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ABSTRACT 47 
Many agencies around the U.S. are implementing transit preferential treatments, including transit 48 
signal priority (TSP), queue jumps, and queue bypass lanes, for transit vehicles operating in 49 
mixed traffic on arterials (e.g., bus or streetcar). However, the benefits and disadvantages of 50 
these treatments have not yet been quantified using a comprehensive corridor travel time 51 

analysis. This paper focuses on a VISSIM study of an existing transit corridor in Fort 52 
Lauderdale, Florida and generalizes the results for application to other sites. The assumptions of 53 
the study included average transit headways of five minutes, a 100-second signal cycle length, 54 
and that transit vehicles would always call for priority (either red truncation or green extension) 55 
at intersections with TSP. Each treatment was tested using volume-to-capacity ratios of 0.5, 0.8, 56 

and 1.0, and the performance measures included transit vehicle travel time, travel time for all 57 

approaching vehicles, and total intersection delay for all vehicles. 58 

The results indicate that transit stop location, volume-to-capacity ratio, and type of 59 
treatment each have a significant effect on all three performance measures tested. Some of the 60 
principal findings are: a far-side transit stop can reduce transit vehicle travel time by up to five 61 
percent over a near-side stop, providing TSP in one direction tends to provide less negative 62 

effects to side-street traffic than if TSP is provided in both directions, and queue jumps and 63 
queue bypass lanes provide negligible benefits if the volume-to-capacity ratio of an approach is 64 

0.8 or less. 65 

 66 

 67 

 68 
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INTRODUCTION 82 
With transportation demand outpacing capacity expansion in many regions, transportation 83 
networks and roadways are facing increasing congestion. The provision of transit-supportive 84 
strategies to reduce travel time, improve reliability, and provide operational cost savings is 85 
becoming increasingly important. Transportation management measures that obtain more 86 

capacity out of existing resources must be explored in order to provide financially viable 87 
transportation solutions.  88 

Most transit and highway/traffic agencies still have neither formal transit preferential 89 
treatment programs nor formal intergovernmental agreements with respect to planning, design, 90 
construction, operations/maintenance, and performance monitoring of treatments. Research is 91 

needed to determine the benefits of a particular transit preferential treatment strategy so that 92 

these agencies can make decisions about implementation. 93 

 94 

Detailed Description of Transit Preferential Treatments 95 
Transit preferential treatments include: (1) intersection treatments such as transit signal priority, 96 
special signal phasing, queue jump lanes and signals, and queue bypass lanes; and (2) roadway 97 

segment treatments such as exclusive or shared transit lanes within the travelled way, exclusive 98 
transitways (typically in the median), and corridor signal progression favoring transit operations. 99 

This paper focuses on three major intersection treatments and how these can be applied along a 100 
transit corridor. 101 
 102 

Queue Jump 103 
A queue jump is a phase insertion treatment intended to exclusively serve transit vehicles 104 

stopped at a red signal and positioned at a near-side stop in a right-turn lane. During the red 105 
phase, passengers may board and alight the transit vehicle. The vehicle is then given a green 106 

signal in advance of the adjacent lanes, allowing the vehicle to merge back into a through travel 107 
lane ahead of the queued traffic in the adjacent lanes. Typically, the time for this phase is 108 

allocated from the parallel general traffic movement and lasts three to four seconds. The 109 
treatment is also possible at far-side stop locations, where it would be located in the curb-side 110 
through-movement lane. The left-hand images in Figure 1 provide a diagram of the queue jump 111 

with a near-side bus stop (1). 112 
 113 
Queue Bypass Lane  114 
A queue bypass lane is a geometric design treatment in conjunction with a far-side stop. Similar 115 

to the queue jump, the transit vehicle approaches the intersection in the curb-side right-turn lane. 116 

The bypass lane is aligned directly opposite the right-turn lane, which allows transit vehicles to 117 

move into the lane and have passengers board and alight without hindering other mainline 118 
through-movement traffic. Unlike the queue jump, the queue bypass lane does not use an 119 
exclusive transit signal phase. The right-hand images in Figure 1 display a diagram of a queue 120 
bypass lane with a far-side bus stop (1). 121 
 122 

 123 
 124 
 125 

 126 



 

 

Bugg, Crisafi, Lindstrom, and Ryus  4 

    4 

 127 

 128 
FIGURE 1  Queue Jump and Bypass Lane Illustration. (1) 129 
 130 
Transit Signal Priority 131 
Transit signal priority (TSP) is a signal timing treatment which prioritizes transit vehicle 132 

movement at signalized intersections through two primary functions: 133 

 Green extension, which allows a transit vehicle that is approaching an intersection toward 134 
the end of the green phase to extend the green by enough time to pass through the 135 
intersection; and 136 

 Early green (also called red truncation), which begins the green phase earlier when a 137 

transit vehicle is waiting at a red signal. 138 
Theoretically, TSP can be implemented at any or all legs of a signalized intersection. For 139 
purposes of this research, transit signal priority was considered in one or both directions of the 140 
mainline street. In practice, TSP may not be used for every transit vehicle—for example, it may 141 

only be called when an approaching transit vehicle is running behind schedule—this is known as 142 
conditional TSP. For purposes of this research, TSP was assumed to be unconditional, i.e., it is 143 
called for every transit vehicle. 144 

 145 
 146 

Queue Jump            Queue Bypass Lane 
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Research Objective 147 
The following are the objectives of this research: 148 

1. To understand the effect of selected transit preferential treatments on transit and non-149 
transit vehicle travel time, and  150 

2. To develop decision-making guidance for operational planning and functional design of 151 

transit preferential treatments on arterials. 152 
Much of the research presented here is called for in comprehensive overviews of transit-153 
supportive roadway strategies such as TCRP Report 165, TCRP Synthesis 83, and NCHRP 154 
Report 155 (1, 2, 3). The reader will be referred to these documents to achieve a more detailed 155 
description of the function and design of the transit preferential treatments presented in this 156 

paper. 157 

This paper is organized as follows: literature review, methodology, results, conclusion, 158 

and references. 159 

 160 
Literature Review 161 
To date, no corridor-focused microsimulation studies of transit preferential treatments have been 162 

documented. However, a 2014 microsimulation study by Cesme et al. of several transit 163 
preferential treatments at an isolated intersection found that far-side stops can reduce transit 164 

vehicle delay by 30 seconds compared to near-side stops. The study also found that TSP can 165 
substantially reduce transit vehicle delay when the v/c ratio is high, but benefits are minimal 166 
when the v/c ratio is low (4).   167 

There is much literature on best practices to design and operate transit preferential 168 
treatments at intersections and along corridors, and many of these studies have generated a range 169 

of travel time savings for transit and non-transit vehicles under a variety of scenarios. TCRP 170 
Synthesis 83: Bus and Rail Preferential Treatments in Mixed Traffic began the process of 171 

obtaining information on the type and extent of recent urban street transit preferential treatment 172 
implementation in North America and identified key areas for future research (2). It provided a 173 

partial update of NCHRP Report 155: Bus Use of Highways: Planning and Design Guidelines 174 
(3). 175 

The Transit Capacity and Quality of Service Manual (TCQSM) provides sections on bus 176 

preferential strategies, bus operational strategies (e.g., stop consolidation, turn restrictions), and 177 
rail strategies (1). Building on TCRP Synthesis 83’s discussion of infrastructure strategies, the 178 
TCQSM presents warrants and conditions for applying these strategies based on previous studies 179 
in the literature, particularly NCHRP Report 155 (3). TCRP Report 26 and TCRP Research 180 

Results Digest 38 developed analytical tools for evaluating the impact of several different bus 181 

lane types (including mixed traffic operations), passive signal priority, and bus stop spacing on 182 

bus speeds (5, 6). These reports utilized the performance measure travel time rate (e.g., minutes 183 
per mile) to evaluate the impact of strategies. The U.S. Department of Transportation produced 184 
Transit Signal Priority: A Planning and Implementation Handbook to provide technical guidance 185 
on implementing a successful TSP project (7). It reports corridor travel time savings that have 186 
been achieved due to TSP (ranging from 9 to 16% in the studied cities), as well as reductions in 187 

travel time variability.  188 
Many studies of the quantitative benefits of transit preferential treatments have concerned 189 

implementation in specific cities. TriMet and the City of Portland, Oregon implemented a 190 

package of transit preferential strategies—TSP, stop consolidation, and bus pullout removal—to 191 
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12 “streamlined” bus routes. Comparing route performance in 2005 to 2000 (8), the streamlined 192 
routes were 0.8 minute faster, while nine similar non-streamlined routes were 1.3 minutes 193 
slower. Albright and Figiliozzi studied the effect of TSP performance on a congested arterial 194 
corridor in Portland, Oregon, focusing on conditional TSP (9). The paper concluded that TSP 195 
seems to be more effective in bus routes with severe lateness and at intersections with lower 196 

volumes and without significant queuing. Additionally, the research showed that TSP 197 
effectiveness (evident at the stop and intersection level) can be “hidden or evened out when 198 
analyzing effectiveness at a route level.” It is therefore important to evaluate TSP on both a 199 
corridor level and intersection level. Rephlo and Haas describe TSP implementation along a 9.8-200 
mile segment of an arterial in Sacramento, California that experiences traffic volumes exceeding 201 

100,000 vehicles per day in some sections (10). Bus travel time decreased by 4% along the 202 

corridor and bus reliability improved during one-third of the time periods studied. Mobility 203 

increased along the corridor but decreased for cross-street movements, although the authors 204 
advise interpreting those results with caution due to data collection issues. Narrigan et al. studied 205 
a series of improvements, including TSP implementation and rerouting, on one of the busiest bus 206 
routes in Springfield, Massachusetts (11). The combination of improvements reduced travel 207 

times from 45 minutes to 30 minutes, but the paper did not isolate the proportion of the time 208 
savings attributable to TSP.  209 

An International Association of Public Transport (UITP) working group reviewed TSP in 210 
29 cities around the world (12). Each of the cities surveyed gave a positive review of their 211 
system, and a wide range of benefits were reported; for example, travel time savings of between 212 

2 and 24% were reported. A Federal Transit Administration (FTA) report on implementing TSP 213 
includes two case study corridors in the San Francisco Bay Area (13). The study showed the 214 

benefit of TSP was highest at intersections where buses were stopped for 30% of more of the 215 
traffic signal cycle length and decreased as the percentage of stopped time decreased. On-time 216 

performance improved by four to six percentage points, and average schedule deviation at the 217 
route end decreased by one to two minutes. Impacts to major and minor street delay were 218 

statistically or practically insignificant when the volume-to-saturation (v/s) ratio (the proportion 219 
of green time required to serve vehicular demand) was 0.7 or less. At higher v/s ratios, major 220 
street delay was reduced 9–27%, while minor street delay increased an average of 8%. 221 

 222 

METHODOLOGY 223 
The following sections describe the methodology used to develop the travel time models, 224 
including data collection, model development, and scenario development.  225 
 226 

Data Collection and Extraction 227 
At least two methods were available to develop a model framework for travel time through 228 
various transit preferential treatments: 229 

 Empirically, through the use of field data from transit vehicles. This would rely on 230 

collecting travel time information from transit vehicles at various intersections with a range of 231 
preferential treatments (or none at all) in order to test all random variables. However, the number 232 
of intersections with some transit preferential treatments, especially transit signal priority, is 233 
limited, and conducting a fully controlled experiment with field data would likely be time-234 
consuming and expensive.  235 
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 Using data from microsimulation, through the use of a microsimulation model. The 236 
research team chose this method because it allows for all variables to be tested without requiring 237 

a large amount of field data for calibration.  238 

Site Selection 239 
A 1.3-mile segment of Broward Boulevard in Fort Lauderdale, Florida was chosen as a testing 240 
ground for model scenario development (Figure 2). This site was chosen for its arterial nature 241 
and because it includes both congested and uncongested signalized intersections. While this 242 
corridor was selected as a testbed, the fully-developed model was not intended to simulate the 243 
existing or potential operations of Broward Boulevard—adjustments to volumes, driveways, and 244 

lane configurations were made in order to create the necessary environment for the experiment. 245 

All transit vehicles were modeled as buses and will be referred to as such for the remainder of 246 

this paper. 247 
 248 

 249 
FIGURE 2  Model Corridor on Broward Boulevard. (14) 250 
 251 

Scenario Development 252 
This section describes the development of various scenarios to be tested in VISSIM, including 253 

the transit preferential treatments, traffic volume levels, transit headways, and performance 254 
measures. 255 
 256 

Treatments 257 
The following scenarios were developed in the VISSIM model to maximize the applicability of 258 
the results: 259 

 Near-side versus far-side stop locations: to compare the effect of stop location (either 260 
near-side or far-side) at the subject intersection.  261 

 Queue jump: to compare the effect of adding a queue jump and the accompanying transit 262 
signal phase at the subject intersection. The queue jump can be implemented at a location with 263 
either a near-side or far-side stop, so both of these scenarios were developed. 264 

 Queue bypass lane: to compare the effect of adding a queue bypass lane at the subject 265 
intersection. A queue bypass lane can only be implemented at a location with a far-side stop. 266 

 Transit signal priority: to compare the effect of adding TSP to the major street through-267 
movements at the subject intersection. Scenarios with either one-way or two-way TSP were 268 
developed. 269 
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Queue jumps and bypass lanes were only tested for the intersection-level analysis because they 270 
tend to be less-frequently implemented on a corridor-level basis due to geometric constraints and 271 
isolated benefits. Alternatively, the main focus of the corridor-level analysis was to test different 272 
forms of TSP implementation, including direction, number of intersections, and general level of 273 
congestion at the intersections where it is implemented. 274 

 275 
Volumes 276 
It is useful to understand the effect of various treatments at varying levels of congestion, as 277 
certain benefits could be lost or gained during peak or off-peak travel periods. To model different 278 
levels of congestion, turning movement volumes were scaled proportionally to achieve the 279 

following volume-to-capacity (v/c) ratios at different intersections along the corridor: 280 

 v/c = 0.50 281 

 v/c = 0.80 282 

 v/c = 1.00 283 
In each case, the v/c ratio shown is the weighted average of all intersection approaches. Testing 284 

the scenarios at this range of v/c ratios is intended to simulate a range of intersections or travel 285 
periods, e.g. the v/c = 0.50 case is intended to represent a minor intersection or off-peak period, 286 

while the v/c = 1.00 case is intended to represent a major intersection during peak travel times. 287 
 288 
Transit Headways 289 

Some of the treatments tested affect the signal timing and phasing of the intersection. Therefore, 290 
the frequency at which those treatments are activated becomes a contributing factor to 291 

operational performance. When the authors originally experimented with the VISSIM model, bus 292 

headways of 5, 10, and 15 minutes were used. However, headways larger than 5 minutes tend to 293 

take a very long simulation period to achieve an acceptable sample size. Therefore, only the 294 
results for 5-minute headways (i.e., 12 buses per direction per hour) are reported in this paper.  295 

 296 
Intersection-level Method 297 
At the intersection level, transit preferential treatments are only applied to a single intersection to 298 

identify effects at a point location. To simulate the effect of upstream and downstream signals 299 
within a corridor, three intersections were simulated: 300 

 W Broward Boulevard / 9
th

 Avenue 301 

 W Broward Boulevard / 7
th

 Avenue 302 

 W Broward Boulevard / 5
th

 Avenue 303 
For all intersection-level scenarios, the central intersection (W Broward Boulevard / 7

th
 Avenue) 304 

served as the subject intersection where all transit preferential treatments were tested, while the 305 
two adjacent intersections served to help meter traffic volume so that operations could be 306 
realistically modeled at the central intersection. 307 

 308 
Corridor-level Method 309 
Unlike the intersection-level analysis, the overall corridor was not modeled at various levels of 310 
v/c ratio. Instead, the various intersections and their respective v/c ratios were used to provide 311 
the cross-section of effects that congestion plays with respect to intersection performance under 312 
TSP implementation. The following scenarios were developed for the corridor-level analysis: 313 

 Existing –no TSP implementation. 314 
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 Major Ints –TSP implemented at two major intersections (both with v/c ≥ 0.9); 315 

 Mod Ints –TSP implemented at three moderately-congested intersections (with v/c 316 
between 0.6 and 0.9); 317 

 Minor Ints –TSP implemented at two minor intersections (both with v/c ≤ 0.6); 318 

 ALL –TSP implemented at all seven signalized intersections; and 319 

 2-min HW – same simulation as ALL but bus headways are reduced to 2 minutes in order 320 
to represent an “overload” condition where there is a perpetual signal demand to provide bus 321 
priority. 322 

Table 1 shows the intersections where TSP was implemented by scenario. It also 323 
indicates whether each intersection contains an upstream or downstream stop in either direction. 324 

 325 

TABLE 1  TSP Intersection Implementation by Scenario and Stop Location 326 

Signalized  

Intersection 

Corridor Scenario EB Stop Location WB Stop Location 

Existing 
Major 

Ints 
Mod 
Ints 

Minor 
Ints 

ALL 
2-min 
HW 

Near-side Far-Side Near-side Far-side 

15th Ave 
       

X1,2 

 
X 

14th Ave 
 

X 
  

X X 
  

X1 

 

11th Ave 
  

X 
 

X X 
 

X 
 

X1 

9th Ave 
  

X 
 

X X X 
 

X 
 

7th Ave 
 

X 
  

X X X 
 

X 
 

5th Ave 
   

X X X X 
 

X 
 

1st Ave 
   

X X X 
    

Andrews Ave 
  

X 
 

X X 
 

X 
  

3rd Ave 
      

X 
  

X2 

1
Stop has a bus pull-out bay. 327 

2
Stop is modeled with a large mean dwell time and standard deviation to provide variability of 328 

bus arrival during the cycle downstream. 329 
 330 

Model Development 331 
Some of the treatments tested required unique calibration of the VISSIM ring barrier controller 332 

(RBC). This section describes the methods used to develop the microsimulation model. 333 
 334 

Queue Jump 335 
Programming a queue jump in the RBC controller requires adjusting the ring-barrier diagram to 336 

include the “bus phase.” Figure 3 below shows the ring-barrier diagrams for an intersection with 337 
and without the queue jump. 338 
 339 
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 340 
FIGURE 3  Ring-barrier diagram showing typical cycle (top) and queue jump 341 

programmed cycle (bottom). 342 
 343 

These bus phases (Φ9 and Φ10) are placed before their parallel green movements and are 344 
only activated if a bus is stopped at the intersection in the right-turn lane. The bus phases do not 345 
activate concurrently but rather serve a first-in/first out programming. Thus, when these phases 346 

are served, all other phases are red, and only buses (i.e. no right-turning cars) are permitted. 347 
Considering the purpose of the bus phase is intended to allow the bus to pull ahead of the traffic 348 

platoon, the duration of the phase can be minimal. For the purposes of this effort, a four-second 349 
phase of green time followed by three-second yellow clearance was used for Φ9 and Φ10. 350 
 351 

Transit Signal Priority 352 
TSP adjusts the length of green times within the cycle to provide benefit to transit. This is done 353 

to simulate the two mechanisms of TSP (green extension and early green). The authors 354 
implemented a check-in/check-out detection method in VISSIM, described as follows:  355 

 Green Extension: Green extension is a function developed for buses arriving at the signal 356 
towards the end of the green time. The extension provides the extra time needed to help the bus 357 

clear the intersection. The RBC controller codes for green extension by establishing an “Extend 358 
Limit,” which is the maximum number of seconds the green time will extend beyond the yield 359 
point before terminating the phase, given a bus checks in a TSP call. All scenarios were coded 360 
for a maximum of 10-second extensions. 361 

 Early Green: Early green is a function developed for buses arriving at the signal on red. 362 

The TSP request is intended to shorten phases as needed and, if possible, give an early green 363 
phase to the bus. The RBC controller will produce an early green by truncating (no phases are 364 
omitted) to the extent needed without violating minimum phase time (both vehicle and 365 

pedestrian). The “Priority Min Green” table can set additional minimum phase times that exceed 366 

the global and plan minimums; this table is useful for certain phases that may require more green 367 
time than the minimum timing would permit (e.g., a heavy protected left turn movement). 368 
Without establishing priority min green times, side street operations can become substantially 369 
degraded. 370 

 Detector Plan: Setting up the detector plan for the check-in/check-out configuration is 371 
dependent upon whether stops are located near-side or far-side. The basic premise for this 372 

configuration is as follows: 373 
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1. The bus triggers a TSP call by traveling over the “check-in” detectors upstream of 374 
the intersection, which requests TSP service on a particular approach. 375 

2. The signal controller works to service the TSP call until the bus reaches the 376 
“check-out” detectors located past the stop bars of the approach. 377 

3. Once a bus passes the “check out” detectors, the TSP call is dropped, and the 378 

signal recovers back into coordination. 379 
For near-side stops, the detector plan is shown in the VISSIM screenshot on the top of Figure 4. 380 
The “check-in” detectors are located at the end of the bus stop and are only activated when the 381 
bus is departing the stop (i.e., the detector is not triggered during boarding/alighting). 382 

For far-side stops, the detector plan is shown in the VISSIM screenshot on the bottom of 383 

Figure 4. The “check-in” detectors are located upstream of the intersection, since the bus will not 384 

stop for boarding/alighting near-side. The distance upstream is determined by approximating the 385 

distance the average bus will travel during the “Extend Limit” programmed. This distance was 386 
estimated from the average travel speed of buses and the ten-second extend limit. The results 387 
would be the same if a presence (continuous call) detection technology was used. 388 

 389 

 390 

 391 
FIGURE 4  Far-side bus stop TSP detector layout. 392 
 393 
Simulation Process 394 
Each scenario was simulated in VISSIM for 30 runs using unique traffic seeding to produce a 395 
statistical distribution of results. An individual scenario “run” is a total of 90 simulated minutes, 396 

which is broken into the following periods: 397 
1. 15-minute “warm-up” period – this allows the model to be fully populated with traffic 398 

and for traffic signals to start up and run the expected timings. 399 

Near-side 

Far-side 
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2. 60-minute data collection period – this is the time period where all performance measures 400 
are captured. 401 

3. 15-minute stabilization period – this time ensures that traffic is present continuously until 402 
the end of the data collection period. 403 
After runs were completed, performance metrics were analyzed for traffic during the 60-minute 404 

data collection period for all traffic, non-bus traffic, and buses individually. The chief 405 
performance metrics extracted from the simulation were control delay, broken down by 406 
approach, vehicle class (i.e. bus or non-bus), and total intersection delay. 407 
 408 

Statistical Analysis 409 
A t-test for independent means was used to compare the mean travel times or intersection delays 410 

over the 30 runs for each treatment with the base scenario (no treatment). A significance level of 411 

α=0.05 was used to test the null hypothesis that the mean travel time (or intersection delay) was 412 
unchanged after the addition of each treatment. 413 

 414 

RESULTS 415 
This section explains the results of the model development, including the intersection- and 416 
corridor-level results.  417 

 418 

Intersection-level 419 
For the intersection-level analysis, Table 2 shows the percent change in travel time, for all 420 

arterial vehicles and for buses only, after each treatment is added in isolation, as well as the 421 
percent change in intersection delay for all vehicles. While the effect of these treatments on bus 422 

and non-bus travel time is the main focus of this paper, the intersection delay metric provides a 423 
picture of how each treatment may affect side-street vehicles. The following treatments were 424 

tested on an individual intersection level: 425 

 Moving the stop to the far side 426 

 Adding TSP in both directions 427 

 Adding TSP in one direction 428 

 Adding a queue jump 429 

 Moving the stop to the far side and adding a queue bypass 430 

 Moving the stop to the far side and adding TSP in both directions 431 

 Moving the stop to the far side and adding TSP in one direction 432 
Each scenario was tested at three levels of v/c ratio (0.5, 0.8, and 1.0). 433 

  434 
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TABLE 2  Results (Base Case is Near-side Stop with No Treatment) 435 

Treatment (V/C = 0.5) 
%Change in Travel Time %Change in Intersection 

Delay All Arterial Vehicles Buses 

Move stop to far-side -1.5 -1.3 -2.4 

Add TSP (both directions) -1.4 -1.5 +1.6 

Add TSP (one direction) -1.1 -1.5 +1.2 

Add queue jump +2.8 NS* +2.0 

Move stop to far-side and add queue bypass -1.8 -1.4 -2.9 

Move stop to far-side and add TSP (both directions) -2.3 -3.1 -0.8 

Move stop to far-side and add TSP (one direction) -3.3 -3.3 -1.6 

Treatment (V/C = 0.8) 
%Change in Travel Time %Change in Intersection 

Delay All Arterial Vehicles Buses 

Move stop to far-side -1.3 -1.8 -3.8 

Add TSP (both directions) -1.4 -1.5 +3.8 

Add TSP (one direction) -2.7 -1.7 -1.9 

Add queue jump +4.9 -0.8 NS 

Move stop to far-side and add queue bypass -2.2 -2.5 -4.4 

Move stop to far-side and add TSP (both directions) -2.3 -4.1 -0.6 

Move stop to far-side and add TSP (one direction) -3.9 -4.2 -5.0 

Treatment (V/C = 1.0) 
%Change in Travel Time %Change in Intersection 

Delay All Arterial Vehicles Buses 

Move stop to far-side NS -4.6 -6.6 

Add TSP (both directions) -2.6 -4.0 NS 

Add TSP (one direction) -4.3 -5.2 NS 

Add queue jump +5.5 -3.4 +2.6 

Move stop to far-side and add queue bypass -2.2 -5.3 -8.0 

Move stop to far-side and add TSP (both directions) -2.6 -7.4 -5.8 

Move stop to far-side and add TSP (one direction) -5.5 -7.4 -5.3 

*NS = not a statistically significant effect (alpha=0.05) 436 
 437 
The table indicates that the greatest benefit to the travel time of all arterial vehicles was to move 438 
the stop to the far-side and add TSP in one direction; the same holds if only buses are considered. 439 

Adding a queue jump tended to result in a slight increase in travel time when all vehicles were 440 
averaged, and it did not have a significant effect on travel time or intersection delay unless the 441 
v/c ratio was equal to 1.0. When total intersection delay (including side-street delay) was 442 

considered, the greatest benefit (regardless of v/c ratio) occurred when the near-side stop was 443 
moved to the far-side and TSP was added in one direction. 444 

Moving the stop to the far-side resulted in a significant decrease in travel time for buses 445 
and non-buses for all levels of v/c ratio; the travel time decrease was compounded when a 446 
treatment such as queue bypass or TSP was added. Adding TSP to a near-side stop resulted in an 447 
increase in overall intersection delay, but the increase was less significant as v/c ratio increased. 448 
When the v/c ratio was equal to 1.0, all treatments resulted in a statistically significant decrease 449 
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in bus travel time (ranging from 3.4 to 7.4 percent), but only one treatment (adding a queue 450 
jump) resulted in an increase in intersection delay. This is consistent with some results presented 451 
in Cesme et al. (4), but the results are not as dependent upon v/c ratio as those presented in 452 
Cesme et al. 453 

Compared with TSP in both directions, adding TSP in one direction resulted in more 454 

pronounced travel time benefits and had a greater effect on non-bus travel time than bus travel 455 
time. Additionally, when the stop was moved to the far-side and TSP was added, adding TSP in 456 
one direction tended to equalize the travel time benefit to buses and non-buses.  457 

When the stop was moved to the far-side, adding TSP tended to result in a decrease in 458 
overall intersection delay, and adding a queue bypass also tended to decrease overall intersection 459 

delay. When westbound TSP was eliminated, the travel time benefit of TSP became more 460 

pronounced—this is similar to the results presented by Cesme et al. (4). Removing the 461 

westbound TSP had a greater effect on non-bus travel time than bus travel time. For the 462 
treatment of moving the stop to the far-side and adding TSP, eliminating westbound TSP tended 463 
to equalize the travel time benefit to buses and non-buses.  464 

 465 

Corridor-level 466 
This section describes the results of the corridor-level analysis, including the effect of each 467 

corridor treatment on average intersection delay, side-street delay, and travel time for both buses 468 
and non-buses. 469 
 470 

Average Intersection Delay 471 
Figure 5 displays the results of the corridor-level analysis in terms of average intersection delay 472 

(including side-street delay). In terms of all traffic, the only scenario that resulted in a decrease in 473 
average intersection delay relative to Existing was Mod Ints, indicating that TSP is most effective 474 

when implemented at moderately congested intersections along a corridor. It is further noted that 475 
treating just the Mod Ints intersections with TSP resulted in slightly lower bus delay as the 476 

scenario with all intersections being treated with TSP. Additionally, the average intersection 477 
delay for 2-min HW was 11% greater than that of the Existing scenario, indicating that frequent 478 
calls for TSP (nearly every cycle) may disrupt traffic operations and not provide any benefit for 479 

buses. 480 
 481 
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 482 
FIGURE 5  Average Intersection Delay for Corridor Results. 483 
 484 
Intersection delay only slightly fluctuated between scenarios when all traffic was considered, 485 

except at 7
th

 Avenue. This is likely because 7
th

 Avenue has the heaviest cross-street volumes of 486 
the treated intersections, and that intersection tended to drive the overall results. 487 
 488 

Travel Time 489 
Figure 6 displays the change in arterial travel time (compared to the Existing scenario) associated 490 

with each treatment.  491 

 492 

 493 
FIGURE 6  Change in Average Corridor Travel Time (Both Directions). 494 

 495 
As shown, when TSP is implemented at major and moderate intersections, travel time improves 496 
for all traffic. The 2-min HW scenario shows an 8.3% increase in average bi-directional travel 497 
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time, likely due to high bus volume increasing the blockage of curb-side lanes and relatively 498 
slower speeds compared to the rest of the traffic stream. 499 

For buses, travel time (average of both directions) was lowest for the ALL scenario and 500 
highest for the 2-min HW scenario. As expected, implementing TSP at all intersections resulted 501 
in the lowest bus travel time, but implementing TSP only at the moderate intersections resulted 502 

in nearly the same reduction in bus travel time, suggesting a more cost-effective strategy.  503 
 504 

CONCLUSIONS 505 
The modeling efforts described in this paper indicate that a system of transit preferential 506 
treatments can be successfully modeled within the VISSIM microsimulation program and 507 
produce statistically significant results. 508 

The intersection-level modeling efforts support the conclusion that in terms of decreasing 509 
travel time for buses, using a far-side stop with TSP in one direction was the most effective 510 

transit preferential treatment. This treatment reduced bus travel time by 3 to 7 percent while also 511 

reducing travel time for non-buses on the same approach without causing substantial delay to 512 
side street vehicles. The queue bypass lane was also an effective treatment and tended to reduce 513 
bus travel time by 1 to 5 percent. The queue jump was not as effective and tended to increase 514 

side street delay due to the phase insertion. 515 
The corridor-level results suggest that TSP is most effective as a corridor treatment when 516 

it is only implemented at moderately congested intersections (with v/c ratios of 0.6 to 0.9). This 517 
scenario resulted in similar bus travel times and intersection delays as when TSP was 518 
implemented at all intersections (regardless of v/c ratio), which indicates that targeted TSP 519 

implementation at moderately congested intersections is a cost-effective strategy. Consistent 520 

with the literature, TSP provides less travel time benefits to buses at less-congested intersections, 521 

but the findings here indicate that TSP may also not be beneficial at highly congested 522 
intersections (with v/c ratios greater than 0.9) because it can strongly degrade side street traffic 523 

operations. 524 
The corridor-level results also indicate that when TSP is requested nearly every cycle (as 525 

simulated by 2-minute headways), it is disruptive to traffic operations of all vehicles, including 526 

buses. The authors recommend that future research efforts incorporate a more detailed study of 527 
the effect of transit headways on traffic operations at intersections and corridors with TSP. 528 
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