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Each of the four alternatives involves trade-offs. All but the Managed Arterial would restrict left turns across 
the median to avoid holding up buses in the bus-only lanes alternatives. All except the MA would use only a 
small fraction of the bus lanes’ capacity in most cases. The restriping alternative would introduce safety 
problems. Only the MA approach brings with it potentially significant new funding, in the form of toll 
revenues. And because it offers faster bus service than the bus-only lanes alternatives, it should generate 
larger ridership increases than the others. 
  
Figure 2 illustrates a typical underpass concept of the grade separations proposed for use in MA treatment of 
arterials. In their recent Southeast Florida study, Poole and Swenson used recent Florida project cost data to 
estimate that the capital cost of the underpass would be $41.8 million, only slightly higher than an overpass 
that would cost $39.5 million in the same location (both in 2010 dollars). Those numbers would be higher in 
states with significantly higher construction costs than Florida. 
 
 

Figure 2: Typical Arterial Underpass 
 

 
 
 
Some have expressed concern about extending the variable pricing idea to arterials, arguing that this would 
represent tolling of existing capacity, which is still considered off-limits by most elected officials. But, in 
fact, the MA concept was developed in accord with this principle. By employing all-electronic toll collection 
only for cars using the grade separations, this approach would be charging only those who opt to use the new 
capacity added to the arterial. Those not choosing to use the tolled underpasses would still have all the 
choices available to them at the signalized intersections as before. (The provision of four non-tolled through 
lanes, rather than the previous six, assumes significant diversion of traffic from the non-tolled lanes to the 
tolled underpass, leaving ample non-tolled capacity for the remaining traffic.) 
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Another concern is the visual impact of the grade separations. This is especially the case for arterial 
intersections in the more-densely developed portions of metro areas. The underpass alternative is intended to 
address those concerns, providing a far less visually intrusive form of grade separation than an overpass, at 
only a modest increase in cost. The underpass approach is feasible even in geographical regions such as 
southern Florida where the water table is high. Two such underpasses already exist within the Miami 
urbanized area, one in downtown Fort Lauderdale (allowing US 1 to go beneath a downtown river) and the 
other on US 27 in Hialeah (allowing highway users to go beneath a railroad, alongside a canal). Both have 
stand-by pumping systems to deal with heavy rainfall. 
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Enhanced Bus Service on Managed 
Arterials 

 
As noted previously, the focus of this paper is on Express Bus and BRT Heavy, the services that rely on 
exclusive (or virtually exclusive) lanes to avoid congestion. BRT Lite by definition operates in regular traffic 
lanes. Express Bus is inherently for longer-distance trips, analogous to commuter rail. BRT Heavy that is 
deployed in what the ITDP report termed the “direct service” mode (which offers single-seat rides from 
various suburban locations to various destinations and uses a virtually exclusive guideway for the line-haul 
portion) can offer service comparable to or better than some light rail or heavy rail systems, thanks to its one-
seat ride advantage. 
 
In the previously mentioned study of the potential of managed lanes and Managed Arterials in Southeast 
Florida, the authors estimated the extent of Express Bus service on a three-county network consisting of 301 
route-miles of expressway managed lanes plus 107 route-miles of Managed Arterials. Based on inputs from 
the transit agencies of the three counties, the researchers estimated 150,000 daily riders using this new 
service, based on routes suggested by transit agency planners.22 
 
For BRT Heavy (as opposed to Express Bus) service, a key question is how many intermediate stops to 
include on the line-haul portion of the trip. The positive aspect of adding such stops, presumably at 
intersections with major perpendicular arterials with significant bus service, is to permit transfers between 
the bus service on the perpendicular arterial and the BRT Heavy service using the MA. The negative aspect 
is that the more such stops, the greater the travel time for those boarding the BRT Heavy bus at its suburban 
origin. Such trade-offs will require locally specific analysis. The point to remember is that the virtually 
exclusive guideway provided by the Managed Arterial facilitates both nonstop Express Bus and several-stop 
BRT Heavy service with carefully selected station locations. 
 
Where there are such stops for BRT Heavy buses, they would be located at grade, just before the signalized 
intersection. To ease the bus’s rejoining traffic that uses the underpasses, the system should provide for a 
queue jump (a traffic signal modification allowing the bus to pass through the intersection before the through 
lanes get a green light).  
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A Special Case: Converting Exclusive 
Busways 

 
A possible near-term implementation of the concept is re-purposing low-performing exclusive busways that 
are traversed by numerous cross streets with signalized intersections. Grade separations (generally 
underpasses) would replace signalized intersections and the lanes would be opened to a managed number of 
toll-paying personal vehicles. In this special case, Express Bus and BRT Heavy would use all or most of the 
underpasses, while BRT Lite would use at-grade stations with queue jumps at most or all of the intersections. 
 
Two such busways are the Orange Line in the San Fernando Valley of Los Angeles and the South Miami-
Dade Busway in Florida. Both facilities took advantage of no-longer-used railroad rights of way through 
suburban areas—in both cases former freight lines. Although the Orange Line is considered a BRT Heavy 
service, its long travel time due to a mandated 10 mph speed limit through each of the more than 40 
signalized intersections along its 18.2-mile route results in far from optimal performance—an average speed 
of just 21 mph. Most of the bus service on the Miami-Dade Busway is local bus, though several routes are 
designated as express. But all of these services are seriously constrained by 53 signalized intersections along 
the 19.8-mile length of that busway. 
  
In the Los Angeles case, only some portions appear to have enough right of way to provide two priced lanes 
each way, and adding underpasses would be difficult without acquiring land in many cases. Discussions are 
under way in Los Angeles about potentially adding grade separations to the Orange Line corridor, but the 
capital costs of doing so are not in any current long-range plan. Many local officials would like to replace the 
buses with a light rail line, but that would be even more costly than just adding the grade separations—
current estimates are between $1.2 billion and $1.7 billion.23 A current project is testing an increased 25 mph 
bus speed limit through the signalized intersections.24 
 
In Miami-Dade County, two feasibility studies of managed lane conversion alternatives have been carried 
out, but more detailed work has not been completed. The Busway runs parallel to US 1, the most congested 
arterial in the fast-growing southern portion of Miami-Dade County. Because the Busway is not living up to 
what many consider to be its potential, and also because of the severe congestion on parallel US 1 during 
peak periods, the Miami-Dade MPO commissioned a feasibility study of possible improvements, including 
grade separations. The initial study, released in 2008, suggested some kind of managed lanes approach, in 
which the Busway would be widened from two lanes to four, and the whole facility would operate much like 
a managed lanes facility on an expressway, with variable tolls charged to non-bus users.25  
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Since the revamped approach to the Busway would require electronic tolling, a more detailed feasibility 
study was commissioned by the Miami-Dade Expressway Authority and Miami-Dade Transit. This project 
development and environmental (PD&E) study, including extensive public outreach, evaluated alternate 
configurations with the aim of producing final environmental and engineering documents.26 
 
Only the Tier 1 report of the planned two-tier PD&E study has been released, despite relatively favorable 
feasibility results.27 There was considerable local opposition from officials of several of the communities 
through which the Busway passes, focusing primarily on the “visual eyesores” expected to result from a 
series of Busway overpasses at every location where there is now a signalized intersection. Although the Tier 
1 report noted that underpasses were an alternative, that point did not appear to be communicated very 
effectively. Also of concern was the potential of the revamped Busway Express Lanes being configured as a 
“roller coaster,” which might be the case if overpasses or underpasses were put in place at all 53 intersecting 
streets along its 19.8 miles. Media coverage of the ongoing Tier 2 study continued into 2014, with various 
assumptions and results discussed in an article as late as June of that year.28 But no Tier 2 study report has 
been released, though the project still appears on the Miami-Dade Expressway (MDX) website. 
 
That is unfortunate, because the Tier 1 results were actually quite promising. Traffic analysis found that the 
US 1 congestion, and hence demand for an express lanes alternative to US 1, was greatest north of SW 232nd 
Street. Likewise, 60% of bus service on the Busway occurs north of SW 232nd Street. So the later iterations 
in Tier 1 focused on the northerly 12 miles. Iteration 8 assumed two lanes each way with grade separations at 
all 22 intersections along those 12 miles, along with five access points to the revamped facility. Its 20-year 
projected revenue (in 2011 dollars) exceeded the cost of construction, but was not sufficient to also cover the 
facility’s operating and maintenance (O&M) costs. Very restrictive assumptions about transit assumed only 
the same mostly all-stop bus service, which ignores the greatly improved transit performance that being able 
to offer Express Bus and BRT Heavy service on this nonstop facility would offer. The report’s authors also 
seemed to not quite understand that priced lanes inherently function as virtually exclusive busways, since 
they frequently mentioned the possibility of bus-only lanes (which would significantly reduce toll revenue 
and under-utilize the bus-only lanes if implemented). 
 
A more realistic approach would be to revamp the Iteration 8 version in several ways. First, use underpasses 
rather than overpasses, to take the “visual eyesore” issue off the table. Second, have both lanes in each 
direction serve cars and buses, to maximize toll revenue without interfering with the flow of express buses. 
Third, instead of comparing capital and operating costs with revenue over a mere 20 years, use the far more 
common 30-year life of toll revenue bonds. Table 3 compares the Iteration 8 numbers from the Tier 1 report 
with revised numbers based on these changes. As can be seen, the projected toll revenue would come close 
to covering both capital and operating costs of the Busway.  
 
Most new-capacity managed lane projects are not expected to be fully self-supporting from toll revenue 
alone. State DOTs typically partner with private-sector developer/operators by providing 20% to 30% of the 
capital costs. If that practice were applied in the case of this Busway conversion, it would be quite feasible in 
terms of current managed lanes practice. 
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Table 3: Busway Express Lanes Comparison 
 Iteration 8 Costs at 20 Years Underpass Version Costs at 30 Years 
Revenue   
Toll revenue $485.5M $728.2M 
Costs   
Construction $427.3M $470.0M* 
O&M $223.8M $335.7M 
Total Cost $651.1M $805.7M 
Net -$165.6M -$ 77.5M 

* Note: Creating underpasses adds 10% to construction costs.   
Source: Author calculations of data from Gannett Fleming, “US 1 Express Lanes Project Development and Environment Study, Tier 1 Concept 
Development & Analysis Technical Memorandum,” Miami-Dade Expressway Authority, December 2012. 

 
Figures 3, 4 and 5 offer conceptual design illustrations for this facility. A 3% grade was assumed on either 
side of each underpass to ensure no degradation in bus performance. A maximum clearance height of 12 feet 
(which would require a design exception from FDOT standards) is sufficient to accommodate transit buses, 
and would hold down the costs of excavation and structure for the underpasses. If underpasses were provided 
at only one-mile intervals, any “roller-coaster” feel would be minimal—but that would require closing off 
about half of the 22 intersections in the 12-mile corridor. Since that is not likely to be acceptable, an alternate 
way to minimize the roller-coaster effect would be to semi-depress the entire corridor (e.g., six feet below 
grade in between the 12-foot depressions needed for underpass clearances). 
  
 

Figure 3: Underpass Cross-Section 

 
 
 
 

Figure 4: Underpass Side View 
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The 12-mile Express/Bus corridor would permit the operation of higher-speed, non-stop Express Bus and 
limited-stop BRT Heavy service. Multi-stop BRT Lite service would not use the underpasses, due to the 
need to stop at most or all of the intersections. Stations would be located strategically at key intersections 
along this corridor, based on transit agency preference. Figure 5 illustrates such a station located just before a 
cross street, at the same level as the cross street. Buses would reach the station by taking an exit lane from 
the Busway prior to the start of the main lanes’ downgrade to the underpass. Buses would rejoin the Busway 
after crossing the signalized intersection (using traffic signal priority and/or a queue jump) via an entrance 
lane. Thus, buses would be decelerating as they ascend to the station at the surface level and would 
accelerate as they descend to rejoin the busway lanes. Note that all facilities could be accommodated within 
the existing 100-foot Busway right of way. 
 
 

Figure 5: Cross-Section at Bus Station 

 
 
 
Current discussions in South Miami-Dade focus on local desires to replace the current mediocre bus service 
with a light rail line using the corridor, which advocates admit would require grade separations at all 
signalized intersections. Even if built at grade along the entire 19.8 miles, at the average new light-rail 
system cost based on the FTA figures in Table A-2, the project would cost $2.1 billion. Adding grade 
separations at all 45 intersections would significantly increase that cost, as would building an entirely 
elevated line. No funding source for such a project has been identified. 
 
By contrast, the Busway conversion to a Managed Arterial offers a number of advantages. Its cost could be 
covered largely by toll revenue from drivers who chose to divert from congested US 1, easing congestion on 
that LOS F arterial. It would increase the Busway’s transit capacity dramatically, by adding true Express 
Bus, BRT Heavy, and BRT Lite services to the largely local bus services now using it. If the transformed 
Busway generated more transit ridership than projected for a light rail line, that would represent a very large 
savings for Miami-Dade County Transit’s always-limited capital improvement budget, which could be 
devoted to other needed projects. And if transit ridership overwhelmed the capacity of all four kinds of bus 
service, that would generate a strong case for a future extension of the existing elevated Metrorail heavy rail 
service southward along the Busway right of way, while retaining the Express/Busway as a congestion 
reliever to US 1. 
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Conclusions 

 
Enhanced bus is more flexible than fixed-rail transit, and can offer comparable service levels when operated 
either on exclusive rights of way or on virtually exclusive rights of way that are kept uncongested by variable 
pricing. Since expressways and major arterials typically serve all parts of suburbanized metro areas, taking 
advantage of these routes for faster and more-reliable enhanced bus service could address transit’s static or 
declining mode share in such metro areas. 
 
This study recommends going beyond the emerging practice of operating express bus service on what 
amounts to the starter segments of region-wide networks of priced managed lanes. It has proposed adapting 
the same principle to selected major arterials, not via adding priced lanes but via adding priced grade 
separations. The combination of these Managed Arterials and the network of expressway managed lanes 
would provide transit agencies with the infrastructure needed for region-wide Express Bus and BRT Heavy 
service—without the transit agency having to fund this new infrastructure. 
 
Another candidate for Managed Arterial treatment is the small number of exclusive busways whose 
performance is hampered by numerous signalized intersections with local streets. One promising example is 
the South Miami-Dade Busway examined in this study. 
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Appendix: Data on Rail Transit Projects 
Since 1970 

 

Table A-1: Changes in Work-Trip Share in New-Rail Metro Areas 
Metro Area and Rail Type Last Pre-Rail Census Pre-Rail 

Transit Share 
2013 Transit 

Share 
Pre-Rail Drive-
Alone Share 

2013 Drive-
Alone Share 

Atlanta* (H) 1970 7.3% 3.1% 68.3% 77.7% 
Austin       (L) 2000 2.5% 2.4% 76.5% 77.1% 
Baltimore  (L) 1990 7.7% 6.8% 70.9% 77.1% 
Buffalo      (L) 1980 6.6% 2.9% 66.6% 82.4% 
Charlotte   (L) 2000 1.2% 1.7% 80.9% 80.2% 
Denver      (L) 1990 4.3% 4.4% 75.4% 75.4% 
Dallas       (L) 1990 2.3% 1.4% 78.6% 80.5% 
Houston   (L) 2000 3.2% 2.4% 77.0% 79.7% 
Los Angeles  (H/L) 1990 5.6% 5.8% 71.7% 74.1% 
Miami      (H) 1980 4.4% 4.1% 72.6% 77.8% 
Minneapolis   (L) 2000 4.2% 4.6% 78.3% 78.4% 
Nashville   (L) 2000 0.8% 1.0% 80.6% 82.8% 
Phoenix     (L) 2000 1.9% 2.6% 74.6% 76.5% 
Portland    (L) 1980 7.9% 6.4% 65.3% 70.7% 
Riverside  (C) 1990 0.8% 1.5% 74.6% 76.8% 
Sacramento  (L) 1980 3.4% 2.6% 75.3% 75.1% 
San Diego    (L) 1980 3.3% 3.2% 63.8% 75.8% 
Seattle          (L) 2000 7.0% 9.3% 71.6% 69.7% 
San Francisco*  (H) 1970 15.9% 16.1% 57.9% 59.9% 
San Jose      (L) 1980 3.1% 4.2% 72.4% 75.9% 
Salt Lake City  (L) 1990 3.3% 3.2% 75.5% 75.0% 
St. Louis       (L) 1990 2.9% 2.9% 79.4% 83.2% 
Washington, D.C.*  (H) 1970 15.5% 14.2% 54.2% 66.1% 
Average   5.0% 4.6% 72.3% 76.0% 

Source: Census Bureau American Community Survey 2013 and previous Census data 

*1970 drive-alone data not available; used 1980 for these metro areas 

Note: C = commuter rail, H = heavy rail, L = light rail 
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Table A-2: Capital Cost of Recent Rail Transit Projects 
Metro Area Project Type Capital Cost 

($M) 
Route Miles Cost/Mile ($M) 250-Mile System 

Cost ($B) 
New York* 2nd Ave. 

Subway 
Heavy $4,887* 2.3* $2,125* $531.2B* 

Los Angeles Westside Heavy $5,129 8.9 $576 $144.0B 
Washington, D.C. Silver Heavy $3,143 11.7 $269 $67.2B 
San Jose BART Heavy $2,218 10.2 $217 $54.2B 
Total/Average*  Heavy $10,490 30.8 $354 $88.5B 
Phoenix Central Mesa Light $190 3.1 $61 $15.2B 
Sacramento South Light $262 4.3 $61  $15.2B 
San Diego Mid-Coast Light $1,596 10.9 $146 $36.5B 
Baltimore Red Light $2,219 14.5 $153 $38.2B 
Washington, D.C. Purple Light $1,926 16.3 $118 $29.5B 
Minneapolis Southwest Light $1,221 15.8 $77 $19.2B 
St. Paul Central Light $957 9.8 $98 $24.5B 
Charlotte Blue Light $989 9.3 $106 $26.5B 
Portland Milwaukee Light $1,229 7.3 $168 $42.0B 
Dallas NW/SE Light $1,406 21.0 $67 $16.8B 
Houston North Light $756 5.3 $143 $35.8B 
Houston Southeast Light $823 6.7 $123 $30.8B 
Salt Lake City Draper Light $194 3.8 $51 $12.8B 
Total/Average   $13,768 128.1 $105.5 $26.4B 

*Totals/average excluding New York, which is an outlier 

Source: Federal Transit Administration 2013 New Starts Report 
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