90.

Huang, H., Chin, C., Haque, M., 2009. Empirical evaluation of
alternative approaches in identifying crash hot spots.
Transp. Res. Rec. 2103, 32—41.

Iowa Department of Transportation (IOWADOT), 2010. Minnesota
Statewide Urban Design and Specifications. Ch. 5, Sec. L
Available at: http://www.iowadot.gov/design/dmanual/manual.
html?reload. (Accessed 1 July 2017).

Knapp, K., Chandler, B., Atkinson, J., et al, 2014. Road Diet
Informational Guide. FHWA-sa-14-028. FHWA, Washington DC.

McCormick, D., Wilson, E., 1983. Comparing operational effects of
continuous two-way left-turn lanes (abridgment). Transp. Res.
Rec. 923, 86—90.

Miller, J., Khandelwal, R., Garber, N., 2006. Safety impacts of
photo-red enforcement at suburban signalized intersections:
an empirical bayes approach. Transp. Res. Rec. 1969, 27—34.

Oklahoma Department of Transportation (ODOT), 2007. US 81
Corridor Study from North of Union City South to SH 19
South of Chickasha. Available at: http://www.okladot.state.
ok.us/p-r-div/us8lcorridor/. (Accessed 1 July 2017).

Pawlovich, M., Li, W., Carriquiry, A., et al, 2006. Lowa's
experience with road diet measures: use of bayesian
approach to assess impacts on crash frequencies and crash
rates. Transp. Res. Rec. 1953, 163—171.

Persaud, B., Retting, R.A., Garder, P.E, 2001. Safety effect of
roundabout conversions in the United States: empirical bayes
observational before-after study. Transp. Res. Rec. 1751, 1-8.

Preston, H., Newton, R., Keltner, D., et al., 1998. Statistical
Relationship between Vehicular Crashes and Highway
Access. MN/RC-1998-27. Minnesota  Department of
Transportation, St. Paul.

Rahman, A., Sun, X,, Das, S., 2018. Safety performance evaluation
of urban undivided four-lane to five-lane conversion in

Louisiana. In: Transportation Research Board (TRB) 97th
Annual Meeting, Washington DC, 2018.

Robinson, D., 2017. Introduction to Empirical Bayes: Examples
from Baseball Statistics. Available at: https:/github.com/
dgrtwo/empirical-bayes-book. (Accessed 1 July 2017).

Schneider, H., 2015. Louisiana Traffic Records Data Report 2014.
Highway Safety Research Group, Baton Rouge.

Sun, X., Das, S., 2013a. A Comprehensive Study on Pavement Edge
Line Implementation. FHWA/LA.13/508. Louisiana Department
of Transportation and Development (LADOTD), Lafayette.

Sun, X., Das, S., 2013b. Developing Louisiana Crash Reduction
Factors. FHWA/LA.12/506. Louisiana Department of
Transportation and Development, Lafayette.

Sun, X., Das, S., Fruge, N., et al., 2013. Four-lane to five-lane urban
roadway conversions for safety. J. Transp. Saf. Secur. 5 (2),
106—117.

Sun, X., Das, S., Zhang, Z., et al., 2014. Investigating safety impact
of edgelines on narrow, rural two-lane highways by empirical
Bayes method. Transp. Res. Rec. 2433, 121-128.

TRB, 2014. Access Management Manual,
Transportation Research Board, Washington DC.

U.S. Department of Transportation (USDOT), 2010. Federal Highway
Administration. Evaluation of Lane Reduction “Road Diet”
Measures on Crashes. Available at: https://www.fhwa.dot.gov/
publications/research/safety/10053/. (Accessed 1 July 2017).

U.S. Department of Transportation (USDOT), 2016. Federal Highway
Administration. Road Diet Case Studies. Available at: http://
safety.fhwa.dot.gov/road_diets/case_studies/. (Accessed 1 July
2017).

Wang,]., Abdel-Aty, M., Wang, L., 2017. Examination of the reliability
of the crash modification factors using empirical Bayes method
with resampling technique. Accid. Anal. Prev. 104, 96—105.

Wu, H., Han, Z., Murphy, M., et al, 2015. Empirical Bayes
before—after study on safety effect of narrow pavement
widening projects in Texas. Transp. Res. Rec. 2515, 63—609.

Yang, B., Loo, B., 2016. Land use and traffic collisions: a link-
attribute analysis using Empirical Bayes method. Accid.
Anal. Prev. 95 (Part A), 236—249.

second ed.

Dr. Subasish Das is an associate trans-
portation researcher at Texas A&M Trans-
portation Institute (TTI). He received his PhD
in civil engineering from University of Loui-
siana at Lafayette in 2015, and holds a Master
.| of Science in civil engineering from the same
university in 2012. He has more than 8 years
of national and international experience
associated with transportation safety engi-
neering research projects. His primary fields
of research interest are roadway safety,
roadway design, and associated operational
issues. Dr. Das is the author or co-author of
over 40 technical papers or research reports.

Dr. Xiaoduan Sun, P.E., is the endowed pro-
fessor of the civil engineering department at
the University of Louisiana at Lafayette. Her
primary fields of research interest are
roadway safety, roadway design, and asso-
ciated operational issues. Dr. Sun is the
author or co-author of over 80 technical pa-
pers or research reports.


http://refhub.elsevier.com/S2095-7564(17)30252-0/sref1
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref1
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref1
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref2
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref2
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref2
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref3
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref3
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref3
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref4
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref4
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref4
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref4
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref5
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref5
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref6
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref6
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref6
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref7
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref7
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref7
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref8
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref8
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref8
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref9
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref9
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref10
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref10
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref10
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref10
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref11
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref11
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref11
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref11
http://www.iowadot.gov/design/dmanual/manual.html?reload
http://www.iowadot.gov/design/dmanual/manual.html?reload
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref13
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref13
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref14
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref14
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref14
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref14
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref15
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref15
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref15
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref15
http://www.okladot.state.ok.us/p-r-div/us81corridor/
http://www.okladot.state.ok.us/p-r-div/us81corridor/
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref17
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref17
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref17
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref17
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref17
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref18
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref18
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref18
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref18
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref19
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref19
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref19
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref19
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref20
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref20
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref20
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref20
https://github.com/dgrtwo/empirical-bayes-book
https://github.com/dgrtwo/empirical-bayes-book
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref22
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref22
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref23
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref23
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref23
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref24
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref24
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref24
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref25
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref25
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref25
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref25
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref26
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref26
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref26
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref26
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref27
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref27
https://www.fhwa.dot.gov/publications/research/safety/10053/
https://www.fhwa.dot.gov/publications/research/safety/10053/
http://safety.fhwa.dot.gov/road_diets/case_studies/
http://safety.fhwa.dot.gov/road_diets/case_studies/
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref30
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref30
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref30
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref30
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref31
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref31
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref31
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref31
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref31
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref32
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref32
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref32
http://refhub.elsevier.com/S2095-7564(17)30252-0/sref32
https://doi.org/10.1016/j.jtte.2017.11.002
https://doi.org/10.1016/j.jtte.2017.11.002

J. Traffic Transp. Eng. (Engl. Ed.) 2018; 5 (4): 309—317 317

Dr. Karen Dixon, P.E,, is a research engineer
and program manager for the Roadway Safety
Program at the Texas A&M Transportation
Institute. Prior to joining TTI, Dr. Dixon was a
professor for the Oregon State University,
School of Civil & Construction Engineering,
where she was awarded the title of CE excel-
lence faculty fellow. Prior to her appointment
at OSU, Dr. Dixon was a tenured associate
professor at the Georgia Institute of Technol-
ogy. Dr. Dixon is a member of the TRB Highway
Safety Performance Committee and a member
of the TRB Operational Effects of Geometrics
Committee. Dr. Dixon served as the chair of the
technical research subcommittee for the
development of the AASHTO Highway Safety
Manual.

| M. Ashifur Rahman is continuing his

doctoral studies in systems engineering with
a concentration in Civil Engineering at the
University of Louisiana at Lafayette. He has
published several research reports and
papers.


https://doi.org/10.1016/j.jtte.2017.11.002
https://doi.org/10.1016/j.jtte.2017.11.002

	Safety effectiveness of roadway conversion with a two way left turn lane
	1. Introduction
	2. Literature review
	3. Selected sites
	4. Observational before-after study
	4.1. Empirical Bayes (EB) method
	4.2. Benefit cost analysis

	5. Conclusions
	Conflicts of interest
	Acknowledgment
	References


