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INTRODUCTION
The Institute of Transportation Engi-

neers (ITE) describes the reverse laning of
roadways as “potentially one of the most
effective methods of increasing rush-hour
capacity of existing streets under the
proper conditions.”1

A reversible roadway is one in which
the direction of traffic flow in one or
more lanes or shoulders is reversed to the
opposing direction for some period of
time. Its utility is derived by taking advan-
tage of the unused capacity of the minor
flow direction to increase capacity in the
major flow direction, negating the need to
construct additional lanes. 

Reversible roadways most commonly
are used for accommodating the direction-
ally imbalanced traffic associated with daily
commuter periods. Reversible lanes also
have been used regularly in construction
work zones, during major events and, more
recently, for the evacuation of major metro-
politan regions threatened by hurricanes. 

The history of reversible lane systems
(RLS) dates back more than 75 years and
includes applications on all roadway clas-
sifications, from local city streets to free-
ways. Despite the long and diverse
history of RLS, it is interesting to note
that the practices that guide its applica-
tion are not nearly as well defined or
studied as many other techniques of traf-
fic management. 

A review of RLS applications has
revealed that the broad, occasionally vague
guidelines for reversible roadways actually
may be beneficial because they have

allowed agencies a
wide leeway to apply
and adapt practices to
fit local roadways. 

However, it also is thought that the
limited evaluation of the operational and
safety benefits and costs of RLS may limit
full potential. Some agencies have openly
stated their reluctance to implement seem-
ingly unconventional strategies without a

quantifiably established record of success.
In recognition of the need for more

comprehensive documentation on
reversible lane planning, design and
management practices, the Transporta-
tion Research Board, through National
Cooperative Highway Research Program
Project 20-5, “Synthesis of Information
Related to Highway Problems,” spon-
sored Synthesis 340—Convertible Road-
ways and Lanes.2

The goal of the synthesis was to docu-
ment the historical development of
reversible lanes; their application to
address various needs; the lessons learned
from prior implementation; the costs and
benefits associated with their use; and
various techniques and successful prac-
tices developed over their history. 

The synthesis project was conducted
over an 18-month period between
December 2002 and May 2004 and
included a review of more than 50 cur-
rent and discontinued applications as
well as a survey of known and potential
users of reversible lanes; prior research
and evaluation studies; and informal
interviews with representatives of high-
way agencies that currently use them. 

The survey portion of the study was
used to gather information on the views
of agencies that have used or have con-
templated the use of reversible roadways.
It included 27 questions focusing on key
issues of reversible roadway planning,
design, management, control, enforce-
ment and performance assessment and
evaluation. The survey questions, along
with a complete record of the responses
received, can be found in the full synthe-
sis report.3

This feature focuses on several key
findings of the synthesis and presents an
overview of planning, design and control
principles that have been developed for
reversible lanes as well as many basic
guidelines that should be considered by
agencies contemplating their use. 
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The goal of this work is to bring these
findings to a wider audience of traffic prac-
titioners for their consideration. It also
includes anecdotal information collected
from interviews and reviews of scores of
field applications, past and present. Several
examples are included to illustrate the
range of practices and to highlight locally
adopted techniques that are particularly
effective and/or innovative.

FUNDAMENTALS
The obvious reason for using RLS is

to add (or in the case of construction
zones, maintain) capacity. It affords the
flexibility of changing lane use to fit
changing demand patterns and is best
suited to routes in which it is not eco-
nomically practical to add lanes, particu-
larly on bridges and in tunnels.
Preferably, capacity gains should be with-
out degrading the operational quality of
the opposing direction. This is not always
feasible, particularly when full reversals
eliminate all opposing traffic lanes.

RLS typically is described using a
ratio notation designating of the number
lanes flowing in one direction versus the
other. For example, a four-lane road used
in a conventional 2:2 balanced configura-
tion can be converted to a 3:1 or 4:0 pat-
tern when one or more lanes are reversed. 

The most important factor that influ-
ences the overall plan of a reversible road-
way is its volume characteristics. Ideally,
the lane use ratio would match the direc-
tional traffic ratio. However, many other
factors influence the planning and design
of an RLS. These include:

• the cost and the level of complexity
and sophistication of traffic control;

• the functional type of roadway on
which it is used; 

• the purpose and/or intended goals
for which it is used; and 

• the agency responsible for the plan-
ning, design, implementation and
management. 

Often, these factors are related to one
another. For example, urban commuter
RLS on freeways is among the most
sophisticated and expensive of reversible
systems. This is because it frequently
requires more robust barrier systems to
maintain a safe separation between

opposing traffic streams; automated con-
trol systems to reduce the demands on
field personnel; and greater amounts of
traffic control and information to be
communicated to drivers. 

Many short-term, event-specific RLS
applications, particularly those planned
and managed by law enforcement agen-
cies, use little more than cones and flares
for traffic control and lane separation.

The key spatial elements of a reversible
roadway segment include the geometric
features such as its overall length, number
of lanes and the configuration and length
of the inbound and outbound transition.
The ways in which these elements are
developed within a particular application
will be discussed later in more detail. 

The primary temporal components of
RLS include the frequency and duration
of a particular configuration and the time
required to transition traffic from one
direction to another. 

The duration of peak-period com-
muter RLS applications, for example,
typically is about 2 hours (not including
set-up, removal and transition time) with
a twice-daily frequency. By contrast, an
evacuation RLS may be used only once
in a decade, although its duration may
span a period of days.

REQUIREMENTS AND PRACTICES
Through various resources, organiza-

tions such as ITE, the American Associa-
tion of State Highway and Transportation
Officials (AASHTO) and the Federal
Highway Administration (FHWA) have
proposed warrant criteria for RLS as well as
general practices to help it operate in a pos-
itive manner. Although this guidance is rel-
atively consistent in terms of scope and
intent, the details are not nearly as specific
or consistent as for other long-established
forms of traffic management and control. 

Although such ambiguity often can
cause problems with uniformity of prac-
tice, it has been theorized that in the case
of reversible roadways, the relatively lim-
ited number of established practice stan-
dards has allowed many agencies wider
latitude to develop and adapt practices to
fit specific conditions in local areas. 

The following sections summarize
some of the established criteria and rec-
ommendations for RLS planning, design

and management as well several examples
of innovative local practices.

Traffic Requirements
The quantity and distribution of traf-

fic volume are the primary parameters for
determining the suitability and effective-
ness potential of RLS. Reversible opera-
tion is best suited to multi-lane roadways
in which a directionally unbalanced traf-
fic flow leaves one or more of the minor
flow direction lanes underutilized and, in
particular, segments with minimal turn-
ing and stopping maneuvers. 

Prior experience also shows that RLS
may be suitable for corridors that suffer
from congestion but where, after study, it
has been concluded that no other accept-
able alternative improvement scenarios
exist, including right-of-way limitations
that preclude widening an existing facil-
ity or constructing a parallel roadway on
a separate right-of-way. 

Other indicators that suggest a poten-
tial significant benefit from reversible oper-
ation are traffic congestion patterns that
are periodic and predictable, with decreases
in average operating speed of at least 25
percent during congested hours, and
routes in which adjacent streets do not per-
mit effective parallel one-way operation.

The ratio of directional traffic vol-
umes should be used to allocate the num-
ber lanes in each direction as well as to
determine the segment length. Generally
speaking, a ratio of major to minor traffic
volumes of at least 2:1 is recommended,
although a ratio of 3:1 is preferable.
AASHTO suggests that reversible opera-
tions are justified when “65 percent or
more of the traffic moves in one direction
during peak hours.”4

Similarly, the Manual on Uniform
Traffic Control Devices (MUTCD) sug-
gests a “… suitable ratio of directional
traffic volumes, with at least 66 to 75
percent in the predominant direction
…”5 Traffic counts should be taken at
several locations along the segment to
determine the location where additional
capacity is no longer needed or where
capacity in the minor direction needs to
be maintained.

Reversible lanes also are best suited to
through routes where intersections and
intermediate traffic generators and
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attractors are minimized, because lane
changing and weaving in these areas
result in added flow turbulence and fric-
tion. Although such maneuvers are a rou-
tine feature of conventional roadway
operation, the may become more prob-
lematic for reversed roadways because
drivers entering and exiting from within
the segment may be unsure which lanes
to enter into or exit from. 

A study of a reversible segment of
Union Avenue in downtown Memphis,
TN, USA, in which mid-segment access
points were frequent, showed an increase
in the frequency of sideswipe, head-on
and angle collisions.6 These collisions
were thought to have resulted from dri-
vers not recognizing active opposing and
same-direction travel lanes. 

Several agencies have sought to deal
with these types of problems by restrict-
ing entry turns during periods of
reversible operation through the posting
of turning lane use signs on approaches
of intersecting roads. An example of such
a sign on Connecticut Avenue in Wash-
ington, DC, USA, is shown in Figure 1.
Dual right turn lanes are available during
one of the reversal periods. 

Representatives from several agencies
also have stated that high traffic volumes
during reversible operation help mini-
mize crash potential because gap sizes are
minimized and the direction of traffic
movement in each lane is more obvious
to mainline drivers and drivers entering
along the segment.

Finally, prior experience strongly sug-
gests the need to maintain a minimum of
two lanes in each direction, irrespective
of minor-direction flow volume. This is
necessary because even at low minor
direction volumes, congestion can occur
when storage is not provided for turning
traffic. The efficiency of single-lane,
minor direction operations also can be
impacted significantly by the presence of
minor incidents and heavy vehicles. The
latter has been particularly evident in
applications of bus contraflow lanes in
urban areas.7

TRANSITIONS AND CAPACITY
Adequate terminal capacities also are

critical for proper RLS operation. Insuffi-
cient entry capacity can prevent a full uti-

lization of the reversed segment. An
example of this condition was evident on
Interstate 10 near New Orleans, LA,
USA, during the September 2004 evacu-
ation for Hurricane Ivan. In that loca-
tion, a single crossover was used to
transition vehicles from the inbound to
the outbound lanes. 

During the evacuation, the traffic con-
trol and police presence at the crossover
created a bottleneck resulting in upstream
congestion and underutilization of the
downstream contraflow lanes, despite the
added downstream capacity. This condi-
tion was improved significantly less then a
year later during the evacuation for Hur-
ricane Katrina—multiple upstream load-
ing points permitted the demand to be
spread over a distance of several miles.

Insufficient exit capacity has a similar
but opposite effect. Inadequate outflow
capacity has the potential to cause con-
gestion within the reversed segment
itself. Such conditions are common in
lane drop merge configurations that
require traffic from the reversed segment
to merge into one or fewer lanes at the
segment terminus. Although lane drop
designs can work when traffic volume
decreases sufficiently within the segment,
preferable configurations maintain an
equivalent number of lanes beyond the

terminus or divide traffic into multiple
downstream routes.

Transitions also have a temporal com-
ponent that must be considered. Transi-
tion periods occur when traffic is
switched from one direction to the other
and are necessary to clear the segment
and prevent opposing vehicles from con-
flicting after the conversion. In the sim-
plest applications, the transition needs to
minimally include the time required for
the last vehicle entering the section to
exit. In these applications, the first and
last vehicles to enter and exit the seg-
ment typically are police or service vehi-
cles, to ensure the full and safe clearance
of opposing traffic. In the case of evacua-
tion contraflow, where many segments
exceed 100 miles, transition periods may
last several hours. 

The emergence of more sophisticated
signal control systems now permits agen-
cies to shorten transition periods and, in
some cases, eliminate the need for physi-
cal crossover zones altogether. Two such
examples operate in and near Charlotte,
NC, USA. 

On Tyvola Road, flow conversions are
achieved using overhead lane use signals.
During the transition period, indications
for the modified lane(s) are changed (after
a short clearance interval) from green
arrows to red Xs in one direction, as
shown in Figure 2. In the opposite direc-
tion, the signal indication permits drivers
to move into adjacent lanes concurrently
within different portions of the segment.

Another rapid conversion method
observed in construction work zones is
the movable barrier. In these applica-
tions, a moving vehicle travels at about
15 miles per hour and lifts the median
barrier and moves it across a lane. In
addition to speed, other advantages of
movable barrier systems are that they can
be used under traffic and simultaneously
open and close opposing lanes of traffic.
Movable barrier systems also have been
used in permanent reversible installations
on bridges and through tunnels.8,9 

Traffic Control
Traffic control is another key compo-

nent of RLS. MUTCD contains guidance
on the control of reversible roadways,
including recommended signs, signals
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and pavement markings. The review of
practice showed, however, many interest-
ing local variations of the MUTCD
guidelines. The synthesis survey revealed
that, in many cases, local agencies felt that
the standard MUTCD control devices
were not able to fully communicate rele-
vant information to drivers.

Similar to designs, the level of com-
plexity for RLS traffic control often was
found to be a function of the design,
functional classification, frequency and
type of use. The selection of control
devices, especially within transition
zones, was related to operating speeds
and proximity to opposing traffic.
Among the most complex control sys-
tems were those used for freeway RLS. 

Freeway RLS control systems in use
include variable message signs, movable
barriers, gates and arrestor mechanisms.
Traffic control on low-speed streets is
more commonly accomplished using
lower cost signs and pavement markings,
although on higher volume arterial
routes, overhead lane use signalization
also has been used. In the case of short-
term, temporary, or seasonally used
reversals like those for concerts, civic
gatherings and sporting events, only
minimal traffic control is used. They
often involve little more than portable
devices like cones and flares in conjunc-
tion with traffic police. 

The synthesis also revealed the use of
many non-standard control devices.
Most of these locally developed devices
have been adapted from conventional
MUTCD designs. For example, for peak
period commuter RLS, agencies wanted
to include additional information about
the hours of reversible operation. 

An example observed on Canal Road
in Washington, DC, shows the hours of
operation and flow direction with an
R3-1 DO NOT ENTER sign (see Fig-
ure 3). The right photograph shows per-
mitted turning lanes at various times.
No significant safety or driver confusion
problems have been identified with these
signs, but some observers consider them
difficult to read, particularly at posted
operating speeds. 

Another innovative device was
observed in Washington, DC, where
Connecticut Avenue is converted from a

2:2 balanced operation with on-street
parking to a 4:2 reversible operation
(without parking) during commute
hours. Lane availability, parking restric-
tions and hours of operation are shown
on roadside signs. Diagonal arrow pave-
ment markings are used in the transition
zone to guide drivers into the available
lanes (see Figure 4).

Use Policies and Restrictions
The synthesis survey also revealed that

a number of agencies have developed

local policies and restrictions to enhance
the safety and efficiency of reversible seg-
ments as well as the roadways adjacent to
them. Such policies dictate how the lanes
will be used, left-turn prohibitions, on-
street parking hours and which vehicles
and occupancy rates are eligible during
periods of reversible operation. 

Although the goal of these policies is to
increase the overall effectiveness of the
reversible roadway, these benefits can
come at a cost to some user groups. Con-
sideration must be given to the movement
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of pedestrians across reversible lanes, local
businesses and the need to enforce speed
limits in areas that may have narrow cross-
sections and shoulder areas. 

Prohibition of left turns is made pri-
marily to keep through traffic moving.
However, it also reduces conflicts for dri-
vers on reversible segments by eliminat-
ing lane choice confusion. Left turns also
can be a problem at reversible road inter-
sections. Because left turn bays often are
added by shifting each outer edge of
pavement 6 feet outward to create an
additional 12-foot center turn lane,
through traffic would straddle a lane line.
One way that that this problem has been
addressed on reversible segments is by
using a continuous center left-turn lane
with dynamic overhead lane signals. 

The prohibition of on-street parking
on reversible roadways in urban areas
allows more of the road cross-section to
be usable for traffic movement.
Depending on the width of the parking
lane, an additional lane can be gained in
the major and minor flow directions.
The obvious advantage this affords is
added capacity in the major direction as
well as an additional lane in the minor
direction for drivers to pass slower and
turning traffic.

Another benefit of prohibiting parking
is crash reduction. A study conducted on
an early reversible road segment in Michi-
gan with parking restrictions showed a sig-
nificant decrease in all accidents during
hours of operation.10 This was not unex-
pected because many of the “before” acci-
dents were related to conflicts between
through and parking vehicles.

CONCLUSION
The review of reversible lanes and

roadways shows that this form of traffic
management has had a lengthy and var-
ied history of providing added directional
capacity during periods of elevated and
unbalanced directional travel demand
with varying levels of conformance to
suggested practice. Generally speaking,
the vast majority of reversible lane appli-
cations reviewed were able to achieve
their operational objectives with rela-
tively low safety impacts and at surpris-
ingly high levels of public understanding
and acceptance.

Although there are few formal analyses
of the safety effect of reversible opera-
tions, the agencies responsible for their
design and management generally regard
them as safe and efficient. Most managing
agencies interviewed during the review
reported little change in accident fre-
quency or severity under reversible opera-
tion. In several cases, it was felt that the
added capacity and uniform operation on
reversible roadways actually contributed
to improved safety conditions. This sug-
gests that reversible operations may not
be nearly as complicated, controversial, or
dangerous as many agencies believe. 

The body of empirical evidence
gained from prior experience suggests
that drivers adapt to reversible flow quite
readily. This record is true for both free-
way and arterial street applications across
all categories of use, including some that
have been in operation for more than
10–15 years and in locations where
reversible operations were less familiar to
local drivers or not well marked. 

This is not to suggest that RLS is
totally free of problems. One detailed
study revealed an abnormally high num-
ber of accidents associated with lane
reversals.11 However, after better traffic
control devices were added, this problem
was reduced. Another concern is mid-
block entry points that can result in unau-
thorized turns and entry into improper
lanes. To reduce these problems on Con-
necticut Avenue, lane use and turning
restriction signs have been installed at
minor street intersection approaches. In
general, many of these problems are
reduced during high-volume, minimum-
headway conditions when acceptable gaps
for turning movements are minimized. 

Enforcement and incident manage-
ment on many reversible segments can
become problematic. Because one of the
primary motivations of reversible lane
use is to limit the overall cross-section
width of a road, shoulders along many
segments often are narrow or non-exis-
tent. This eliminates the ability to use
roadside traffic enforcement vehicles and
greatly limits the ability to make emer-
gency stops and for service vehicles to
respond to incidents.

When viewed in total, there remains a
need for more information on most
aspects (design, control, evaluation, etc.)
of reversible lanes. The review shows that
while some information is available, there
are few evaluations of true benefits and
costs, particularly the effect on pedestrians
and other non-motorized user groups. ■
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