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IMPLEMENTATION STATEMENT 

The following report is the second interim report for project 1278. This report contains 
the evaluation of two computer programs used for modeling LRT in urban networks. One of the 
programs evaluated was the Federal Highway Administration 1 s NETSThl, and the second was a 
program known as TransSim II™, which is a proprietary program made available by JRH 
Transportation Engineering. Both programs were evaluated independently for their ability to 
evaluate automobile and LRT performance in several field study environments. This report 
presents the results of the tests conducted with both programs and points to the role of ~ch in the 
final product of the research, a tool for analyzing LRT placement and operations alternatives. 

The completed research, of which this interim report forms a part, will provide engineers 
with a methodology and computerized procedure for assessing the impacts of an LRT system on 
a signalized urban arterial street network. By analyzing various configurations of roadway and 
trackage geometrics and signalization alternatives, the engineer can make decisions for the 
optimum LRT placement and signal operations in an efficient and organized fashion. 
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Summary 

As the engineering and planning communities continue their progress toward managed and 
integrated transportation systems, transit will play an increasing role. Light rail transit (LRT) has 
already been selected and implemented by 15 United States cities as a rail transit alternative. As new 
or expanded systems are planned and designed, it is essential that engineers are able to make the best 
decisions for LRT placement and operations. This research investigates the use of the Federal 
Highway Administration1s NETwork SIMulation (NETSIM) program and JRH Transportation 
Engineering's TransSim Il™ as tools for agencies interested in planning and developing LRT systems. 
NETSIM is one of the few available traffic analysis programs with the flexibility to model the 
operations and mobility impacts of transit. Similarly, TransSim II™ can model the impacts of transit 
and was specifically developed for this purpose. 

To evaluate NETSIM and TransSim n™ for simulating and providing accurate descriptive 
measures of performance for LRT and traffic in pretimed and actuated arterial networks, researchers 
compared outputs from the models with real-world field data from Los Angeles and Long Beach, 
California and Portland, Oregon. The results indicated that the models could produce moderately 
accurate measures of stopped delay and percent stops for individual intersections within studied 
networks. On a system-wide basis, the models produced reasonably reliable, accurate estimates of 
network travel times and could reproduce most traffic characteristics observed in the field. The 
models performed well in simulating the control impacts and behavior of LRT in the modeled 
systems. As with traffic, the modeled system-wide travel times were representative of the field data 
and the individual intersection measures from the models were assessed as moderate predictors of the 
fieldMOEs. 
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Chapter One - Iniroduction 

INTRODUCTION 

Congestion in freeway and arterial street networks is an increasing problem in urban areas 
throughout the country. In an effort to abate the excess fuel consumption, automobile emissions, and 
delays to road users brought about by congestion, cities are pursuing rail transit alternatives. In 
Texas, for instance, Houston has examined and is presently developing commuter rail, and Dallas is 
presently constructing the Dallas Area Rapid Transit light rail transit line. Among the rail transit 
alternatives of commuter rail, heavy rail, and light rail, light rail is the cheapest and most flexible due 
to its ability to operate at grade and even in mixed operations with street traffic. 

When in the process of planning a future light rail transit (LRT) system, or even for examining 
operational alternatives for an existing LRT system, it is essential that tools be available to assess the 
impacts of transit on the existing transportation system. These effects are described by measures of 
effectiveness (MOEs), which include delay to motorists and transit riders, fuel consumption, 
emissions, and overall mobility. With such information, it is possible to select the best alternatives 
for implementation ofLRT. To produce the necessary database ofMOEs, models that simulate the 
LRT system operations are used. The models can range from mathematical procedures to computer 
simulation. To efficiently process the necessary information and maintain records of the myriad 
variables describing the interaction between drivers, vehicles, and the roadway, researchers used 
computer simulation. 

For traffic engineering applications, the Federal Highway Administration's NETSIM 
(NETwork SIMulator) is perhaps the most flexible computer simulator. NETSIM is capable of 
simulating networks under control strategies ranging from sign control to fully actuated signal 
control. The model can provide MOEs for a variety of traffic scenarios and can simulate LRT in 
urban environments using a variety of methods. Proprietary software has also been developed to 
determine the network impacts ofLRT. JRH Transportation Engineering's TransSim II™ is one such 
program capable of simulating LRT using a variety of control and priority schemes for transit and 
providing MOEs for network traffic. 

PROBLEM STATEMENT 

As LRT becomes an increasingly popular transit alternative, there arises a need in the planning 
and development stages to make informed decisions about the optimum signal system operation. 
Integrating the LRT system into the existing urban signal system has created a need to better analyze 
the effects of the LRT system on the traffic signalization as well as the effects of the signalization on 
train operations. Research has been undertaken to develop analytical tools to optimize and simulate 
the operations of signal systems in a network, but as yet no definitive method exists for the inclusion 
oflight rail at-grade crossings within such a network. 

Following the development of a method for computing LRT impacts, any shortcomings in the 
procedure can lead to a failure of the planned system. Therefore, it is essential that the model 
produce accurate and reliable results. Model calibration and validation help ensure that the model 
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Chapter One - Introduction 

produce accurate and reliable results. Model calibration and validation help ensure that the model 
outputs accurately represent the effects of the planned LRT system. For this report, calibration 
consists of adjusting NETSIM and TransSim II™ model inputs and default parameters to model the 
true data from field observation as accurately as possible. The validation procedure statistically tests 
and assesses the ability of the model to replicate the real world conditions. 

RESEARCH OBJECTIVES 

The objective of this research was to determine the applicability of the Federal Highway 
Administration's NETSIM and JRH Transportation Engineering's TransSim II™for modeling LRT 
in urban arterial street networks. 

The objective was achieved through the four tasks listed below: 

1. Review the literature concerning LRT operations and the use of computer models to 
model LRT and network operations; 

2. Perform data collection to provide a field LRT network environment that could be 
modeled and compared to NETSJM and TransSim II™; 

3. Calibrate NETSJM and TransSim II™ for the field network; and 
4. Evaluate the models through statistical testing of model MOEs against field MOEs. 

The objectives for this research form a part of the overall objectives of the TxDOT research 
project entitled Development of Analytical Tools for Evaluating the Operations of Light-Rail At
Grade Within An Urban Signal System. 

ORGANIZATION 

This report has been divided into five chapters. Chapter 1 provides an introduction to the 
need for a model to simulate LRT in urban environments, discusses the requirement of model 
accuracy, and defines the objective of the research. Chapter 2 contains a discussion of background 
information, including a review of the literature regarding LRT environments, operational 
characteristics, and MOE calculations. Furthermore, it discusses attempts to model LRT 
environments and the NETSIM and TransSim II™ models. Chapter 3 contains a discussion of the 
basic work plan used to accomplish the objectives of this research. Included is the procedure used 
to collect and reduce the field data for later representation in the models. Chapter 4 presents the 
results of the research, including the calibration procedure used to adjust the models, the output 
obtained from the calibrated models, and the results of the statistical procedures used to assess the 
accuracy ofNETSIM and TransSim II™ in modeling LR T in arterial networks. Chapter 5 presents 
the conclusions from this research and the recommendations for further use of NETSJM and 
TransSim II™ for modeling LRT. 
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Chapter Two - Background 

BACKGROUND 

This chapter presents background infonnation on model validation, the definition and 
characteristics ofLRT systems, and NETSIM and TransSim II™. Attention focuses on the features 
and characteristics of the LRT environment considered for inclusion in the model. 

MODEL VALIDATION 

Four prerequisites have been set forth to detennine whether or not a situation can be modeled 
validly (J): 

I. It must be possible to observe and measure the situation being modeled; 
2. The modeled situation must remain structurally constant over time; 
3. The situation being modeled must exhibit a constancy across variations in conditions 

not specified in the model; and 
4. It must be possible to collect ample data with which to make predictive tests of the 

model. 

The first criterion was met by the observation of existing urban arterial networks with LRT 
systems. Researchers collected data describing system traffic patterns, network geometrics, and 
signal operations. Further, field MOEs were measured and recorded as descriptors of system 
perfonnance. 

Secondly, traffic operations, by their nature, are reasonably predictable and consistent, 
especially in pretimed operation. Signal timings vary only by set time of day plans, weekday traffic 
patterns are generally known, and system disruptors, such as accidents, do not occur with undue 
frequency. When unusual conditions do exist, their causes are easily traced and the conditions 
manifest themselves in a fashion, such as excessive queues, apparent to the observer. 

Thirdly, even the most complex models are a simplification or reduction of a real-world entity 
or event. Though it is understood that the model cannot include all the features of the modeled 
situation, it is necessary that conditions not specified in the model either remain constant or have 
inconsequential impact on the modeled situation. Obviously, if factors in the modeled situation are 
not, or cannot be, accounted for in the model and impact the system, the predictive ability of the 
model and its reliability are in jeopardy. 

Finally, the modeled system must lend itself to observation in such a manner that one may 
collect adequate data to describe and test the model. For this LRT investigation, researchers sought 
the assistance of traffic engineers in cities where LRT is currently operating in obtaining the data 
necessary to model the system. In addition, a data collection trip was undertaken to observe the 
system and record data describing its operation. 
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Chapter Two - Background 

SIMULATION 

Simulation is a powerful and widely used technique for the analysis and study of complex 
systems. Simulation can be chosen rather than mathematic or analytical models for a variety of 
reasons, including the stochastic nature of the problem, the complexity of problem fonnulation, and 
the myriad interactions that adequately describe the problem under investigation. Simulation has a 
number of significant advantages as an analytical device as well as distinct disadvantages. It provides 
a means of addressing particularly complex analytical problems which may not be susceptible to direct 
analytical treatment. The analyst is pennitted to focus on specific portions of an overall problem 
using simulation and experimentation with new ideas that have yet to be put into practice. Simulation 
avoids the very real risk of failure implicit in any extensive program of field experimentation and is 
generally considerably quicker, more flexible, and less expensive than other fonns of complex, 
analytical evaluation. 

A simulation model created to simulate a system is still essentially a simplification of a real
world situation. The res~lts obtained from such a model are only as good as its capacity to reflect 
a particular real-world situation. Additional factors, including the starting conditions of the 
simulation, the length of the period being simulated, and the accuracy of the model itself all impact 
the quality of the model output (2). 

CONSIDERATIONS FOR MODELING LRT 

The model inputs and embedded parameters for simulation ofLRT in an urban street system 
include the location of the transit line with respect to the roadway, the environment in which LRT will 
run, general aspects ofLRT operations, traffic control devices, possible priority schemes for transit, 
and a means of quantifying the impact of LRT on the traffic system. 

Crossing Configurations 
Four major at-grade configurations exist for LRT-roadway intersections: isolated crossings, 

isolated crossings with a nearby traffic control device, crossings where LRT is adjacent to a parallel 
street, and crossings for LRT median operation (3). For each type of crossing, there are modeling 
concerns such as the presence and handling of turning vehicles, the need to prevent cross street 
vehicles from encroaching on the LRT tracks (intersection spillback), the degree of priority needed 
for LR Vs, the optimal signal timing, and the effects of altering the signal timing for an LRV when the 
signal is timed for arterial progression. 

The LRT Physical Environment 
LRT right-of-way and environment describe the purpose and exclusivity of the corridor in 

which the LRT line will be located. The land on which the line is or will be constructed may be 
devoted entirely to the transit facility and its appurtenances, it may be shared with a freight rail line, 
or it may even be in the right-of-way of a municipal street. Within the corridors, varying at-grade 
LRT track placements have been utilized in cities around the country. Despite this diversity, five 
general classes of track locations define and classify a vast majority of these placements. Ranging 
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from least to greatest interaction with automobile traffic, these locations are grade separation, 
exclusive right-of-way, side of street, median of street, and mixed traffic. Grade separation is 
included in this discussion since there are many predominantly at-grade LRT lines that are grade 
separated at intersections where a high degree of automobile congestion exists. This issue has been 
addressed for LRT ( 4). An additional environmental factor is the type of urban area through which 
the LRV will run. Categories for differentiation of area type can be downtown areas, areas with tight 
street grids, and areas with widely spaced arterial crossings. 

LRT Operations 
To ensure accurate representation of the LRV within the model, it is necessary to provide 

accurate information about the vehicle's features and operations. The list here includes vehicle 
characteristics, headways (the average time between LRV arrivals), dwell time (the time required for 
passenger boarding and alighting), operating speed (depending on the environment), and time factors 
at roadway crossings (including blockage time, clearance time, and lost time). 

Traffic Control Devices 
Pursuing the discussion ofLRT roadway crossings, another topic to be addressed is the type 

of control present at the crossing. The crossing may exhibit crossbucks only, flashing lights with 
crossbucks, flashing lights with gates and crossbucks, or standard traffic control devices (3). Each 
control option has different blockage, clearance, and lost times, and all differences must be accounted 
for as accurately as possible within the model. 

Control Strategy 
In addition to the reproduction of the physical aspects and features of the modeled 

environment, it is also necessary to incorporate the control strategy found in the network. Where 
LR.Vs and automobiles are considered equally, no modifications are required; however, where transit 
is given special treatment, signal priority for the LRV must be considered in the model. 

Signal priority is an attempt to minimize or eliminate LRV delay by temporarily altering the 
traffic signal phase so that an approaching LRV receives a green phase when it arrives at the 
intersection. Piper et al. (5) provides an extensive discussion on priority techniques. The traffic 
signal priority treatments outlined in that report were subdivided into passive and active priority 
treatments. Passive priority treatments use anticipated public transit operations to determine the 
required priority treatment to be implemented. The following list shows several treatments that fall 
into this category: 

1. Reduced cycle time, 
2. Priority movement repetition in the cycle, 
3. Green allocation weighted towards the priority movement, 
4. Phasing design, and 
5. Linking of signals for LRT progression. 
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Active priority treatments improve upon one basic weakness in passive priority treatments, 
and that is their ability to sense the presence of the public transit vehicle and select the most suitable 
priority technique. Common active priority techniques are listed below: 

I. Phase extension; 
2. Phase early start; 
3. Special phase; 
4. Phase suppression; 
5. Priority phase sequences; 
6. Compensation; and 
7. Flexible window stretching. 

The microprocessor traffic signal controller is one means of implementing a flexible and low
cost system of controlling LRVs and providing preemption at signalized intersections. Before 
discussing the preemption of traffic signal controllers, it is first necessary to understand the nature 
of traffic controllers. Reference ( 6) summarizes the preemption capabilities of a number of currently 
used traffic signal controllers and identifies shortcomings in the preemption logic of these controllers. 
Although this reference deals with preemption in terms of railroad preemption, the information 
provided can be useful when discussing preemption for LRT trains. 

There are two general types of actuated traffic signal controllers available: Type 170 models 
and units based on the National Electrical Manufacturers Association (NEMA) standard. Type 170 
controllers can theoretically be operated in a variety of ways. NEMA, on the other hand, is limited 
to the factoiy-set configurations and capabilities. All controllers reviewed in this document provide 
the same basic preemption sequencing ( 6): 

I. Entiy into preemption; 
2. Termination of the phase in operation; 
3. Track clearance phase; 
4. Hold interval; and 
5. Return to normal operation. 

Impact of LRT on Traffic System 
Assessment of the effects of an LRT system on an arterial network and the impacts of 

different LRT operating scenarios can be determined by the examination of MOEs. MO Es quantify 
the impacts ofLRT on other roadway users, including other transit vehicles, and can be used to 
reflect the Level of Service (LOS) of the roadway network. Some MO Es that can be used include 
delay to automobile occupants, delay to LRT users, "person-delay" at intersections, the volume to 
capacity ratio for the intersection, queue lengths, number of stops, and the travel times on adjacent 
streets. MOEs are also the gauges that indicate the impact of the LRT system on an areawide signal 
system. When utilized as indicators, these MOEs delineate the LOS of the roadway and its crossings. 
LOS, however, has been criticized as a criteria in evaluating LRT impacts because it does not 
consider the volume of people being carried by transit. A principal concern is the need to determine 
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the impact of preferential control of the LRT on the overall system performance. Studies have shown 
that signal priority generally results in some loss in intersection capacity. This loss is a function of 
the LRT frequency and the priority strategy used. 

It should be noted that the use of delay has been discouraged by Bates and Lee (7) for the 
following reasons: (I) no way to account for rail preemption in delay; (2) although over-capacity is 
definable, over-delay is not; and (3) delay due to auto traffic differs from delay due to rail. The 
volume-to-capacity ratio, a ratio of the demand to the supply of roadway capacity, is suggested (7) 
rather than average vehicular delay for the definition oflevel-of-service. 

Another MOE for LRT impact quantification is the length of the automobile queue 
accumulated during the passage of anLRV. Bates and Lee (7) state that while the "LOS identifies 
the average operating conditions over the peak: period, the worst-case queue length indicates the 
impacts of a specific though-transient condition." 

Impact on Areawide Signal System 
Presumably the most efficient means of modeling an arterial network is with pre-existing 

microcomputer software. Existing, proposed, or hypothetical arterial networks can be created and 
optimized using programs such as TRANSYT and/or PAS SER II. This optimized network and all 
of its attributes can then be used as the input to a system simulator, such as NETSIM or TransSim 
Il™, to develop a control case of the network that, based on "runs" of the system, has an associated 
arterial level of service and quantified MOEs. The LRT system is then added to the network and the 
output is compared to the control case. The differences are due to the presence of the LRV, and 
these differences can be computed for various LRT operating scenarios. 

Problems exist, however, in the applicability of the system simulation software to the LRT 
placement scenario. Though LRV characteristics can be entered as inputs and tracks can be modeled 
by exclusive roadways or busways, the reliability and compatibility of the LRT placement in the 
simulator is questionable. Further, the addition of priority schemes for LRT is difficult, if not 
impossible, within the limitations of the existing and available simulation software. 

NET SIM 

The NETSIM network simulation model ( 8) performs a microscopic simulation of traffic flow 
in an urban street network. The traffic engineer and researcher can apply the model as an operational 
tool for the purpose of evaluating alternative network control and traffic management strategies. 
NETS IM allows the designer to simulate the performance of traffic under a number of alternative 
control strategies. 

The model is based on a microscopic simulation of individual vehicle trajectories as they move 
through a street network. It has the capacity to treat all major forms of traffic control encountered 
in the central areas of American cities. It includes a set of"default" values for most input parameters, 
precluding the need for detailed calibration if such data has not been assembled. 
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The model is designed primarily to serve as a vehicle for testing relatively complex network 
control strategies under conditions of heavy traffic flow. It is particularly appropriate to the analysis 
of dynamically-controlled traffic signal systems based upon real-time surveillance of network traffic 
movements. It may also be used, however, to address a variety of other simpler problems, including 
the effectiveness of conventional traffic engineering measures (e.g., parking and tum controls, 
channelization, one-way street systems, etc.), bus priority systems, and a full range of standard fixed
time and vehicle-actuated signal control strategies. 

Modeling the Physical Environment Using NETS™ 
The street network is defined in terms of a series of interconnected links and nodes. An urban 

street network is broken down into a set of uni-directional links and nodes. One link would represent 
a particular direction of travel along a single street between two adjacent intersections. Each link may 
contain up to five moving lanes. Provision is also made for mid-block "source/sink11 nodes 
representing entrances to parking lots, shopping centers, or minor streets not represented on the full 
network. Input into the model is achieved through the use of "cards, 11 each of which is used to 
designate a particular type of input. Some general categories of card type include data set descriptor, 
run control, output format and frequency, link name, link characteristic, link permitted movement, 
node signal timing and approach, node permitted movement by signal phase, and end of input 
delimiter cards. Special bus cards can be used to simulate bus lanes and routes, bus stations and 
station locations, and bus headways and dwell times. For advanced NETSIM simulation, the default 
values used in the model to describe such traffic environment parameters as start-up lost time and 
queue discharge headway can be modified using special input cards. 

Past Application of NETS™ in LRT Modeling 
NETSTh1 was used (9) to evaluate the relationship between an intersection crossing volume 

and the average automobile delay at an isolated crossing. In NETSIM, the LRT was modeled as a 
single lane roadway, and the grade crossing as a two-phase, fully actuated intersection. The LRV's 
arrivals were modeled as buses operating on the track using specified headways. The mode~ 
however, gave unconditional priority to the LRT vehicles and made no allowances for nearby signals 
and progression (9). 

Simulation of DART' s North Central Light Rail Line was accomplished using a modified 
version of NETSTh1 (JO). The original software did not readily accommodate the complex, 
frequently changing signal sequences found in the "window" limited priority scheme proposed for 
the DART line. Restrictions in NETSTh1 that limited the signal transition flexibility were 
identified and their influence on the simulation was mitigated. NETSTh1 was used, in conjunction 
with TRANSYT-7F and the HCS (Highway Capacity Software), to identify the delay impacts of 
LRT and the presence, if any, of residual queues after LRV passage. 

An attempt was made in 1979 ( 1 J) to validate NETSTh1 as a simulation model for an urban 
arterial street. NETSIM was evaluated for its ability to reproduce actual observed MOEs and to 
develop a methodology to determine optimal signal timings for a linear signal system. Attempts at 
reproducing observed MOEs were not successful, nor were attempts to estimate MOE changes for 
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different signal timing alternatives. It was concluded that it was not possible to validate NETSIM 
for use as a computer program for improving signal timing in a linear system of signals. 

TRANSSIMil™ 

TransSim II™ is a program developed by JRH Transportation Engineering of Eugene, 
Oregon. Having identified the shortcomings mentioned in current software for modeling LRT, JRH 
proceeded to develop a program specifically designed for modeling LRT or bus transit in urban 
networks. The program is microscopic with respect to LRT (or bus) behavior and movement within 
the modeled system and macroscopic with respect to traffic perfonnance. The computation of MO Es 
for traffic is accomplished within TransSim II™ using a methodology similar to that found in the 
TRANSYT program. 

fuputs to the program include features of the roadway environment (e.g., geometrics, traffic 
volumes, and signal phasing) and information about the transit route (e.g., including stations and 
intersections). Operating speeds and station dwell times can vary to better simulate realistic transit 
operations. The user enters data in a pull-down menu format under the entries of system data, route 
data, link data, and signal data. A variety of types and degrees of priority are available and easily 
selected by the user, facilitating the evaluation of alternative control strategies for the networks. 

Modeling the Physical Environment Using TransSim IT™ 
As with NETSIM, the networks are best conceptualized as nodes (intersections) and links 

(directional roadways). The physical and traffic operational features of the network are defined 
through link data, including traffic volumes and intersection spacing. The data describing the LRT 
route includes the number and location of stations within the system and the manner in which the LRT 
interacts with each station and intersection. Unlike NETSIM, links in TransSim II™ are organized 
as movements that move concurrently during a given signal designation. Movements which have 
exclusive lanes or bays, move in a unique set of phases, or have left turns that move under permitted 
phasing and occupy shared lanes must be coded as separate links. TransSim II™ uses the NEMA 
standard dual-ring numbering system for all traffic signal phases. Additional information coded into 
the model includes general system-wide data, such as LRT operational parameters and traffic system 
constants. 
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STUDY DESIGN 

This chapter describes the locations selected for the field data collection, the development of 
the plan to acquire the necessary data in the study cities, the data elements themselves, procedures 
used to assemble the data in final form and, finally, coding all the information into NETSIM and 
TransSim II™. 

SELECTION OF STUDY CITIES 

The criteria for study site selection for the project were the following: 

1. Cities similar to Texas cities in their land use and transportation system; 
2. Cities with LRT that has been operating long enough to have the LRT incorporated 

into the daily transportation operation of the city; 
3. Extensive system that travels through a variety of urban environments and, if possible, 

has LRT in varying locations with respect to the roadway; and 
4. Cities with varying control strategies for LRT. 

Since the current research required data for both pretimed and actuated networks with LRT 
in a variety of environments, two cities were chosen for the data collection. The sites for pretimed 
data collection were Los Angeles and Long Beach, California (the Metro Blue Line), and Portland, 
Oregon (the MAX LRT line), was chosen as the actuated site. Cooperation of representatives in both 
the transit agency and the city traffic engineer's office in both areas ensured the quality and success 
of the data collection effort. 

DATA COLLECTION PLAN 

For each modeled network under investigation, two separate sets of data were collected. The 
first set was used to calibrate NETSIM and TransSim II™ for use with LRT, and the second set was 
used to statistically test and validate the model's ability to recreate the modeled environment. 

Design of the Data Collection Plan 
Inputs. Since the data was specifically being collected for input to NETSIM and TransSim 

II™, the data to be collected was defined by the data requirements of the models. Networks are 
broken down into links and nodes, which can be respectively conceptualized as uni-directional 
roadways joining two intersections and the intersections themselves. The following list summarizes 
the input data requirements of the models. It was anticipated that some of this information could be 
obtained from the city traffic departments and the city transit agency: 

1. Network geometry by link: length in feet, grade in percent, capacity in vehicles/hour; 
2. Operational data by link: number of travel lanes, target speed, queue discharge rate, 

start-up delay, pedestrian volume, lane use; 
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3. Turning movements by link: number or percent of vehicles proceeding straight or 
turning at the downstream end of a link; 

4. Signal controls by intersection: signal offset in seconds, phase length in seconds, and 
control for each approach during each phase; and 

5. Flow rates by source link: peak hour volume that is emitted from each source node 
in number of vehicles. 

Embedded Parameters in NETSIM. NETSThf uses a number of embedded parameters to 
assign characteristics to the vehicles in the network. The fact that changing embedded parameters 
and/or NETSThf features, such as driver characteristic, impacted vehicle handling in the network 
became important in calibrating the model to recreate the field data. NETSThf uses fourteen 
embedded parameters ( 8), including such factors as distributions for gap acceptance and turning 
speed. It was unlikely that sufficient data could be provided by a data collection effort to field adjust 
all fourteen parameters, but the data collection team collected or estimated such data where possible 
and appropriate. 

Output. Output given by the NETSThf model includes link-specific output and summary 
network output (8). Table I lists the link and general output provided by the model. 
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Table 1. NETSIM Outputs by Link and Network 

OUTPUT 
Link Identification 
Vehicle Miles Traveled (VMT) 
Vehicle Trips (number of vehicles discharged) 
Moving Time (accumulated in veh-min) 
Total Delay (total travel time -ideal travel time) 
M/T Ratio (moving time/travel time) 
Total Time (veh-minutes) 
Travel TimeNehicle (in seconds) 
Average Speed 
Average Occupancy (average number of vehicles) 
StopsN ehicle (percent stopping at least once) 
Average Saturation Percentage (occupancy/capacity) 
Cycle Failure (queue clearance failures) 
Stop Delay (delay due to red signal) 
Total Queue Delay (not attain target speed) 

Queue DelayNehicle (queue delay/vehicle trips) 
DelayN ehicle-Mile 
Travel TimeNehicle-Mile 
Stop DelayNehicle 
DelayNehicle 
Total Delay 

LINK NETWORK 
x 
x x 
x x 
x 
x 
x x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

x 
x 
x 

x 
x 
x 
x 
x 
x 
x 
x 
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The output generated by the TransSim II™ model includes comprehensive LRT performance 
measures, comprehensive traffic performance measures, link specific output, LRT location 
information by simulation time, and the time of LRT checkout at each signal. The MO Es provided 
for the LRT include travel time, dwell time, average speed, stop line delay, time-to-green delay, and 
non-station delay. MOEs for traffic include vie ratio, uniform delay, random delay, total delay, 
average delay, and maximum queue. Additional output of the program can be used to determine the 
location of the LRT at any time during the simulation, the anival and departure behavior of the model 
(similar to the TRANSYT program), and the time of checkout after the LRT leaves each signalized 
intersection. These latter data elements lend themselves to examination for understanding the 
methodology used in the program and debugging any coding errors. 

Limits of Data Collection 
Though it would have been desirable to collect field data to compare with all the output 

MOEs provided by NETSIM and TransSim II™, such a data collection would have required a 
massive and exhaustive effort. Realistic limitations of time, money, and personnel restricted the 
quantity of data that could be collected. In addition to measuring MOEs in the field, researchers had 
to collect the input data for the models. 

The available resources for the collection effort were two video cameras, three persons for 
data collection, one or two rental cars, and approximately one week each in the cities of Los 
Angeles/Long Beach, California, and Portland, Oregon. 

City contacts were made in the Los Angeles and Portland areas to identify available input or 
MOE data. To provide a reasonably sized network that was within the processing limits of NET SIM 
and the collection limits of the data collection team, each study area was limited to a maximum of 
eight or ten intersections paralleling the LRT line and a network width of two intersections (three 
including the LRT-roadway intersection). The operations at the one or, at most, two major 
intersections were recorded by the available video cameras (one camera per approach paralleling the 
LRT line). Travel time runs were conducted along the arterials paralleling the LRT line. Researchers 
averaged the data from these runs, and it was possible to obtain link-specific travel times and total 
travel times along networks from the assembled travel time data. From the video at one intersection 
in each network, researchers computed stopped delay per vehicle and percent stops by visible 
approach. 

Format of Data Collection 
The infonnation necessary for input into the NETSIM and TransSim II™ models was easily 

fonnatted by the completion of Highway Capacity Manual Input Worksheet, page 9-75 ( 12). It was 
important for each sheet to be completed in full for each intersection in the model, including an 
accurate representation of the number of approach lanes, lane usage, lane widths, and turn bay 
presence in the Volume and Geometrics Diagram. 

Page 13 



Chapter Three - Study Design 

Additional input information included the following: 

1. The signal offsets between intersections, which were noted on the HCM worksheet 
and referenced to the upstream intersection; 

2. The link lengths, measured from the stop bar at one intersection to the stop bar at the 
downstream intersection. These measurements were also to be made at the 
intersections of roadways with LRT lines; and 

3. Frequency of LR V arrivals (headways), type of signal control implemented when 
LRV arrives at the intersection, location of stations, average dwell times. 

Potential Sources of Required Data 
To minimize the quantity of data to be collected, the city traffic engineer's office and the 

transit agencies in the study cities were contacted for access to any of the following data, if collected 
and available: 

City Traffic Department 

1. Length in feet from the stop bar of one intersection to the stop bar of the downstream 
intersection for every intersection and roadway link in the network to be studied. 
Lengths included distances to the stop bars at LRT-roadway intersections; 

2. Capacity estimates of all through and turning lanes in the network; 
3. Presence, location and degree of significant grades; 
4. Number and width of travel lanes and tum bays for every intersection approach in the 

studied network; 
5. Target speed - comfortable maximum driver speed on the arterials in the network; 
6. Estimates of queue discharge rate and start-up delay; 
7. Pedestrian volumes - light, moderate, heavy - at all network intersections; 
8. Volumes (through, turning left, and turning right) for every approach to every 

intersection in the study network; 
9. Phase length in seconds and type of control for each approach during each phase; 
10. Signal offsets for every network intersection; 
11. Special signal phasing used when LRT is detected, if present; and 
12. Any available MOEs - average intersection delay, number of stops, travel times - for 

the intersections or roadways in the studied networks. 

Transit Agency 

1. Frequency ofLRV arrivals (scheduled headways); 
2. LRT signals and signal control used at all LRT-roadway intersections in the studied 

network; 
3. Location of stations in the network; 
4. Average dwell times for the LRV at each station; and 
5. Average blockage time when LRV passes each intersection. 
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Data to be Collected in the Field Study 

1. Data made available by the city traffic engineer's office and the transit agency; 
2. Input data required but not available through the city or transit agency; 
3. Travel time runs in the studied networks, two data sets at each site, multiple runs for 

each data set, and 
4. Video record of major arterials in the network for later single intersection MOE 

analysis. 

DATA COLLECTION 

The field data for both the Los Angeles/Long Beach and Portland networks consisted of 
network description data, travel time information collected using a portable computer and video tapes 
of at least one major intersection within each of the study networks. Network 1 was designated along 
Washington Boulevard in Los Angeles from Flower to Los Angeles; Network 2 was designated along 
Washington Boulevard from Los Angeles to Alameda; Network 3 was designated along Pacific 
Avenue in Long Beach from First to Eighth; Network 4 was located in Portland, Oregon along 
Holladay from MLK to 13th; and Network 5 was located along Burnside in Portland from 102nd to 
122nd. 

Collection of Network Geometric, Volume, and Signal Data 
To accurately provide a description of the modeled environment for inclusion in the model, 

researchers required reliable information as to the geometric description of the network roadways, 
LRT locations, and intersections; traffic volumes at each network entry point and turning percentages 
(left, through, right) for each approach to each intersection in the network; and signal timings and 
permitted movements by signal phase. The primary source for this information was the city traffic 
engineer's office in each of the study cities. Scale drawings of the roadway-LRT network as well as 
distances to cross street intersections adjacent to the LRT line were provided. For all networks, 
signal timing information was obtained from photocopies of timing plans used in the field. For the 
network in Long Beach, an output file from TRANS YT, a flexible, computerized optimization 
program, provided all signal timing data. This output also provided the traffic counts and turning 
percentages for this network. 

In Los Angeles, intersection traffic counts by movement and approach were provided for most 
intersections in the study networks from data collected by the city. The data collection team 
conducted additional traffic counts during the analysis time periods to fill the few gaps that were 
present in the data provided by the city. Turning count data for some intersections in Portland was 
provided gratis by Traffic Smithy. The data collection team took additional traffic counts to complete 
the data sets. 
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Collection of Field Data MO Es 
The travel time infonnation was collected using a computer program developed by the Texas 

Transportation Institute (13). Using a portable computer inside a floating car probe vehicle, the 
program was run and recorded the absolute time, from beginning of the travel time run, to each 
intersection in the network. If stops were encountered, a separate keystroke recorded the time of the 
stop, the time the vehicle started in motion, and the time the intersection was reached. For non-stop 
intersections, a simple keystroke pressed when the vehicle entered the intersection recorded the time. 
Two sets of travel time runs were conducted for each location. Data collectors used the first set for 
calibrating the model to produce travel times similar to the field results, and the second set was used 
to statistically compare the calibrated model results to the field data. The data from all travel time 
runs was stored on disk for later reduction. 

Data collectors used the video tapes for collecting intersection delay and percent stop 
information for later comparison to model results. Within Network 1, the video tape was made at 
the intersection of Washington and Flower and the approaches visible in the camera eye were the NB 
and EB approaches. Within Network 2, the video tape recorded the intersection of Central and 
Washington, and the NB and EB approaches were in the camera eye. In Network 3, video was made 
at two intersections. At First and Pacific, the video recorded the NB and SB approaches. At 
Broadway and Pacific, the video recorded the NB and SB approaches. In Network 4, the :MLK SB 
approach of:MLK and Holladay was recorded and in Network 5, the NB approach of 122nd Avenue 
at 122nd and Burnside was recorded. Each video tape consisted of two hours of intersection 
operation. The first hour of tape was used for collecting data for calibrating the model, and the 
second hour was used for statistical comparison to calibrated model results. 

DATA REDUCTION 

The travel time data files contained on disk were printed out, and the collectors calculated 
travel times between intersections from the computer's internal time clock, which was started anew 
for each travel time run. A spreadsheet was used to create tables of travel time runs for the five 
networks. Each column contained travel times for an individual run, and each row represented the 
roadway link between intersections. Averages were computed across runs to calculate the mean 
travel time between each intersection in each network. Columnar averages were computed to 
calculate the mean directional travel times within each of the three networks. Standard deviations 
were also computed, by direction, for the travel times between links and along each network. 

Individual intersection stopped delay and percent stops data were collected from the video 
tapes made for each network. Again, the data from the tapes was broken down into two 
subcomponents. One half, or one hour, was used for the calibration, and the other half was used in 
the statistical comparison of the calibrated model to the field data. The data from all of the video 
tapes was entered into ten different spreadsheets, one for each of the studied approaches at the six 
intersections where video data was collected. The standard form of the spreadsheet included entries 
for number of vehicles, stopped delay, and number and percent stops per minute. 
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Each of the eight spreadsheets was then examined for the development of an analysis interval 
by which to summarize the collected data. A five minute interval was selected as a balance between 
the need for reasonably consistent volumes among intervals and the need for a sample size of intervals 
that could be compared to the output of the model. One exception was the intersection of Central 
and Washington, which exhibited stopped delay per minute that cycled in three minute intervals. To 
maintain consistency among intervals indicative of the delay observed in the field, a six-minute 
interval was selected for this intersection. For each approach to each intersection, the data was 
tabulated, and an overall mean and standard deviation were computed for stopped delay and percent 
stops for the summarized five or six minute interval. Researchers then tabulated the mean and 
standard deviations by intersection and approach into two tables, one for calibration and one for later 
comparison to the calibrated model (see Appendix A). 

CODING THE MODELED ENVIRONMENT IN NETSIM 

The described geometric, traffic volume, and signal timing information was input into the 
model through the use of files containing series of cards, each card containing information about a 
particular feature of the modeled environment. In the pre-calibration stage, all default values were 
entered as model inputs on the appropriate cards. To clarify this procedure, the following section 
describes the function of each card used in modeling pretimed networks in NETSIM. Researchers 
used special card types to model the LRT in NETSIM as a bus route, and these cards are also 
discussed. 

Card Types , 
Run Control Data. Card types 00 through 05 describe the network and indicate how long 

the model will simulate the modeled system and in what increments of time. This structuring allows 
the analyst to vary signal operations, some geometric conditions, and volumes. The final card, 05, 
designates the frequency of output desired from the model and whether or not the analyst desires to 
produce graphics files for later review of the simulation. 

Network Description Cards. Card type 11 is used to describe the links, or roadway segments, 
that constitute the urban network. Specified on this card are the nodes, or intersections, joined by 
the link; the link length; the lengths of any tum pockets; the number of through lanes and the number 
of lanes in turn pockets; channelization codes (i.e., left tum only, etc.); nodes receiving through and 
turning traffic; mean start-up lost time; mean queue discharge headway; free flow speed; right-tum
on-red code; and pedestrian code. 

Card type 21 specifies surface street-turning movements. For each link, the permitted 
movements and percent of traffic turning through, left or right is indicated. 

Signal Control Cards. A card type 35 must exist for each node controlled on a pretimed 
basis. The approaches to the node are specified in clockwise order and up to 12 separate signal 
intervals can be indicated. Corresponding to each card 35 is a card 36, which specifies the control 
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code for each approach link for each signal intetval specified on card 3 5. The control code can vaiy 
from 0 to 9, with the following meaning attached: 

0. Amber; 
1. Green ball; 
2. Red ball; 
3. Red with right green arrow; 
4. Red with left green arrow; 
5. STOP sign; 
6. Red with green diagonal; 
7. Green through with no left turns; 
8. Green arrows with no through; and 
9. Green through and right, no left tum. 

Traffic volumes. Traffic is entered into the network via entry nodes and links. The volume 
generated at each entry node is specified on card type 50. Along with the flow rate in vehicles per 
hour, percent trucks and percent carpools composing the traffic stream can be specified. 

Delimiters for Separating Model and Time Period Data. Card type 170 marks the end of the 
input stream. This card is then followed by data for another network during the same time period, 
input records for global networking, or a card type 210, which marks the end of the data for the 
current time period. Card type 210 closes the input file unless the final time period has not been 
reached. 

Special Considerations 
Modeling LRT. LRT can be modeled in NETSW using bus routes. The location of the route 

is specified similarly to the normal roadway links described earlier, but no traffic volume is entered 
for these links. Rather, bus routing is established using card type 187 and bus headways are specified 
using card type 189. Stations can be included using card type 185, which physically locates the 
stations in the network, and card type 188, which indicates the order in which the LRT will reach 
each station. One can even specify mean dwell times at stations and their distribution with card types 
186 and 150, respectively. The length and acceleration properties of the LRT vehicle can be input, 
rather than those of the bus, using card type 58; however, the maximum vehicle length that one can 
enter is 125 feet, while dual car LRT trains can be up to 17 5 feet in length. 

Model Calibration Cards. Card type 11, one of the network descriptor cards, has three 
entries which are important in model calibration. The entries are the mean start-up lost time, mean 
queue discharge headway, and free flow speed. If the mean start-up lost time or queue discharge 
headway were lower, the vehicles that were stopped at one intersection will reach the downstream 
intersection sooner. It is essential that both of these values match the field obseived values. If the 
mean values from the field differ from the defaults in the model, the obsetved means can be entered 
in the appropriate column of card 11. Not only can the mean values change, but their distributions 
can change as well. Any noticeable differences between model and field distributions can be brought 
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into agreement by changing the start-up lost time distribution or mean queue discharge headway 
distribution in the model using card type 149. Free flow speed, which can be changed on card type 
11, can also impact the time that platoons arrive at a downstream intersection since the higher the free 
flow speed entered, the higher the average speed along the link. Free flow speeds also follow a 
distribution, and this distribution can be changed using card type 147. 

Other cards can be used to adjust other model parameters. The possible changes can impact 
turning speeds, lane switching, spillback probabilities, amber phase response, left-tum gap acceptance, 
pedestrian delay, short and long term events, parking, and a host of other parameters. Sufficient data 
will probably not be available to adjust for those parameters in the above list, and the default values 
within NETSW will be utilized. 

CODING THE MODELED ENVIRONMENT IN TRANSSIM I(™ 

Researchers entered the geometric, traffic volume, signal timing, and LRT information 
necessary for input into TransSim II™ using the pull-down menu driven data entry format of the 
program. The program main screen displays five menu options; File, Edit, Schedule, Run, and Result 
and Graphics (14). The data was entered using the Edit and Schedule menus. The Edit menu 
displayed the headings System Data, Route Data, Link Data and Phase Data. This menu is the 
primary vehicle for entering data into the program. The Schedule menu was used to enter the LRT 
schedule and the standard deviation of the LRT generation in the modeled system. 

Data Files 
System Data. Information provided under this entry included the acceleration and 

deceleration of the LRT, the minimum distance headway for LRVs, the minimum walk time for 
system signals, the start-up lost time, the type of arrivals in the system (uniform or random) and the 
number ofleft-turn sneakers per phase. This menu is also the location where the random number seed 
for stochastic variance was entered for multiple runs of program data sets. 

Route Data. The route length, number of stations, specification of speed limited zones, and 
number of signals along the route are all specified under the Route Data entry. For each station, one 
enters a labeL forward and reverse station location, passenger service time, and scheduled headway. 
Each signal description includes an intersection label, location in the fotward and reverse train 
directions, phases associated with LRT movement, a priority level for the LRT (a code specifying a 
particular priority type at the intersection which can be easily changed to determine the impacts 
associated with different operations strategies), the time for LRT clearance, the minimum phase 
length, and the location ofLRT detectors in the system. 

Link Data. For every intersection in the modeled network the link data specifies the phase 
associated with movement on the link, the link length, the free flow speed, the saturation flow rate, 
the existing traffic volume, any midblock entry volumes and shared links/lanes. Included on this entry 
is whether or not permitted turns are present and the opposing link and number of opposing lanes. 
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Phase Data. The main Phase Data entry screen allows the user to input the cycle length and 
offset for the intersection and specify up to two overlaps at the intersections. An indication is also 
given on this menu as to the recall state of each of the eight NEMA phases. Submenus are used to 
enter.the features of the individual phases, such as whether the phase is on recall (none, minimum or 
maximum), whether or not the phase is a coordinated and/or exclusive phase, the yield point or 
maximum green, the yellow plus red time, the minimum phase green, a pedestrian clearance time, and 
the minimum gap for actuated phases. 
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RESULTS 

This chapter presents the results of the analyses conducted to calibrate NET SIM and validate 
NETSIM and TransSim II™ using statistical comparison of calibrated model output to the field 
validation data. 

NETS IM 

Calibration 
Calibration was performed to ensure that the model reproduced field operations as accurately 

as possible. This step is a necessary part of any modeling effort and provides credibility to the model 
output. 

Modeling LRT in NETSIA1. Researchers modeled each of the three pretimed networks in the 
Los Angeles/Long Beach area in NETSIM using two different conventions. The first convention 
included a physical representation oftheLRT line, including right of way in the median of the through 
arterial, transit stops, LR T vehicles at scheduled headways, and vehicle characteristics. The second 
convention included only the traffic envj.ronment of roadway links, motor vehicle volumes and traffic 
signal operations. Since no direct conflict between the LRT and vehicles occurs in the pretimed 
systems (the LRVs only pass through the intersection during parallel street green, and vehicular lefts 
are only allowed during non-LRT protected green arrow designations), it was possible to model the 
traffic environment without the physical inclusion of the LRT in the model. This tradeoff also meant 
that no MOEs, such as LRV delay, were available in the model for LRT in the no-LRT simulations. 
Under both conventions, researchers entered the roadway geometrics, traffic volumes, and signal 
timings and offsets from field data as accurately as possible within the data entry structure of the 
NETSIM model. 

The decision to model the system without LRT included was made to alleviate some 
difficulties with coding NETSIM to accurately reproduce the physical environment with light rail 
included. The limitations ofNETSIM that produced the difficulties included the fact that if left-tum 
bays are present on a link, the lane to the left of the bay may not be used as a moving link. This 
restriction meant that one link could not be used for the through lanes on the arterial parallel to the 
LRT line and the LRT line itself: since the LRT line for all of the networks was located in the median 
of the arterial street. 

To overcome this limitation, the arterial was separated into three separate links, one 
directional through link for arterial traffic in each direction and an additional link for the LRT. 
Several additional difficulties were encountered in implementing this "solution." The first difficulty 
occurred because the minimum link length allowed by the NETSIM model is 50 feet. Accordingly, 
the arterial lanes were separated in the model from the LRT line by a nominal 26 feet ( 50 feet 
minimum minus two lane widths) rather than being adjacent to one another, as in the field. The 
second difficulty developed in dealing with left turns on the arterials and cross streets. For all three 
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networks, the cross streets experienced one phase of green, with left turns pennitted through 
acceptable gaps in the opposing traffic stream. Since the intersection was essentially broken into 
three intersections in the model, with the left-turning vehicles making their maneuver from a 50-foot 
link made necessary by including the LRT between the arterial lanes, no space existed for the 
inclusion of left tum storage space on the cross streets. The cross street left-turning vehicles 
effectively blocked the left lane to through traffic. In addition, cross street vehicles and vehicles 
making left turns from the arterials were required to travel I 00 feet in the model that was, in the real 
environment, only the width of the LRT right of way and two traffic lanes. Figures I, 2, and 3 show 
an example of the coding conventions. Figure I shows the Long Beach network existing field 
conditions. Figures 2 and 3 show the coded links and nodes for this network with and without LRT, 
respectively. 

For traffic actuated Networks 4 and 5, the LRT had to be detected to implement the LRT 
phase; accordingly, only the "with LR T" convention was used to code these networks. The use of 
multiple nodes to represent a single intersection was continued into the actuated scenarios to include 
LRT in the median of the arterial and to provide enough phases to accommodate traffic as well as 
LRVs. 

In Network 4, the LRT runs in two-way operation to one side of a one-way street. The 
signals operate with through phases on recall and left turns across the LRT tracks are actuated. 
Essentially, the one-way street is a pretimed coordinated system running a 70 second cycle length for 
traffic. During the detection of an approaching LRV, the conflicting phases are terminated after a 
minimum green is provided and non-conflicting phases are given green until the LRV clears the 
intersection and/or is timed out. Pedestrian calls are inhibited during an LRV detection, and after the 
minimum walk times and clearances are provided, a walk indication will not appear again until the 
LRV checks out or is timed out. If the coordinated controller is "knocked out" of synchronization 
by the LRV presence, the controller will re-synchronize itself by dwelling (up to a given maximum) 
in a designated high demand phase during one or more cycles until resynchronization is achieved. 

This behavior could not be closely replicated in NETSIM without designating separate nodes 
for the LRT and the vehicular traffic. In this manner, the nodes for traffic could be timed with the 
given signal settings from the field and the LRT nodes could be coded with the minimums for cross 
street traffic and the average blockage times for the LRV s. The LRT nodes would then dwell in cross 
street green and the LRV s, when detected, would call for the green but would not violate cross street 
vehicular or pedestrian minimums. This system behavior replicated as closely as possible the field 
conditions with two exceptions: (I) the 50 foot minimum link length existed between the traffic and 
LRT nodes, allowing traffic to queue in the interior and (2) the presence of an approaching LRV did 
not affect the controller for traffic. Thus, the controller at the traffic node did not display a red signal 
indication to movements conflicting with the LRT based on the presence of the LRV; this red was 
encountered when the vehicle reached the LRT node. Also, the traffic node, not being linked to the 
LRT, could not be "knocked out" of synchronization and forced into a situation where it had to dwell 
in a specified phase to "resync" itself 
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Figure 1. Long Beach LRT and Arterial Street System Along Pacific Avenue 
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Figure 2. Model Link-Node Representation of Pacific Avenue - with LRT 
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Network 5 along Burnside Avenue in Portland consists of fully actuated intersections and 
LRT in the median of the street. As with Network 4, the traffic nodes were separated from the LRT 
nodes. In this case, the lack of available phases for the LRT when all eight NEMA phases were used 
to control traffic necessitated the separation. Each intersection was coded as three nodes, one for 
the LRT and two for traffic, one on either side of the LRT. Again, the traffic nodes were coded from 
field signal settings and the LRT nodes were coded with cross street vehicular and pedestrian 
minimum greens. The behavior of this modeling arrangement was the equivalent of the field condition 
with one exception; the traffic nodes were not directly affected (in terms of timing control) by the 
presence of an LRV. Vehicles were given the green at the traffic nodes based on demand and 
actuations, and were allowed to proceed on green as normal. The vehicles had to stop for the LRV 
as they reached the LRT node, allowing two or three cars to advance from the traffic node to the 
LRT node that, in the field, would have to wait at the traffic signal. The fact that this type of 
movement was limited and that the vehicles were still not permitted to cross the tracks during LRV 
passage seemed to minimize the impact of this non-field condition. 

Reduction of Pre-Calibrated Model Output. For both the LRT and no-LRT conventions, 
researchers ran NETSJM six times, with different random number seeds, to obtain data sets 
equivalent in size to the calibration data set and exhibiting random variability. The data taken from 
the NETS.IM output files was the parallel to the calibration data collected in the field, with directional 
travel times along the arterial paralleling the LRT line for each network, and stopped delay and 
percent stop data taken for each of the eight approaches for which this type of calibration data was 
collected in the field. 

The travel time data was tabulated for the two conventions of model runs in the same fashion 
as the original calibration data (see Appendix B, Tables B-1 through B-3). Mean travel times were 
calculated by link and a mean travel time and standard deviation by directional network length were 
computed. The stopped delay and percent stops were averaged across runs, and then summarized 
in Table 2. The data is also presented graphically in Figures 4 and 5 for stopped delay and percent 
stops, respectively. 

Comparison of Pre-Calibrated Model Output to Field Data. Researchers developed a travel 
time comparison table to compare the travel time by link and the average directional travel times 
within each network to the same quantities generated by the LRT and non-LRT model simulations 
(see Appendix B, Table B-4). Examination of Table 2 indicated several important considerations. 
Primarily, travel time comparisons between the model and the calibration data showed the same 
general relationships, except for the east to west direction of Network 2 and the fact that the model 
seemed to overpredict the travel times in Network 3. Also, the LRT and non-LRT conventions 
showed the same general pattern, whether it was overpredicting or underpredicting calibration travel 
times. No differences were apparent between the two conventions. Overall, investigation was called 
for to determine the cause of discrepancies between the model and calibration data MOEs and to 
make adjustments to the model, where possible, to bring the model output into agreement with the 
observed field calibration data. 
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Table 2. Uncalibrated Model Intersection MOEs 

Mean StoEEed Delax Mean Percent StoEs 
Calibration Model Model Calibration Model Model 

Datii w/ LR.I w/o LRI Data wt. LRT '2/}o LRT 
Flower & Washington 
EB Approach 3.16 21.95 6.98 13 87 22 
NB Approach 24.71 38.52 10.05 73 100 47 

Central & Washington 
EB Approach 8.67 5.3 10.22 25 30 40 
NB Approach 23.16 6.9 7.12 88 17 21 

First & Pacific 
NB Approach 9.43 0 0.08 58 0 4 
SB Approach 6.85 2.78 4.62 42 21 29 

Broadway & Pacific 
NB Approach 16.13 8.22 6.3 68 32 31 
SB Approach 19.91 19.67 19.92 66 56 55 

MLK & Holladay 
SB Approach 6.19 3.2 27.36 21.4 

122nd & Burnside 
NB A12nroa~h 32,:1~ Jl.48 22,35 78.Q 

Comparisons were made in tabular and graphical format for the stopped delay and percent 
stops data. Both comparisons pointed to the fact that little consistent similarity could be discerned 
between calibration data and model stopped delay or percent stops for either convention. There was 
general consistency between the LRT and non-LRT model results except for the intersection of 
Flower and Washington, but this consistency unfortunately did not extend into the comparison with 
the calibration data. 

Calibration Procedure. The capability exists within NETSIM to alter mean start-up lost 
times, mean queue discharge headways, the distribution of these two parameters, and the free flow 
speed, or desired speed of unimpeded flow, to calibrate the model to the field conditions. Default . 
values for each of these variables is used by the model if alternative values are not specified. 

The model defaults for mean start-up lost time, queue discharge headway, and free flow speed 
are 2.5 seconds, 2.2 seconds, and 35 miles per hour, respectively. For each vehicle, the program uses 
the randomly assigned driver characteristic (1 = passive, 10 = aggressive) to select a multiplier from 
the distributions, shown in Table 3, to be multiplied by the mean start-up lost time or queue discharge 
headway to determine the specific value for that vehicle. 
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The video for each network was used as a data collection source for determining the mean 
start-up lost time, mean queue discharge rate, and the distributions of both. For all networks, field
based average values were computed for the calibrated start-up lost time and queue discharge 
headway. Researchers obtained distributions for each of these parameters by collecting fifty field 
measurements of each, arranging the measurements in descending order, and then pairing the 
measurements in groups of five. The average of each group of five was computed, divided by the 
already calculated mean to obtain a percent, and then multiplied by I 00 to produce ten new 
multipliers for creating the distribution of start-up lost times and queue discharge headways. 

The field-measured mean start-up lost time and mean queue discharge headway were input 
on card type 11 in NETSIM. Researchers input the new distributions on separate optional input 
cards, both of type 149. The new mean and distributions were entered for both the LRT and non-
LRT simulations. Table 3 shows the default and modified start-up lost time and queue discharge 
headway distributions. 

An initial investigation of the effects of free flow speed, or desired unimpeded link speed, was 
conducted using the non-LRT Network 3 data set. This set was selected to remove any unpredictable 
LRT influences from the simulation and because of increased data availability from the network-wide 
vantage point of the video for this network. With all other parameters and random numbers 
remaining the same, the free flow speed was altered from 25 to 55 miles per hour in I 0 mph 
increments. Table 4 shows the results of the variation. 

Table 3. NETSIM Start-u~ Lost Time and Queue Discharge HeadwaI Distributions 

Driver Characteristic, K 

Network Avg:. 2 3 4 5 6 7 8 9 10 

Lost Time Default 2.5 218 140 125 118 102 86 78 63 47 23 

Headway Default 2.2 170 120 120 110 100 100 90 70 70 50 

Lost Time 1.88 145 124 114 105 101 96 92 83 74 66 

Headway 1.97 155 125 114 107 98 93 86 81 73 68 

Lost Time 2 1.88 145 124 114 105 101 96 92 83 74 66 

Headway 2 1.91 140 122 114 110 105 96 88 81 76 68 

Lost Time 3 2.08 146 130 115 108 100 94 86 81 74 66 

Headway 3 2.06 148 121 111 105 100 94 90 80 78 73 

Lost Time 4 1.72 152 124 115 106 98 89 82 82 79 73 

Headway 4 2.16 147 119 110 105 100 95 91 87 79 67 

Lost Time 5 1.83 144 126 106 102 98 93 88 86 82 75 

Headwa~ 5 2.03 130 115 112 107 104 99 93 88 80 72 
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Table 4. Free Flow S(!eed Calibration Com(!arison - Network 3 

Free Flow SEeed 
Link Field 

25 35 45 55 
Effect 

1. 1st to Broadway 19 24.6 19.9 16 16.3 decrease 
2. Broadway to 3rd 12.67 18 11.9 16 12.5 decrease, increase 
3. 3rd to 4th 10.67 16.7 14.6 16.5 17.8 vanes 
4. 4th to 5th 9.17 10.5 10.2 10.8 9.6 vanes 
5. 5th to 6th 37.5 42.8 45.9 46.4 45.3 decrease 
6. 6th to 7th 12 13.9 15.6 13.4 14.8 vanes 
7. 7th to 8th 15.17 8.7 8.8 7.4 6.8 vanes 

TOTAL 116.18 135.2 126.9 126.5 123.1 decrease 

1. 8th to 7th 42.5 39.4 22.5 20.3 19.3 decrease 
2. 7th to 6th 18.33 69.5 37.3 14.9 35 varies 
3. 6th to 5th 11 19.8 18.8 18.3 26.6 decrease, increase 
4. 5th to 4th 10.17 10 11 8.6 9.2 none 
5. 4th to 3rd 44.67 21.2 20.5 15.3 13.3 none 
6. 3rd to Broadway 17.5 49.3 30.8 35.8 35.1 none 
7. Broadway to 1st 15.33 12.8 9.9 13.1 11 none 

TOTAL 159.5 222 150.8 126.3 149.5 decrease, increase 

First & Pacific: 
NB Approach 

Delay 9.43 0 0 0 0 none 
Percent Stops 58 0 0 0 0 none 

SB Approach 
Delay 6.85 3.4 2.78 4.1 3.2 none 
Percent Stops 42 32 21 30 21 vanes 

Broadway& 
Pacific: 
NB Approach 16.13 10.8 8.22 4.8 4.9 decrease 

Delay 68 45 32 24 18 decrease 
Percent Stops 

SB Approach 19.91 35 19.67 24.9 22.4 decrease, increase 
Delay 66 66 56 73 70 decrease, increase 
Percent StoEs 
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Due to the inconclusive nature of the results of the speed variation, further investigation was 
made into the definition of and factors impacting free flow speed on each link. The free flow speed 
is defined as the speed attained by traffic in the absence of any impedance due to other vehicles, 
pedestrians, or control devices (8). Though conceptually this value could be estimated by the mid
block speed within each network, the realistic speed of vehicles in each of the networks was impacted 
by other vehicles, acceleration and deceleration due to traffic signals, and other features of the 
roadway environment. Further review of the output from the speed variation test showed that as 
speeds on a link were adjusted to better fit the calibration data for travel time, the intersection MOEs 
- stopped delay and percent stops - improved with respect to the calibration data as well. 

Based on the conjectural nature of the free flow speed definition, the improvement in 
intersection MOEs with cahbration for travel time, and the fact that both start-up lost time and queue 
discharge headway had been fixed to field-observed values, researchers made the decision to utilize 
input link free flow speed as a means of adjusting the traffic stream in the model. As with start-up 
lost time and queue discharge headway, the free flow speed is multiplied by a coefficient to determine 
the free flow speed of each vehicle. Examination of the traffic stream in the model's graphic output 
and investigation into the dispersion of platoons in the model showed that NETSIM: tends to disperse, 
or "spread out, 11 the platoon more than vehicles in the modeled environment. The effects of the 
dispersion would vary depending on the time in each intersection's cycle when portions of the steadily 
dispersing platoon arrived at the successive downstream intersections, creating the variable travel 
time effects of speed found in Table 4. To reduce the rate of dispersion, researchers made the free 
flow speeds for all vehicles on each link uniform by adjusting the multiplier for the free flow speed 
distribution to unity. 

Mean free flow speed was calibrated in the model by comparing the directional travel times 
produced by the model to those found in the field calibration data set. The free flow speed on all links 
was adjusted using the same speed value in an iterative process until the travel time results from the 
model compared favorably to the calibration data. The determined free flow speeds for each network 
corresponded to the speed at which unimpeded drivers would feel comfortable (usually the speed limit 
plus approximately one standard deviation of field speeds) on the roadway link. 

Selection of Appropriate Test Statistics 
The selection of appropriate tests for assessing the accuracy of the calibrated model was 

dependent on a number of considerations, including the small sample size of the validation travel time 
data sets, the variability of this data, and the ability of the calibrated model to accurately reproduce 
and report link and system-wide MOEs. 

Due to time and resource limitations during the data collection, researchers made only twelve 
travel time runs within each network. As described earlier, the data was then divided into two 
groups: six runs for calibration data and six runs for validation. Both groups, when analyzed, showed 
high variability in their individual link travel times but relatively consistent travel times by direction 
in the network as a whole. When the networks were modeled, it was not possible to calibrate the link 
variables to consistently reproduce measured link travel times; however, it was possible to calibrate 
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the directional travel time in the overall network. Accordingly, and mainly due to the high variability 
and low sample size of the validation data, it was decided to judge the accuracy of link travel times 
by establishing a minimum percentage and range for the modeled link travel times to agree with the 
validation travel times. Eighty percent of the mean link travel times within plus or minus 20 percent 
of the validation mean was selected as an acceptable criteria for modeling accuracy. Additionally, 
researchers performed a correlation analysis to assess the quality of the relationship between the 
validation data and the modeled individual link travel times. 

Validation data total travel times by direction, on the other hand, showed consistency and a 
standard deviation that, for all data collection runs, was less than 25 percent of the mean (See 
Appendix B, Table B-5). These overall travel times were also represented accurately in the model. 
The Studentized t-test was selected to test whether or not the validation network travel times and the 
modeled network travel times were equal. All tests were conducted at the 95 percent confidence 
level. 

Though calibration of travel times on each link also improved the percent stops and stopped 
delay MOEs in comparison to the calibration data, no other model adjustments could be directly made 
to predictably alter these MOEs for more favorable comparison to the validation data. It was decided 
to assess the modeled accuracy of these MOEs by correlation analysis. Also, a regression analysis 
was performed by pairing the modeled MOEs and validation data MOEs as X and Y coordinates, 
respectively. If the slope of the resulting line equalled unity, then the modeled MOEs accurately 
predicted the validation data MOEs. A two-tailed t-test with a confidence level of95 percent was 
used to judge whether or not the slope of the regression line equalled unity. 

Validation 
The calibrated model input data sets for each modeled network were run ten times. This 

number of runs was selected so that output would be available for comparison and pairing with each 
element of the individual intersection stopped delay and percent stops data in the validation data set. 
In terms of individual link travel times, the selection of ten runs implied comparison of the six 
validation values for each link to ten modeled values for each link. And, since the travel times from 
the model output were average statistics for all vehicles traveling the link during the selected run time 
of 15 minutes, the actual number of modeled vehicles represented by each modeled link travel time 
was a nominal 200 vehicles for all networks. Not only was the model data set significantly larger than 
the validation data set, but the data was also inherently more stable (with lower variance). 

Travel Time Analysis. Validation travel time data and the modeled travel times for the LRT 
and non-LRT modeling scenarios can be found in Tables B-5, B-6 and B-7 of Appendix B, 
respectively. A comparison of the individual link and directional network travel times, including the 
calculated difference and percent difference between modeled values and validation values, is 
presented in Appendix B, Table B-8. Table 5 summarizes the pertinent statistics from the latter table. 
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Table 5. Summa!I Statistics for Link Travel Time ComJ!arison 

Modelw/LRT Model w/o LRT 

Total Number Range of Links within Range of Links within 
of Links Percent ±20Percent Percent ±20 Percent 

Difference Difference 

Network I: 
EB 6 -53 to 47 3 -29to93 3 
WB 6 -31 to Ill 3 -20 to 129 5 

Network2: 
EB 9 -42 to 73 5 -39to44 4 
WB 9 8 to 123 1 2 to 128 4 

Network3: 
NB 7 -57 to 27 3 -64 to34 2 
SB 7 -56 to47 1 -79 to 104 3 

Network4: 
EB 6 -24 to 51 2 

Networks: 
WB 4 -13 to20 3 
EB 4 -21to38 2 

TOTAL 58 23 21 
0 

As indicated in Table 5, 23 of the 58 links, or 40 percent, in the "with LRT" simulation 
matched the validation data within plus or minus 20 percent. For the simulation "without LRT, 11 21 
of the 44 links, or 48 percent, matched the validation data within plus or minus 20 percent. Neither 
simulation reached the 80 percent of link travel times within the plus or minus 20 percent criteria that 
was established. Experience with the model pointed to greater platoon dispersion in the model than 
was present in the field traffic stream as the major cause of the discrepancy between model and 
validation data link travel times. 

Researchers chose not to conclude that individual link travel times could not be modeled 
accurately since such a conclusion would be based on only six runs of highly variable validation data. 
Rather, Figures 6 and 7 were constructed to illustrate the travel time progression, by link, in the LRT 
and non-LRT simulations, respectively. Review of the figures showed that where travel times were 
greater in the validation data, they were also greater in the model with good consistency - the peaks 
of the model matched closely with the peaks of the validation data. 
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Chapter FOllr - Results 

Two correlation analyses (one for the LRT simulation and one for the non-LRT simulation) 
were performed on all travel times, and the data were paired by link for the model and the validation 
field data. The resulting coefficient of correlation, r, was 0. 72 for the LRT simulation and 0.66 for 
the non-LRT simulation. Such results indicated a moderate correlation between the link travel times 
in the model and these same quantities in the validation data. Thus, while the modeled link travel time 
results did not meet the percentile criteria of acceptance, the model link travel times were 
representative of the travel time behavior of the validation values, as shown in Figures 6 and 7. 

Since the directional travel times for the validation data showed greater consistency, or less 
variance with respect to the mean, than the individual link travel times, researchers selected a 
Studentized t-test to determine whether or not the mean travel times by direction in each network 
from the model and the validation data were equal. Fifteen t-tests were performed; nine for the with
LRT simulation and six for the without-LRT simulation. Before at-test was performed, an F-test was 
performed to determine whether or not the variances were from the same population (i.e., to 
determine whether or not the variances could be pooled). If the result of this test was positive, the 
standard t statistic was computed. If the result was negative, researchers performed a form of the t
test for unequal variances, known as the Smith-Satterthwaite test. Table 6 shows the test results. The 
F-test was performed at the 95 percent confidence level. 

Table 6. Determination ofEgual Variances for Validation and Model Data 

F-Model F-Model Confidence Level Result* 
w/LRT w/oLRT 

w/ w/o w/ w/o 
LRT LRT LRT LRT 

Network 1: 
EB 7.32 16.04 0.995 >0.999 
WB 221.06 187.33 >0.999 >0.999 

Network2: 
EB 141.68 739.84 >0.999 >0.999 
WB 2.94 5.73 0.876 0.966 + 

Network 3: 
NB 34.74 238.19 >0.999 >0.999 
SB 5.49 44.18 0.986 >0.999 

Network4: 
EB 5.04 0.982 

Network 5: 
WB 5.38 0.985 
EB 8.83 0.997 
* + indicates equal variances, indicates non-equal variances 
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Knowing the result of the equal variances test, researchers selected the correct t-test for 
determining whether or not the validation and simulation data mean directional travel times were 
equal. The null hypothesis of all tests was that the two means were equal, and the alternative 
hypothesis was that the two means were not equal. Table 7 displays the results of this analysis. The 
tests were performed at the 95 percent confidence level. For both the LRT and non-LRT simulations, 
all directional travel time hypothesis tests failed to reject the null hypothesis, except for the WB 
direction of Network 2. Researchers believed this one exception to be caused by strong progression 
effects that could be calibrated on a link-by-link basis with model calibration adjustments, but not on 
a system-wide basis as well. Essentially, the platoon dispersion and downstream signal arrival times 
did not coincide appropriately, on a network progression basis, with the green window provided on 
the arterial. The strength of any conclusion based on this analysis is somewhat limited by the small 
sample size of the validation data. Thus, the overall analysis of directional travel times indicated that, 
with one exception, no evidence showed that the modeled directional travel times were different from 
validation data directional travel times at the 95 percent confidence level. 

LRTTravel Time Analysis. Priority forthe LRT made the travel times for LR Vs in Networks 
4 and 5 vary from the travel times for traffic. NETSIM was calibrated for transit in a similar fashion 
as the calibration for traffic. To validate field travel times for transit, measurements were made of the 
LRT travel time through the actuated networks and compared to the same values from the model. 
Figure 8 shows the link travel time comparison for Networks 4 and 5, Table 8 highlights the link 
travel time comparison, and Table 9 displays the results of the directional travel time comparison. 
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Figure 8. Calibrated Model LRT Travel Time Comparison to Validation Data 
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Table 7. Network Directional Travel Time Comparison Using the t-Test 

Validation Model Test* v t' Confidence Result 
Data Data Level 

Mean 92 Mean s2 

Model w/LRT 
Network 1: 
EB 133.2 269.8 136.4 36.84 * 5.831 0.459 0.334 not reject 
WB 146.7 857.9 147.9 3.881 "' 5.027 0.100 0.076 not reject 

Network2: 
EB 344.8 5394 317.l 38.07 "' 5.042 0.923 0.601 not reject 
WB 177.3 13.1 257.2 38.32 14 5.28 >0.999 reject 

Network 3: 
NB 138.3 713.1 127.1 20.52 * 5.173 1.018 0.645 not reject 
SB 162.3 1048 152.43 191.0 "' 6.113 0.709 0.495 not reject 

Network 4: 
EB 128.86 177.2 127.9 35.16 6.212 0.167 0.127 not reject 

Network5: 
WB 131.86 177.2 139.9 32.95 "' 6.135 1.403 0.790 not reject 
EB 154.43 614.0 149.2 69.56 * 5.688 0.500 0.362 not reject 

Model w/o LRT 
Network 1: 
EB 133.2 269.8 154.7 16.81 "' 5.377 3.148 0.975 not reject 
WB 146.7 857.9 150.0 4.580 "' 5.032 0.276 0.206 not reject 

Network2: 
EB 344.8 5394 307.0 7.29 "' 5.008 1.260 0.737 not reject 
WB 177.3 13.07 255.6 74.65 "' 13.02 25.21 >0.999 reject f Network 3: i\ 
NB 138.3 713.1 123.1 2.993 "' 5.025 1.393 0.777 not reject ... 
SB 162.3 1048 144.9 23.72 "' 5.136 1.308 0.752 not reject i ... 

~ * "' represents t-test with unequal variances, = represents t-test with equal variances I 

~ 
~ ~ s: 
~ ~ 



Chapter Four - Results 

Table 8. Calibrated Model LRT Travel Time Comparison to Validation Data 

Total Number Range of Links Within± 20 
of Links Percent Difference Percent 

Network4: 
WB 6 -24to 64 2 
EB 6 -35 to 30 3 

Network 5: 
WB 4 -17 to 14 4 
EB 4 -6 to 1 4 

TOTAL 20 13 

Table 9. LRT Directional Travel Time Comparison Using the t-Test 

Validation Model t Confidence Result 
Data Data Level 

Mean s2 Mean s2 

Network4: 
WB 143.5 4.950 145.95 3.369 0.8968 0.6091 not reject 
EB 175.5 19.09 147.4 5.516 5.2774 0.9996 reject 

Network 5: 
WB 138.5 19.09 131.0 8.434 1.0194 0.6679 not reject 
EB 134.0 11.31 129.5 10.12 0.5672 0.4169 not reject 

As demonstrated in Tables 8 and 9, the model accurately reproduced a majority of the 
individual link travel times within the plus or minus 20 percent criteria. Thirteen of the 20 links, or 
65 percent, were within acceptable limits. And, as with the directional travel times for traffic, the 
directional travel times for LRT in the model were not rejected at the 95 percent confidence level in 
mean comparison testing with the validation data. One exception was the EB direction in Network 
4, which in the field exhibited a greater travel time than in the model. The probable cause of the 
discrepancy was unusually long dwell times in this direction during the field data collection that, when 
translated into a mean and standard deviation for the model, could produce unrealistically low dwell 
times (researchers entered the known mean and standard deviation in the model, but took the field 
data during a time period of uncharacteristically high dwell). 

Individual Intersection MOE Analysis. Individual intersection stopped delay and percent 
stops output from the calibrated model compared much more favorably with its comparison field data 
than the original, uncalibrated model. The MOE information, presented in Table 10 and graphically 
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in Figures 9 and 10, was also subjected to numerical analysis in an effort to quantify its degree of 
accuracy. The ten individual validation measurements for each approach and each of the two MOEs 
were paired with their complementary data from the model. The paired data points were plotted, and 
a correlation coefficient was computed for both MOEs for the with and without LRT scenarios. 
Figures 11 through 14 show these scatterplots. A one-to-one sloped line was added to each figure 
to indicate that the ideal model output would produce a unity slope when plotted in such a fashion. 
The correlation coefficient, r, was also included on the figures. 

A regression analysis was also performed on the relationship between the plotted model 
output versus validation field data. For each of the four figures, a least squares best fit line was 
computed. The slope coefficient, DI> was calculated along with the standard error of IJ1. At-statistic 
was computed to test whether or not the slope of each regression line equalled one at the 95 percent 
confidence level. If the slope equaled one, it would indicate that the model was a good predictor of 
the stopped delay or percent stops MOE being analyzed. Table 11 shows the results of this analysis. 
All four model versus validation field data regression lines were rejected; however, Figures 11 
through 14 do indicate the moderately strong positive correlation between model and validation data 
stopped delay and the moderate positive correlation between model and validation data percent stops. 
Thus, while the model did not produce individual intersection MOEs that could be accepted at the 
95 percent level, it was shown that moderately strong relationships existed between the individual 
intersection MOEs and their counterparts from the validation data. 
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Table 10. Calibrated Model Intersection MOEs ~ 
i::: 

Mean StoEEed Dela,Y Mean Percent StoEs 
.., 
I 

Validation Model Model Validation Model Model ~ a 
Data w/ LRT w/o LRT Data w/ LRT w/o LRT a-

Flower & Washington 

EB Approach 2.27 4.47 5.8 13 12 17 

NB Approach 29.99 16.74 18.93 83 77 93 

Central & Washington 

EB Approach 6.13 5.22 5.62 24 38 40 

NB Approach 21.28 32.62 19.36 80 68 40 

First & Pacific 

NB Approach 10 6.37 6.2 56 78 76 

SB Approach 7.36 5.32 5.28 45 29 29 

Broadway & Pacific 

NB Approach 16.19 5.03 5.18 71 20 18 

SB Approach 20.86 18.28 30.62 68 51 76 

MLK & Holladay 

SB Approach 6.01 5.61 28 33.4 

l 22nd & Burnside 

NB AEEroach 31.41 25.53 73 74 
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Table 11. Regression Analysis of Model Output Versus Validation Data 

Slope, ~ 1 Standard t Confidence 
Error, Sh Level 

Stopped w/LRT 0.7945 0.06491 3.17 0.998 
Delay 

w/oLRT 0.7588 0.08182 2.95 0.996 

Percent w/LRT 0.7234 0.07875 3.51 >0.999 
Stops 

w/oLRT 0.4912 0.08929 5.70 >0.999 

Summary of Mcxiel Performance. The features of the traffic environment must be specified 
in order for the user to properly utilize the NETSTh1 model. Among these features are the topology 
of the roadway system, roadway geometrics, channelization, motorist behavior, traffic control 
devices, traffic volumes, turning movements, transportation modes, and specifications for transit 
systems (8). 

For each of the pretimed networks, the required input data was readily processed for entry 
into the model. Once the necessary information was assembled, the physical features of the roadway 
environment, the traffic volumes and turning percentages, and the traffic signal data were easily input 
into NETSTh1 in the model's card type format. The few exceptions to this rule included the fact that 
any links to the left ofleft-tum bays cannot be moving links - making it impossible in this scenario 
to directly model median running LRT - and the fact that links in the model have a minimum length 
of fifty feet. Modeling the median running (or side of street running) LRT given the constraint of the 
minimum link length requirement produced a network that not only was more complex to model, but 
also one which required cross street vehicles and arterial street left-turning vehicles to travel distances 
not present in the modeled environment. To assess the impact of this change in the modeled system, 
two conventions were used to perform the simulation using NETSTh1 - one with LRT and one 
without LRT. The system including LRT required additional inputs not present in the non-LRT 
system; among them, LRT vehicle acceleration, occupancy, and length characteristics, links and 
routes for LRT, transit station location infonnation, and mean dwell times and distributions for dwell 
times; however, since LRT was included in this convention, MOEs for transit were included in the 
summary output provided by the model. Such transit information as bus trips, person minutes spent 
on transit, and bus travel times were available in the output. 

The coordinated actuated (Network 4) and fully actuated (Network 5) networks used the 
same LRT node format as the pretimed networks. Since the LRT and traffic nodes were separated, 
the approach of LRVs did not directly impact signal control at the traffic nodes. While vehicles 
conflicting with the LRT still received green time in the presence of an LRV, the vehicles were not 
able to advance across the "tracks" at the LRT node. This coding allowed reasonably accurate 
modeling of field traffic, LRV, and controller behavior (with the exception of dwell in the coordinated 
phases) found in the field in Network 4. Coordinated phase dwell was used to "resync" controllers 
in the field that were unsynchronized by the priority of the approaching LRV, giving extra green to 
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the coordinated cross street phases. Since dwell could not be replicated in the model, some green 
time found in the field for the cross streets was not reproduced in the model. 

Calibration of the model consisted of using field observed means and distributions of start-up 
lost time and queue discharge headway rather than NETSIM default values for these parameters and 
repeated link "free flow" speed adjustments to coordinate downstream arrivals in the model with 
patterns observed in the field. Researchers monitored improvement caused by changes to the model 
by comparing the modeled output to a calibration field data set. Changes were easily noted since 
components of the summary output provided by NET SIM were directly comparable to observed 
calibration field data MOEs. The primary cause of discrepancies between the model and the 
calibration field data appeared to involve the queue discharge and platoon dispersion behavior in the 
model. NETSIM tended to "spread out" the platoon earlier and to a greater extent than observed 
behavior in the field. Some tools to control the dispersion of the traffic stream in the model, including 
the opportunity to change the free flow speed distribution, were available. 

Following calibration, the model was run to produce a simulation data set for comparison to 
the second part of the field data set, the validation field data. Three categories of comparisons were 
made: individual link travel times, network directional travel times, and individual intersection MOEs. 
Analysis showed that about 40 percent of modeled links displayed travel times within plus or minus 
20 percent of the validation field data. Correlation analysis showed a moderately strong correlation 
between validation field and model data. Network directional travel time analysis showed that most 
system-wide travel times were easily accepted at the 95 percent confidence level. Modeled travel 
times for LRT were acceptable for a majority of links and most directions. Individual intersection 
MOEs for the calibrated model were much improved over the uncalibrated model. Correlation 
analysis indicated a moderately strong correlation between validation field data and model stopped 
delay, as well as a moderate correlation between validation field data and model percent stops. The 
with-LRT convention seemed to produce results that were aligned more closely with the validation 
data than the without-LRT convention. 

The graphics component (GTR.AF) included in the TRAF software proved to be an invaluable 
asset throughout the investigation. Both the static and animated graphics supplied by the model 
assisted in describing how the input data was accepted by the model, in finding coding errors in the 
input data sets, and in clarifying the queue discharge behavior of the model. 

TRANSSIM J:1lM 

Calibration 
Following the entry of the input geometric, traffic volume, and signal timing data, few 

adjustments were required in order to run the model. Several of the inputs, including entries for LRV 
acceleration and deceleration, start-up lost time, average speeds for LRV s and automobiles, and the 
standard deviation of LRV entry into the modeled system, enabled adjustment of the model's 
environment parameters to field conditions. The one model parameter that did require adjustment 
through iterative runs of the program was the location of the detector that notified the downstream 
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intersection of an approaching LRV in the priority networks (Networks 4 and 5). This distance was 
nominally the braking distance of the LRV plus any remaining distance required to produce the time 
equivalent of the minimum phase duration on the cross street. 

Modeling LRT in TransSim IfM. A number of information elements were required to 
accurately model LRT in TransSim II™. Because the program is microscopic with respect to LRV 
behavior (i.e., the LRVs are tracked through the system and directly detected to receive priority 
calls), any physical or control elements that impacted the LRV had to be identified and entered. This 
information included: 

1. The location of the intersection along the LRT route; 
2. The location of notification, commitment, and checkout detectors; 
3. The automobile phase associated with train movement through the intersection; 
4. Time-to-green when a call is placed at a notification detector; 
5. Minimum phase durations for phases that could be shortened during priority calls; 
6. The location and service times of stations along the route; 
7. Scheduled headways for LRVs in the system; 
8. The speed through the system, which could be changed along the route if variable 

speeds were found in the field; 
9. LRV acceleration and deceleration rates; and, 
10. The type of priority and control found in the field environment, which could be varied 

from intersection to intersection. 

In the pretimed, non-priority networks, some of this input information was not applicable to 
the field scenario being simulated. For all networks, the above inputs for the LRV and the traffic, and 
phasing input information was easily entered and required no adjustment (with the exception of 
detector placements mentioned above) before the final simulation runs of the program were made. 
Thus, LRT descriptive information was easily entered into the model and the calibration step for 
TransSim II™ was expeditiously completed. 

Selection of Appropriate Test Statistics 
Because the outputs from TransSim II™ and NETSIM were compared to the same field data, 

it was necessary to use the same MO Es as the basis of the comparison. The standard MOE for link 
behavior was the automobile link travel time and the LRT link travel time; the MOE for system 
behavior was the directional travel time for both automobiles and LR Vs; and the MO Es for individual 
intersection performance were the stopped delay and percent stops at a minimum of one intersection 
in each network. 

It was necessary to convert MOEs in the output ofTransSim II™ to MOEs that could be 
compared directly to the field data. Total delay at each approach to modeled intersections was a 
primary output of TransSim II™. Researchers converted this delay quantity to a travel time by 
adding the computed delay to the time it took for a vehicle travelling along the approach link to reach 
the intersection from the upstream intersection (distance divided by free flow speed). The calculated 
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link travel times were easily accumulated to produce directional travel times. For individual 
intersection approaches, the total delay output by the model was divided by the conversion from total 
delay to stopped delay, 1.3, to produce the model estimate of intersection stopped delay. As 
TransSim II™ did not output percent stops information, researchers did not use this component of 
the field data in this analysis. 

In the interest of preserving a uniform base of comparison, and for similar reasons as those 
discussed for the NETSIM data, researchers used the same statistics to compare TransSim II™ 
output to the field data as they used to compare NETSIM output to the field data. After the 
conversion of the output to a form comparable to the field data, the statistical analysis began. Link 
travel times for both automobiles and LRV s were compared and the criteria for acceptable individual 
link output was within plus or minus 20 percent of the field data. Model automobile and LRV 
directional travel times were compared to their field counterparts using t-tests to determine whether 
or not the model and field means were equal at the 95 percent confidence interval. Finally, individual 
intersection stopped delay from the model was analyzed using a correlation coefficient with the field 
data and a plot was made of the model and field stopped delays. A one-to-one slope of the resulting 
line would indicate that the model was a perfect predictor of field stopped delay. Researchers 
assessed the quality of the model representation of field stopped delay using a regression line for the 
plotted data and statistically comparing the line to the unity slope line. 

Validation 
TransSim II™ was run ten times for each of the five networks using different random number 

seeds. This procedure was facilitated by a multiple run output selection provided in the model. As 
found with NET SIM earlier, the model output tended to be more stable (of lower variance) than the 
field data for travel times and comparable to the field data for individual intersection MOEs. 

Travel Time Analysis. Appendix B, Table B-5 shows the validation data used in the travel 
time analysis. The results of the TransSim II™ runs are found in Appendix C, Table C-1. The 
comparison table, including the algebraic difference and percent difference for link travel times, can 
be found in Appendix C, Table C-2. Summary statistics of the analysis are found in Table 12. 

As shown in Table 12, 22 of the 58 links, or 38 percent, matched the validation data within 
plus or minus 20 percent. Though the model data did not reach the criteria of 80 percent of the link 
travel times within plus or minus 20 percent, the model appeared to over- or under-predict randomly. 
The macroscopic nature of the traffic model in TransSim II™ did not inhibit its ability to predict link 
travel times in the modeled networks. Macroscopic modeling is limited, however, in near- and over
saturated conditions as queues can cause interferences with upstream intersections and vehicles can 
be delayed for more than one cycle at an intersection. Figure 15 was constructed to illustrate the 
mean link travel time similarities between the model and field data. 
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Table 12. Summary Statistics for Link Travel Time Comparison 

Modelw/LRT 

Total Number of Range of Percent Links within ±20 
Links Difference Percent 

Network 1: 
EB 6 -45 to 34 3 
WB 6 -45 to 182 2 

Network2: 
EB 9 -41to20 3 
WB 9 -5 to 71 5 

Network3: 
NB 7 -55 to 47 1 
SB 7 -74 to 49 0 

Network4: 
EB 6 -29 to 43 3 

Networks: 
WB 4 -9 to 15 4 
EB 4 -34 to 65 1 

TOTAL 58 22 

The directional travel times from the model were compared to the field data using the 
Studentized t-test. Due to the small sample sizes of directional travel time means and the degree of 
variance of the field data, an F-test was performed on the variances of the field and modeled data sets 
to determine whether or not the variances were equal. If researchers judged the variances to be 
equal, the standard t-test was used. If not equal, a form of the t-test known as the Smith
Satterthwaite test was used. The results of the F-test for equal variances is found in Table 13 and 
Table 14 shows the results of the directional travel time comparison. 
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Chapter Four - Results 

Table 13. Determination ofEgual Variances for Validation and Model Data 

F-Model Confidence Level Result* 
w/LRT 

w/LRT w/LRT 

Network I: 
EB 48.82 >0.999 
WB 185.59 >0.999 

Network2: 
EB 1307.4 >0.999 
WB 25.14 >0.999 

Network3: 
NB 2.66 0.9041 + 
SB 2.41 0.8810 + 

Network4: 
EB 1.06 0.4978 + 

Network 5: 
WB 33.49 >0.999 
EB 36.89 >0.999 

* + indicates equal variances, - indicates non-equal variances 

Table 13 shows that the variances of directional travel time in Networks 3 and 4 were close 
enough to their field counterparts to use the standard t-test. For the remaining networks, the Smith
Satterthwaite form of the t-test was used. 

Table 14 shows the results of the t-testing between the field and modeled directional travel 
times. All of the t-tests were performed at the 95 percent confidence interval and used the same null 
and alternative hypotheses; the null hypothesis was that the field and modeled means were equal, and 
the alternative hypothesis indicated the contrary. With one exception, all t-tests failed to reject the 
null hypothesis. Essentially, the modeled and field directional travel times were equivalent at the 95 
percent confidence level. The one exception was the westbound direction ofNetwork 2. Familiarity 
with the model and field conditions pointed to strong progression effects in the field that could not 
be accounted for in the model as the cause of this discrepancy. Also, the unusually low variance of 
the field travel time for this direction indicated that the t-test would have a narrow confidence 
interval, even at the 95 percent confidence level. 
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l?" 

Validation Model Test* v t' Confidence Result 
Data Data Level 

Mean 82 Mean 82 

Model w/LRT 
Network 1: 
EB 133.2 269.8 123.21 5.52 * 5.123 1.4807 0.8012 not reject 
WB 146.7 857.9 129.76 4.62 * 5.032 1.4144 0.7836 not reject 

Network2: 
EB 344.8 5394 259.00 4.12 * 5.005 2.8609 0.9646 not reject 
WB 177.3 13.1 220.27 0.52 * 5.239 28.7405 >0.999 reject 

Network3: 
NB 138.3 713.l 125.48 267.6 14 0.0582 0.0456 not reject 
SB 162.3 1048 166.17 434.7 = 14 0.0115 0.0090 not reject 

Network 4: 
EB 128.86 177.2 135.61 187.7 = 14 0.0722 0.0565 not reject 

Network5: 
WB 131.86 177.2 139.82 5.29 * 5.179 ·1.4518 0.7937 not reject 
EB 154.43 614.0 164.59 16.65 * 5.163 0.9963 0.6351 not reject 

* * represents Mest with unequal variances, = represents t-test with equal variances 



Chapter Four - Resrilts 

LRT Travel Time Analysis. LRT travel time in Networks 4 and 5 consisted ofLRV travel 
time at ideal speed plus time delayed at signals in the network, LRV acceleration and deceleration at 
signals and stations, and the dwell times at stations to seivice passengers. This information was taken 
from the TransSim Ii™ output by adding the LRT delay at each intersection to the ideal travel time 
along transit links and, for links with stations, also adding the time for passenger service and time lost 
during deceleration and acceleration. Table 15 highlights the link travel time comparison, Table 16 
shows the results of the directional travel time comparison, and Figure 16 presents the travel times 
by link in graphical format. 

Table 15. Calibrated Model LRT Travel Time Comparison to Validation Data 

Total Number Range of Links Within± 20 
of Links Percent Difference Percent 

Network4: 
WB 6 -39 to 65 2 
EB 6 -36 to 14 3 

Network 5: 
WB 4 -28 to 63 1 
EB 4 -9 to 38 2 

TOTAL 20 8 

Table 16. LRT Directional Travel Time Com2arison Using the t-Test 

Validation Model t Confidence Result 
Data Data Level 

Mean s2 Mean s2 

Network4: 
WB 143.5 4.950 138.75 12.10 0.5387 0.3981 not reject 
EB 175.5 19.09 131.89 20.73 2.7370 0.9791 reject 

Network 5: 
WB 138.5 19.09 144.44 9.32 0.7441 0.5261 not reject 
EB 134.0 11.31 146.71 10.84 1.5071 0.8373 not reject 
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Figure 16. TransSim II™ LRT Travel Time Comparison to Validation Data 

As shown in Table 15, eight of the 20 modeled LRT links, or 40 percent, matched their field 
counterparts within plus or minus 20 percent. In the directional travel time comparison, three of the 
four system travel times were not rejected at the 95 percent confidence interval. The one exception 
was the eastbound direction in Network 4, which in the field demonstrated unusually high station 
dwell times during the field data collection. Figure 16 above shows the model and field LRT travel 
times through Networks 4 and 5 and the similarity in LRT behavior between the two. 

Individual Intersection MOE Analysis. The individual intersection MOE analysis for 
TransSim II™ consisted of comparing the field stopped delay at selected intersection approaches in 
each network to the stopped delay (computed as total delay divided by a 1.3 conversion factor) 
generated by the model. The analysis results are presented in Table 17 and graphically in Figure 17. 
Researchers compared the stopped delays by pairing the complementary delay values from the model 
and field and graphing the result, found in Figure 18. A unity slope line was included on the figure 
to indicate the result if the model was a perfect predictor of field stopped delay. Also included is the 
correlation coefficient for the paired data elements, interpreted as the strength of the relationship 
between the model and field data sets (0 = no relationship, 1 = positive linear relationship). A 
regression line was computed for the relationship between the field and modeled data. Using a 95 
percent confidence level t-test, researchers compared the slope of this line to the unity slope. Though 
this comparison of slopes was rejected, the moderate predictive capabilities of TransSim II™ for 
individual intersection stopped delay are demonstrated in Figure 18. 
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Chapter Four - Resuhs 

Table 17. TransSim II™ and Field Intersection MOE 

Flower & Washington 

EB Approach 
NB Approach 

Central & Washington 
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Chapter Four • Results 

Summary of Model Performance. The pull-down menu format of TransSim II™ provided 
an understandable, organized, and efficient means of data entry. Input information, such as traffic 
volumes entered under their related roadway links and signal phase information under the appropriate 
intersection number, was logically located in sub-menus. No unusual configuration was necessary 
for the five modeled networks, and the means of specifying signal control type was facilitated by 
simply selecting the priority level (a defined code with a variety of control types possible for selection 
at each intersection) for the intersection. The selection of a priority level for transit and the entry of 
subsequent control and phasing information for this priority level were the main differences in coding 
between the pretimed, non-priority networks (1, 2, and 3) and the semi-actuated and fully actuated 
priority networks ( 4 and 5, respectively). 

Following data entry and detector calibration for the priority networks, researchers made the 
final TransSim II™ runs. The output ten runs formed the data set that was statistically compared to 
the field validation data. Automobile travel time comparisons demonstrated that individual link travel 
times were moderately replicated by the model and that system directional travel times were well 
represented by the model. Similarly, travel times for LRT were modeled successfully for major 
directions and with moderate success for individual system links. Researchers modeled individual 
intersection stopped delay with moderate success using TransSim II™ 

The format of the output files proved as clear and concise as the data entry format. Different 
types of information were located in files with different extensions so that the desired information 
could be found and viewed exclusively. Files with the LRT extension contained information and 
MOEs pertaining to LRT perfonnance by LRV and by signal; files with the STA extension displayed 
dwell times for each station; files with a PRE extension showed the time that detectors registered 
priority calls for transit, the time priority was initiated, and the time the LRV "checked out" of the 
intersection; and files with the TRF extension provided traffic MOEs for each modeled intersection 
in the network. Specific output can also be requested for any modeled link to identify behavior of 
vehicles on the link or for any LR V to display the speed and location of the LR V at every second 
during the simulation. Graphic output was also available for the simulation. The graphics could be 
viewed for an individual intersection or for the entire transit corridor being modeled. Inspection of 
the graphics for each intersection showed the simulation time, signal status for each approach, queue 
buildup during red indications, presence of LR Vs, and priority calls and recovery periods attributable 
to transit. The system-wide view afforded by the graphics helped identify coding errors and 
contributed to an understanding of LR T treatment in the modeL 

Page 59 





Chapter Five - ConclusUms and Recommendations 

CONCLUSIONS AND RECOMMENDATIONS 

This final chapter contains the major conclusions and recommendations of this research, which 
was conducted to evaluate NETSTh.f and TransSim II™ for modeling LRT in urban arterial street 
networks. To date, little research has been done to develop a procedure or tool for evaluating the 
transportation network impacts ofLRT implementation or operational changes in an existing LRT 
system. The conclusions of this research, as stated below, identify the strengths and limitations of 
NETSTh.f and TransSim II™ as tools for assessing the impacts ofLRT on pretimed, semi-actuated 
and fully actuated networks. 

CONCLUSIONS 

Travel time and individual intersection stopped delay and percent stops data were collected 
from five networks with LRT systems as measures of the modeling performance ofNETSTh.f and 
TransSim II™. Through calibrating and validating the models, the following points were emphasized 
as summary conclusions of this research: 

1. The design of the data collection of field descriptive parameters and MO Es around 
the input and output requirements and capabilities of the models proved conducive 
to an efficient field data collection. The designed plan served as a framework or 
guide, the individual elements of which were filled in through the organized effort of 
the data collectors. The use of video equipment was especially helpful since the 
permanent "file" was referred to time and again during the calibration process, even 
after all field input and MOE data was collected. 

2. Restrictions in the source code of NETSTh.f required complex input coding for 
inclusion ofLRT in the model; however, the model output that included LRT did not 
vary greatly from the output that was coded only for automobile traffic (pretimed 
Networks 1, 2, and 3). This coding did allow for obtaining LRT operations MOEs 
from the model as well as the traffic descriptive MOEs. 

3. Parameters in NETSTh.f that could be adjusted to calibrate the model to field 
conditions included start-up lost time, queue discharge headway, free flow speed, and 
the distributions of each. Other potential adjustments included distributions for eight 
other parameters, including turning speeds and gap acceptance, but the data collection 
for such calibration was not possible within the limited data collection time. Most 
large-scale model adjustments were accomplished most effectively by altering free 
flow speed, and these adjustments were made to remove some of the effects of 
platoon dispersion, which was greater in the model than in the field. 

Aside from the initial data entry of some field descriptive parameters, only one other 
adjustment (detector placement) was necessary before final output data sets could be 
generated from TransSim II™. 
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4. The performance of the calibrated model was assessed by comparison of link travel 
times, network directional travel times, and individual intersection MOEs to field 
observed values. NETSIM and TransSim II™ were able to replicate the general 
trends of link travel times, but were only able to reproduce roughly 50 percent of link 
travel times within plus or minus 20 percent. 

For NETSIM, the nine network directional travel times for the with-LRT simulation 
and the six directional travel times for the without-LRT simulation were not rejected 
at the 95 percent level, with the exception of one direction of one network. This 
discrepancy was attributed to progression effects in the field that could not be 
recreated in the model due to its platoon dispersion. In TransSim II™, the nine 
directional travel times were accepted at the 95 percent confidence level, with the 
exception of one direction in one of the networks. Again, strong platoon progression 
effects in the field that could not be wholly represented in the model caused the 
discrepancy. 

Individual intersection model stopped delay and percent stops output from NETSIM 
correlated with their field counterparts in a moderate and strong relationship, 
respectively. TransSim II™ was a moderate predictor of individual intersection 
stopped delay. For this LRT modeling investigation, both models proved more 
accurate in replicating system-wide field measures than individual approach or 
intersection measures; however, the models could reproduce the underlying 
relationships which produced the individual approach and intersection measures. 

5. Based on the results of this research, researchers concluded that both models could 
simulate the systems and control behavior of the LRT networks under study. The 
model outputs were more representative of field data for system-wide measures of 
effectiveness than for MOEs at individual intersections. As in all applications, the 
user should be aware of the limitations of the software and should calibrate and 
validate the model to ensure credible results. 

RECOMMENDATIONS FOR FUTURE RESEARCH 

Based on the results and conclusions of this study, the following recommendations were made 
for using NETSIM and TransSim Il™ to model LRT: 
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1. If it is only necessary to obtain impacts of a pretirned signalization scheme on traffic, 
the system should be coded in NETSIM without the LRT included. Only if it is 
necessary to obtain MOEs for LRT or transit riders should the effort to code LRT in 
the system be undertaken. In systems where LRT detection influences signal 
operations, one should include transit in the modeled system. 



Chapter Five - Concluskms and Recommendations 

2. The minimum link length requirement or the restriction that lanes to the left ofleft
tum bays not be moving lanes should be removed so that transit can be modeled in 
realistic arterial environments. 

Additionally, and for purposes of calibrating NETSIM to known field traffic stream 
behavior, another parameter should be available to the NETSIM user to directly 
control the degree of platoon dispersion in the model. 

3. Prior to future analyses involving NETSIM and/or TransSim II™, one should 
calibrate and validate the model. Only through aligning the model to the existing or 
anticipated conditions can credible results be obtained from the model. The 
calibration step also familiarizes the user with the limitations of the software and 
identifies the reliability of the MO Es provided by the model. 

4. This research has simulated LRT in non-priority pretimed networks and full priority 
semi-actuated and fully actuated networks. There are other types of priority between 
these extremes and a variety of means to recover green on cross streets that was given 
up during priority calls. One should investigate and simulate these additional priority 
types using NETSIM and TransSim II™ to determine the best simulation 
configuration and format for each model. It is anticipated that the results of such 
testing would be similar to the results of this research. 
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STOPS - CALIBRATION DATA AND VALIDATION DATA 
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Table A-1. First and Pacific 

NB Approach, 5 minute interval 

Mean Mean 

Interval Delay/veh % stops Volume 

1 8.65 0.50 26 
2 4.29 0.38 21 
3 11.11 0.63 27 
4 7.50 0.50 14 

CALIBRATION 5 6.52 0.48 23 
DATA 6 18.33 0.89 18 

7 5.87 0.65 23 
8 15.00 0.43 21 
9 9.44 0.59 27 
10 7.80 0.68 25 

11 9.17 0,61 18 
Mean 9.43 0.58 

Std. Dev. 4.10 0.14 

12 15.00 0.67 24 
13 12.63 0.53 19 
14 7.03 0.50 32 
15 9.00 0.70 30 

VALIDATION 16 7.86 0.52 21 
DATA 17 6.18 0.29 17 

18 11.25 0.65 20 
19 11.43 0.67 21 
20 10.59 0.53 17 
21 15.00 0.81 21 
22 4.00 0.33 15 

Mean 10.00 0.56 

Std. Dev. 3.55 0.16 
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Table A-2. First and Pacific 

SB Approach, 5 minute interval 

Mean Mean 

Interval Delay/veh % stops Volume 

1 7.20 0.44 25 
2 4.62 0.35 26 
3 9.29 0.33 21 
4 10.71 0.61 28 

CALIBRATION 5 4.29 0.39 28 
DATA 6 9.00 0.45 20 

7 6.77 0.58 31 
8 2.73 0.18 22 
9 10.65 0.52 31 
10 6.32 0.47 19 

ll 3,75 O,JQ 20 
Mean 6.85 0.42 

Std. Dev. 2.80 0.13 

12 6.50 0.43 30 
13 4.29 0.25 28 
14 1.88 0.19 16 
15 13.24 0.59 17 

VALIDATION 16 9.29 0.52 21 
DATA 17 10.38 0.38 13 

18 11.79 0.57 14 
19 6.92 0.46 13 
20 3.95 0.47 19 
21 4.69 0.50 16 
22 8.08 0.54 13 

Mean 7.36 0.45 

Std. Dev. 3.56 0.13 
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Table A-3. Broadway and Pacific 

NB Approach. 5 minute interval 

Mean Mean 

Interval Delay/veh % stops Volume 

1 11.91 0.65 34 
2 18.75 0.72 36 
3 18.64 0.64 33 
4 13.00 0.60 30 

CALIBRATION 5 10.50 0.80 20 
DATA 6 17.31 0.69 26 

7 9.13 0.65 23 
8 19.14 0.59 29 
9 21.38 0.75 40 
10 20.63 0.69 32 
11 13.18 0.67 33 

12 2Q,QQ 0,61 24 
Mean 16.13 0.68 

Std. Dev. 4.30 0.06 

13 16.58 0.76 38 
14 18.33 0.69 45 
15 15.69 0.62 65 
16 17.87 0.72 47 

VALIDATION 17 23.10 0.86 50 
DATA 18 13.82 0.55 38 

19 15.41 0.59 37 
20 11.72 0.72 32 
21 15.81 0.76 37 
22 20.81 0.81 31 
23 12.16 0.81 37 
24 12.93 0.59 29 

Mean 16.19 0.71 

Std. Dev. 3.44 0.10 
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Table A·4. Broadway and Pacific 

SB Approach., 5 minute interval 

Mean Mean 

Interval Delay/veh % stops Volume 

1 10.83 0.67 18 
2 21.14 0.59 22 
3 20.83 0.61 18 
4 18.75 0.80 20 

CALIBRATION 5 13.00 0.50 30 
DATA 6 21.25 0.58 24 

7 30.60 0.84 25 
8 20.87 0.48 23 
9 12.39 0.52 23 
10 22.17 0.78 23 
11 29.00 0.80 15 

12 UUJ 0,71 24 
Mean 19.91 0.66 

Std. Dev. 6.02 0.13 

13 14.46 0.39 28 
14 19.80 0.72 25 
15 21.52 0.83 23 
16 21.88 0.67 24 

VALIDATION 17 15.00 0.61 23 
DATA 18 19.20 0.68 25 

19 25.26 0.79 19 
20 34.29 0.79 14 
21 23.57 0.71 14 
22 15.00 0.73 22 
23 30.00 0.73 15 
24 10.31 0.56 16 

Mean 20.86 0.68 

Std. Dev. 6.85 0.12 
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Table A-5. Central and Washington 

EB Approach., 6 minute interval 

Mean Mean 

Interval Delay/veh % stops Volume 

1 14.00 0.37 75 

2 5.07 0.16 74 

3 5.48 0.22 63 
4 10.71 0.31 70 

CALIBRATION 5 11.07 0.31 84 

DATA 6 10.26 0.21 76 

7 4.09 0.24 55 

8 8.08 0.18 65 

9 12.05 0.30 66 

lQ 5,94 0,12 53 

Mean 8.67 0.25 

Std. Dev. 3.40 0.07 

11 4.74 0.16 57 

12 8.84 0.36 56 

13 7.92 0.29 72 

14 7.77 0.21 56 

VALIDATION 15 2.03 0.17 59 

DATA 16 5.34 0.24 59 

17 5.53 0.18 76 
18 7.02 0.31 62 
19 6.75 0.28 40 
20 5.37 0.19 67 

Mean 6.13 0.24 

Std. Dev. 1.96 0.07 
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Table A-6. Central and Washington 

NB Approach, 6 minute interval 

Mean Mean 

Interval Delay/veh % stops Volume 

1 23.64 0.85 99 

2 31.32 1.00 91 

3 25.00 0.92 93 

4 26.42 0.88 88 

CALIBRATION 5 24.15 0.84 82 
DATA 6 17.53 0.88 89 

7 17.25 0.88 80 

8 18.70 0.91 77 

9 21.61 0.85 84 

10 2601 0 85 79 

Mean 23.16 0.88 

Std. Dev. 4.46 0.05 

11 24.52 0.89 93 

12 24.25 0.84 73 

13 23.72 0.82 74 

14 19.62 0.83 78 
VALIDATION 15 27.07 0.84 82 
DATA 16 17.23 0.78 74 

17 23.36 0.79 70 

18 17.39 0.71 69 
19 17.08 0.78 65 
20 18.62 0.74 58 

Mean 21.28 0.80 

Std. Dev. 3.68 0.05 
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Table A-7. Flower and Washington 

EB Approach, 5 minute interval 

Mean Mean 

Interval Delay/veh % stops Volume 

1 2.47 0.11 73 

2 3.00 0.04 70 

3 3.70 0.22 73 

4 2.50 0.08 60 

CALIBRATION 5 3.68 0.16 57 

DATA 6 1.18 0.08 51 

7 1.30 0.09 81 

8 4.29 0.18 56 

9 2.95 0.14 56 

10 4.18 0.10 61 

11 3.62 0.10 58 

12 5,Q~ Q,23 65 

Mean 3.16 0.13 

Std. Dev. 1.17 0.06 

13 0.32 0.02 47 

14 2.80 0.10 59 

15 2.11 0.09 57 

16 0.00 0.00 53 
VALIDATION 17 2.88 0.15 52 
DATA 18 3.06 0.18 49 

19 1.39 0.11 54 
20 1.67 0.16 45 
21 4.39 0.15 41 
22 2.78 0.22 54 
23 2.84 0.14 37 

24 3.06 0.22 49 

Mean 2.27 0.13 

Std. Dev. 1.25 0.07 

Page 75 



Appendix A 

Table A-8. Flower and Washington 

NB Approach, 5 minute interval 

Mean Mean 

Interval Delay/veh % stops Volume 

1 25.50 0.87 30 

2 26.13 0.81 31 

3 6.43 0.57 28 

4 30.68 0.91 22 

CALIBRATION 5 17.05 0.73 22 

DATA 6 35.25 0.80 20 

7 16.80 0.72 25 

8 15.00 0.72 29 

9 39.55 0.55 11 

10 15.00 0.57 30 

11 22.11 0.84 19 

12 47.05 0.68 22 
Mean 24.71 0.73 

Std. Dev. 11.75 0.12 

13 19.50 0.90 20 

14 30.00 0.85 20 

15 37.06 0.76 17 

16 11.25 0.75 16 
VALIDATION 17 34.04 0.77 26 
DATA 18 30.00 0.85 13 

19 27.69 1.00 13 
20 26.47 0.82 17 

21 46.50 0.60 10 
22 26.25 0.90 20 

23 40.00 1.00 6 

24 31.07 0.79 14 

Mean 29.99 0.83 

Std. Dev. 9.21 0.11 
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Table A-9. MLK and Holladay 
SB Approach, 6 minute interval 

Mean Mean 
Interval Delay/veh % stops Volume 

1 1.94 15.05 93 

2 3.61 18.99 79 

3 5.92 29.58 71 
4 4.05 22.00 100 

CALIBRATION 5 7.21 34.35 131 
DATA 6 3.68 19.30 114 

7 6.19 22.94 109 

8 8.44 37.50 160 

9 8.94 32.69 156 

10 11.91 41.22 131 

Mean 6.19 27.36 
Std. Dev. 3.02 8.89 

11 7.64 41.40 157 
12 6.06 23.18 151 

13 4.29 15.97 119 
14 6.96 38.12 181 

VALIDATION 15 11.17 39.85 133 
DATA 16 3.72 20.51 117 

17 7.33 32.56 129 
18 4.40 25.56 133 
19 5.20 25.00 124 
20 3.32 17.14 140 

Mean 6.01 27.93 
Std. Dey 2.37 9.43 
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Table A-10. 122od and Burnside 
NB Approach. 6 minute interval 

Mean Mean 

Interval Delay/veh % stops Volume 

1 24.08 52.63 76 

2 24.32 60.81 74 

3 28.39 80.99 121 

4 38.13 72.29 83 

CALIBRATION 5 27.17 62.22 90 

DATA 6 39.45 86.30 73 

7 34.35 72.00 100 

8 26.67 75.00 108 

9 43.33 86.67 90 

10 38.28 74.63 67 

Mean 32.42 72.35 

Std. Dev. 7.08 11.11 

11 30.88 83.19 119 

12 24.69 70.77 65 

13 39.87 91.23 114 

14 27.69 64.10 117 

VALIDATION 15 23.31 58.68 121 

DATA 16 39.59 73.87 111 

17 43.65 93.00 100 

18 20.69 51.72 87 

19 28.81 64.36 101 

20 J~.ss ZZ.11 83 

Mean 31.41 72.80 
Std Dey, 7 80 13.62 
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Table B-1. Calibration Travel Time Data 

NdWolk I: Los Allgelcs: Runl Run2 Run3 llun4 llunS llun6 Mean std. Dev. 
start Time 6:21 6:47 7:08 7:24 7:44 8:00 
West to Bat 
I. Flower to Grand 42 33 53 66 32 22 41.33 IS.97 
2. Grand to Olive 6 1 88 II 6 10 21.33 32.73 
3. Olive to Hill 7 13 24 1 88 6 24.17 32.00 
4. Hill to Btoodway 8 7 7 13 7 7 8.17 2.40 
s. Broodway"' Main 10 1 SI 6 J7 10 J6.83 17.17 

R Mlil m ''°' ama:m ll Iii :111 § 12 :z l:Z!lll 1~~2 
TOTAL 84 83 271 111 162 62 128.83 77.73 

StartTllllC 6:43 7:02 7:21 7:311 7:S6 8:12 
East to West 
I. Los Angelos to Main 10 10 12 10 12 JO 10.67 1.03 
2 Main"' Broodway 62 9 12 9 57 SS 34.00 26.41 
3. Broodwayto Hill 56 8 86 33 9 10 33.67 31.83 
4. Hill to Olive 9 II 6 9 7 6 8.00 2.00 
S. OlivetoGnnd s 7 8 JO s 6.67 2.07 
6. Grand to Flower 69 79 69 71 38 70 66.00 14.23 
TOTAL 2Jl 124 193 142 128 IS6 159.00 35.62 

NdWolk 2: Los Angelos llun I Run 2 llun3 llun4 RunS Run6 Mean std. Dev. 
start Time 6:33 6:50 7:11 7:29 1:4S 11:02 
Wat to EM!: 
I. Los Angelos to Maple 3S 33 48 13 S2 18 33.J7 IS.S9 
2. Maple to Ttinity 2S 4S 26 49 S2 47 40.67 11.98 
3. Ttinity to San Pedro S6 22 17 14 16 14 23.17 16.3S 
4. San Pedro to Orillith 30 38 26 32 29 40 3250 S.43 
s. Otillilh to O:nllal 2S 34 2S 27 2S 28 27.33 3.SO 
6. Cenllal to Naomi 24 4S 19 29 2S 21 27.17 9.39 
7. Naomi to Hooper 17 14 14 14 16 12 14.SO 1.76 
8. Hooperto Long Beach 62 77 84 61 67 71 70.33 8.94 

2 l&mBs1'11kl6lmnMA §2 Sil §J IZ 1Ci z~ §l:D 2lDl 
TOTAL 356 369 322 2S6 358 326 331.17 41.30 

stertTuno 6:40 7:00 7:18 1:36 7:54 8:09 
EuttoWost 
J. Alameda to Long Badl 26 102 21 40 26 26 40.17 30.96 
2. Long Beach to Hooper 21 20 19 19 18 19 19.33 1.03 
3. Hooper to Naomi 16 14 14 II 12 14 13.SO 1.16 
4. Naomi to Cenlral 27 23 29 19 3S 17 lS.00 6.69 
s. Cenlial to Orillilh 22 19 21 21 20 23 21.00 1.41 
6. Griflilh to San Pedro 36 31 32 34 33 41 34.SO 3.62 
7. San Pedro to Ttinity 12 13 13 13 13 13 12.83 0.41 
8. Ttinity to Maple 19 17 18 16 18 22 18.33 2.07 
9. M~ to Los Anaeles 17 17 21 14 17 20 17.67 2.SO 
TOTAL 196 256 188 187 192 195 202.33 26.54 

Netwod< 3: Long Beach Runl Run2 Run3 Run4 RunS Run6 Mean std. Dev. 
StartTllne 4:28 4:36 4:4S S:07 S:2S S:41 
Sou1h to Nonh: 
I. 1st to Broadway 12 28 39 IS 9 II 19.00 11.92 
2. Bloadwoy to 3rd 16 16 3S 14 14 9 17.33 9.03 
3. 3rd to4dl II II 12 13 9 8 10.67 1.86 
4 ..... to Sib 12 13 9 9 II 8 10.33 1.97 
s. Sib to 6th 41 38 39 29 40 38 37.SO 4.32 
6. 611!. to 7lb 13 10 12 14 13 13 12.SO 1.38 
:z 11111!1 lllb II :ill j.l 12 I~ 2!i 21 !i2 l!Z!i 
TOTAL 120 148 183 118 114 118 133.SO 27.22 

Start Time 4:31 4:39 4:48 S:l2 S:28 S:44 
North to South: 
l. 8lh to71b 44 34 17 IS 14 12 22.67 13.14 
2. 71h to61h 11 10 63 II Jl 60 27.67 26.23 
3. 6tb to51b 10 10 23 10 II 23 14.SO 6.60 
4. Stb to4dl 10 10 10 10 9 12 10.17 0.98 
s ..... to 3rd SS 54 54 52 45 S6 5267 3.98 
6. 3rd to Btoodway 4S 12 14 12 II II 17.SO 13.Sl 
7. Bma~ to 1st 12 17 10 21 10 JO J4.33 6.11 
TOTAL 187 147 191 137 Ill 184 IS9.SO 32.75 
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Table B-1. Calibration Travel Time Data (continued) 

Nctw<idt 4: Portland: llun 1 R.un.2 R.un3 llun4 R.unS R.un6 R.un 7 Mean Sid. Dev. 
SlartTime 7:16 7:22 7:28 7-.34 7:41 7:49 7:SS 
West to East: 
I. MLK to Gnnd l8 42 43 16 44 24 21 32.S7 10.49 
2. Gnnd to 6111 8 8 8 20 17 8 23 13.14 S.88 
3.61hto 111>. 17 18 18 9 12 37 12 17.S7 S.80 
4.11hto91h IS 17 IS 21 30 16 43 22.43 8.04 
s. 9lh to 11111 13 14 43 23 14 23 12 20.29 8.04 
6 IJthtp IJb 16 20 22 22 17 20 19 1943 !Sil 
roTAL 107 119 149 Ill 134 128 130 12S.43 11.22 

Nctw<idt.S: Portland: R.un I R.un.2 R.un3 R.un 4 R.unS llun6 llun 7 Mean Sid.Dev. 
SlartTune 4:37 4:4.S 4:SS .S:IS 5:24 S:34 5:45 
East to West 
I. 122nd to 11111>. 42 28 28 29 31 32 .SS 3S.OO 7.71 
2. ll71hto llllh 27 33 20 19 24 19 21 23.29 4.04 
3. llllh to 1081h 28 28 26 27 33 26 26 27.71 1.67 
4 I Oll!b to 102!!!! 21! 41 27 32 §!) "' 31 1rn U39 
roTAL l2S 130 101 107 1611 136 133 128.57 IS.06 

SlartTime 4:40 4:49 4:S8 .S:J9 5:29 5:39 5:49 
West to East: 
I. I021ld to 1081h 30 44 30 42 :28 :28 28 32.86 S.80 
2. !Olllh to ll]lh 37 30 51 24 24 48 34 3S.43 8.49 
3.1131h to 1171h 23 27 28 34 IS 24 20 24.43 4.49 
4 I 17th tp t22ruJ S9 p 26 S6 61 85 96 5943 1992 
roTAL 149 128 13$ 1$6 134 185 118 IS2.14 17.88 
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Table B-2. Uncalibrated Model Travel Times - With LRT 

Notworlc I: Loo~: Run l Run2 Run3 llm4 RmS Run6 Mee Sid. Dov. 

WmttoEut: 
l.~toGnml S0.8 49.5 S0.3 $2.2 5.2.5 S0.4 S0.95 1.17 
2. Gnml to OU... 20 22.9 21.2 22.9 22.4 2l 21.73 1.18 
3. OU... to Hill 9.1 8.3 8.2 10 12.6 12.5 10.12 1.9!> 
4. Hill to lkoldway 12.3 20.2 16.2 14.9 16.3 19.7 16.a> 2.!n 
5. B.....tw.y to Ma.in 17.S 27.3 20.7 18.2 19.1 14.9 19.67 4.31 

6 Mai&alQl.aa 6a8*1 IU 2Zli 2~ I :llil 211 s Jl4 :M~ 412 
TIYl'AL 128.6 ISS.8 141.7 144.9 151.7 138.9 143.6! 9.66 

EuttoWat: 
1.Loo~toMa.in 25 26 20.3 22.1 16.5 15.3 20Zl 4.37 
2. Ma.in to B.....tw.y 19.J 20.4 17.9 23.1 25.6 21.1 21.31 2.79 
3. B.....tMry to Hill 32.3 19.8 20.3 32.8 21.6 25.2 26.33 5.6.S 
4. Hill to OIM 13 l.S.8 9.8 9.7 11.6 14.6 12.42 2.51 
5. OU... to Gnm1 8.4 12 19.7 14.7 12.2 12.3 13.22 3.76 
6.~to~ !!l:8 58.2 39.6 4S.6 S0.7 47.9 :!!I.Ill 8.48 
TOTAL lal.6 152.2 IZ7.6 148 144.2 136.4 144.83 11.67 

~2:LooADcob Rm! Run2 Run3 ltun4 RunS lt\lll6 Mc... Sid. Dov. 

Wat to Elllt: 
I. t.. .......... to Maplo 17.7 17.l! 19.9 19.6 23.3 19.5 19.63 2.03 
2. Mtplo to Trinily 26.4 23.7 29.1 26 29.7 27.9 27.13 2.22 
3. Trinity to Sm Pedro 32.3 34.2 33.6 36.6 27.7 38.8 33.87 3.81 
4. Sm Pedro to Grif5th 36.6 "1.9 43.3 38.7 39 40.2 40.95 4.0S 
s. Grif5th to C'Gllnl 32.9 J0.9 J0.9 41 32.S 29.2 32.90 4.18 
6. Ccoln1 to N-0 38.2 31.4 35.7 35 26.7 J0.8 32.!n 4.13 
7. Noemi to lbp:1' 25.8 22.2 24 23.4 27.1 24.9 24.57 1.7.S 
8. lbp:< to Lq Bead> 73.2 64.9 72.S 73.4 73.1 76.7 72.JO 3.92 

2 la&adisg a'""""""',, ~2 S18 ~2 ~s ~l ~l ~li.'Z !lll:i 
TOTAL 331 319.8 335.2 339.2 325.4 335.3 330.98 7.21 

EuttoWcat: 
I. Alomoda to Lq Bead> 44.5 47.4 44 4S.4 46.2 42.4 44.98 1.7.S 
2. Lq Be.ch to lbp:1' 61.2 51.1 6!.l f!J.7 63.4 54.3 6!.!n 5.34 
3. lbp:<to N-0 23.9 22.4 22.4 23.4 23.4 22.5 23.00 0.6.S 
4. Necmi to Ccmnl 37.4 34.3 37.8 34.2 28.7 J0.2 33.77 3.10 
s. c-nl to Griffith 28.9 27.1 28.7 28.2 29.5 27.7 28.35 0.87 
6. Griffith to Sm Pedro 39.3 40.8 39.5 40.1 42.8 37 39.92 1.91 
7. Sm Pedro to Trinity 19.1 21.2 21.2 19.9 20.8 18.4 20.10 1.17 
8. Trinity to Moplo 3).1 23.2 24 21.3 25.1 23.4 22.85 1.83 

9. M!!£!1! to Loo As!lli! !!.S 20.8 22.6 20.2 24 !l·i 21;;!!! 1.57 

TOTAL 294.9 294.3 J00.3 302.4 303.9 276.1 295.32 10.19 

Nc:nwork 3: Lq Bead> Run! Run2 ltm3 Run4 Run.S Run6 ........ Sid. Dov. 

SOUlhtoNotl.b: 
I. Ill to B"'°""'"Y 25.5 18.6 17.8 20.6 21.4 19.9 20.63 2.72 

2. B.....tw.y to :W 14.8 11.3 10.7 13.3 13.8 11.9 12.63 1.58 
3. :w to 4th 31.3 13.4 11.s 15.8 13.5 14.6 14.90 2.96 
4. 4th to Sch 14.3 10.8 11.3 12.6 10.6 10.2 11.63 l.5.5 
5. Schto&b 48.4 46.2 42.4 48.2 44 4S.9 45.85 2.34 
6. &bto71h 14.2 IS.I 12.9 15.6 19.4 15.6 15.!n 2.41 

l ldUglsb 2~ as z:z 2l ID II Billi D~ 
TOTAL 145 127.2 114.6 135.4 132.7 126.9 130.30 JO.IS 

Noc!h to South: 
I. 8dito 7lh 22.8 21.6 25 25.2 22.7 22.S 23.30 1.46 
2. 71hto &b 34.9 l0.3 18.6 49.3 20.9 37.3 28.SS 14.41 
3. &bto Sch 21.3 IS.8 12.9 19.3 13.7 18.t! 16.!n 3.3.S 
4. Stla to 4th 8.9 10.6 11.4 8.6 8.3 ll 9.80 1.35 
.S.4thto:W 17.1 29.9 16.3 26.3 20.2 20.S 21.72 5.34 
6. :w to B.....tMry 34.2 37.1 34.3 22.1 26.3 J0.8 J0.80 5.6.S 
7. Bl'OOdwoY to 111 11.8 10.8 11.3 13.1 9.9 9.9 II.I~ 1.22 
TOTAL 151 136.I 129.8 163.9 122 IS0.8 142.27 15.63 
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TableB-2. Uncalibrated Model Travel Times - With LRT {continued} 
Nelw<ld<4: Run 1 Run2 Run3 Run4 Runs Run6 Run7 RunB Run9 RunlO MeCI Std. Dev. 

WattoEut 
I. MLK to Gnnd 29.6 40.9 32.S 26.7 29.8 28 25.9 40.9 40.S 335 32.83 5.64 
2. Gnnd to 6lh 18.7 22.2 20 13.9 IS.5 17.8 113 25 18.4 19.6 18.84 3.01 
3. 6th.to 7th 28.1 26.4 28.1 29 32 26.9 30.4 29.9 28.S 24.7 28.40 1.99 
4. 71hto9th 21.7 24.8 21.9 19.1 22.5 26.6 26.1 17.7 20.2 '.22.l 22.27 2.75 
.S.9thto!Uh 25.4 2S 263 253 26.4 27.7 24.9 16.6 24.7 24.6 24.69 2.85 
6. llthto 13th 36.4 36.2 41.2 38.2 4S 39.6 40.S 29.7 34.1 36.3 37.72 4.00 
TOTAL 159.9 175.S 170 152.2 171.2 166.6 165.1 159.S 166.4 160.8 164.7.S 6.42 

Netw«l:S: Runl Runl Run3 Run4 R.un5 Run6 Run7 Run8 Run9 RunlO MeCI Std. Dev. 

EuttoWest 
I. !22nd to 1171h 41.4 38.2 38.5 41.1 42.8 71.7 40 43.1 44.2 40.6 40.76 2.09 
2. 1171h to 1131'1 32.S 28.2 30.4 32.2 33.2 30.4 30.6 29 36.7 32 31.52 2.28 
3. 1131h to 108lh 42.3 38.3 43.2 41.9 41.4 41.9 39.2 42.& 41.9 43.3 41.61 U6 
4. IOSth to IOlnd SS.2 68.3 67.8 SB.9 72.1 S0.9 59 83.8 66.S 76.1 66.46 8.73 
TOTAL 171.4 173 179.9 174.1 189.S 166.9 168.8 198.7 189.3 192 180.36 10.60 

WattoEut 
I. IOlnd to 108lh 44 46.4 47.8 45.5 48.9 41.6 46.8 46 54.6 48.S 47.01 3.26 
2. IOSlh to 1131'1 46.2 44.S 46.3 46.4 47 46.1 44.8 44.4 43.8 45.6 45..Sl 1.01 
3. 1131'1 to 1171'1 34.4 33.7 32.7 32.1 32.7 32.2 33.2 334 32.8 31.7 32.89 0.77 
4. 117111 to !22nd SS.9 65.3 63.3 57.4 71.7 54.7 S6.9 so.s 49 53.4 SB.41 6.23 
TOTAL 180.5 189.9 190.1 181.4 200.3 174.6 181.7 180.3 180.2 179.2 183.82 7.08 
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Table B-3. Uncalibrated Model Travel Times- Without LRT 
Network I: Lot Anplea: Run Run Run Run Run Rm Mcm Sid.Dov. 

Wcatto&ot: 
I. FlcMer to Gnnd 39 38 38.B 39.1 37.9 39.2 38.67 0.51 
2.GnndtoOm.. 24 15.S 45.3 25.2 21.9 35.2 27.85 10.66 
3. 06'..toHW 16.6 16.7 19.3 12.7 15 14.2 15.15 2.30 
4.Hillto~ 18.9 :l!l.3 :l!l.2 14.I 18.6 18.9 18.50 2.27 
5. B...i...y to Main 19.6 17.9 16.8 15.5 24.4 16.6 18.47 3.22 
ti y.m m 'm 'n=b 217 :l!l7 2' 4 223 pz '.128 21 ., 075 

TOTAL 139.8 129.1 161.8 128.9 140 146.9 141.08 12.31 

&at to Wat! 
I. Lot Anplea to Main :l!l.2 21.1 22.6 :l!l.6 16.6 21.7 :l!l.47 2.07 
2. Miiin to B...i...y 25.6 26.8 21.2 23.9 27.4 26.1 25.17 2.211 
3.B~toHill 25.7 21.3 23.7 :l!l.3 18.8 19.5 21.55 2.65 
4.HilltoOIM 18.7 12.9 13.9 15.6 16.3 14.3 15.28 2.07 
5.0!MtoGnad 12.5 11.8 15.6 19.2 14.2 14.4 14.62 Ui3 
6.Gnmdto~ 5§.5 49.8 53.3 511.9 48.1 52.4 52.11 3.61 
TOTAL 161.2 143.7 U0.3 1511.5 141.4 148.4 149.25 6.91 

N«w<ri: 2; Lot Aapbs Run Run. Run. Run. RuaS Rm Mcm Sid. Dov. 

Wllllltof'.ul: 
I. Lot "-°to Mople 19.1 16.5 21.4 18.8 17.1 16.2 18.18 1.98 
2. Maple to Trimly 27.8 27.1 25.9 24.3 30.7 28.5 27.38 2.:l!l 
3. Trimly to S... Pedro 30.4 30.8 211.9 33.6 31.9 32.2 31.30 Ui3 
4. s...""""' to Griffith 34.5 39.3 35.3 38.8 35.6 39.8 37.22 2.33 
5. Grlftilh to c-..1 34.7 36.8 29 33.8 S4.9 42.6 38.63 9.11 
6. c-..1 to Naami 32.9 30.3 32.7 34.1 34.8 32.2 32.83 1.51 

'·""""""to"-' 24.5 22.5 21.2 23.6 23.1 24.8 23.211 1.33 
8. Hooper to I.Ga& Bead> 66.6 (f}.9 72.7 67.2 6S.5 66.5 68J17 2.71 
2 I A'S k,erb tg Alame4• so 51 6 fZ6 S28 87 §16 'Sn Jll2 

TOTAL J:l!l.S 324.8 324.7 334 J.48.3 340.4 332.12 10.15 

&ottoWcet: 
I. Alomoda to I.Ga& Bead> 45.9 44.4 40 43.5 43.3 46.4 43.92 2.29 
2. I.Ga& Bcadi to Hooper 67.4 62..7 61.8 61.3 57.8 61.6 62..10 3.10 
3. Hooper to NO<lllli 25.8 22.7 22.2 :l!l.9 21.S 22.7 22.63 1.10 
4.""""""toc-..1 36.9 26.7 30.7 31.2 31.5 33.5 31.75 3.36 
5. c-..1 to Grilfilh 31.2 30 211.5 27.6 30.1 28.7 29.35 1.31 

6. Grilfilh to s... """"' 35.8 39.3 38.7 39.6 42.7 40.1 39.37 2.23 
7. S... hdio to Trinity 18.7 19.4 18.8 18.6 :l!l.4 19.5 19.23 0.68 
8. Trinlt;y to Maplo 22.9 23.3 23.3 21.8 24.1 22.9 23.0S 0.15 
9. Maple to le Anplo! 23,I :l!l.7 21.3 21.4 :l!l.S 21.1 21.35 0.92 
TOTAL 307.7 289.2 285.3 285.9 291.9 296.S 292.75 8.41 

N«w<ri: 3: I.Ga& Bcadi Rm Rm Rm Run. Run. Run. Mao Sid. Dov. 

SoulbtoNcrlh: 
l.latto~ 18.5 18 10.3 16.5 :l!l.6 15.6 16.58 3.53 
2. B...i...y to 3nl 16.5 14.3 13.5 15.6 12 16.4 14.72 1.78 
3. 3nl to <!lh 14.4 12.1 15.3 14.3 12 12.7 13.47 1.38 
4. <!lh to 5lh 17.4 10.4 16 12 13.2 14.1 13.85 2.57 
S.Slhto& 48.4 S0.2 50.2 47.6 48.8 46.6 48.63 1.43 
6. &to71h 14.1 17.3 15.4 :l!l.2 16.3 22.8 17.68 3.24 
7 7tb tg Sth 74 79 72 11 77 69 758 9li! 

TOTAL 136.7 130.2 1211.6 133.9 130.6 135.1 132.52 3.18 

NotthtoSoulh: 
I. 8th to 7th 18.5 19.8 18.3 19.8 IS.I 18.2 18.211 1.72 
2. 71hto& 9.5 10.8 9.3 8.7 10 10.9 9.87 Q.87 

3. &toSth 18.6 19.1 11.9 :l!l 18.3 19.7 17.93 3.0"2 
4. Slh to <!lh II.I 11.3 1.6 13.1 8.6 ti.I 10.47 2.01 
5. <!lh to 3nl 19 24 26.2 14.9 21.4 30 22.58 5.35 
6.3nlto~ 26.7 33 32 36.9 30.8 26 30.90 4.08 
7.B-..axtol!l 11.2 12,3 15.9 14.1 !1.8 11.8 12.85 1.79 
TOTAL 114.6 130.3 121.2 127.5 116 127.7 122.88 6.61 
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Table B-4. Uncalibrated Model Travel Time Comparison to Calibration Data 

Callbnliaa Do1a Modol wil.JtT Model wto urr 
Nelw<wt I: Leo Anploo: Mom Sld.Dw:v. Doha Mom Sid. Dov. Dolta Mom Sid. 

Watto&oc 
I. F1-r IO Gnni 41.33 15.97 9.Q 50.9$ 1.17 -2.66 38.67 0.57 

2.GnnltoOIM 21.33 32.73 0.40 21.73 1.18 6.52 27.8$ 10.66 
3.0liootoHlll 24.17 32.00 -14.0S 10.12 1.99 -1.42 15.15 2.30 
4. lliD toB"'°""'8y 8.17 2.40 8.43 16.8> 2.97 10.33 18.50 2.27 
5. B"'°""'8ytoMain 16.83 17.17 2.84 19.67 4.20 J.64 18.47 3.22 
fi M,iptglm Apmp nm 1$ $2 U! 24$3 4 l'f 4115 Zl 8$ ozs 
TOTAL 128.83 77.73 14.77 143.8) 9.66 I~ 141.118 12.31 

&st to Wat: 
I. Leo Anploo to Main 10.67 1.03 10.20 20.87 4.37 9.80 20.47 2.07 
2. Main IO B"'°""'8y 34.00 26..41 -12.llO 21.20 2.79 -1.83 25.17 2.28 
3. B"'"""'8y to Hill 33.67 31.83 -7.34 26..33 5.6.S -12.12 21.55 2.65 
4.lliDtoOIM 8.00 2.00 4.42 12.42 2.51 7.21! 15.28 2.07 
5.0htoGnad 6.67 Ul1 6.SS 13.22 3.76 7.9$ 14.62 2.63 
6. Grw! to l'loMor 6§.00 14.23 ·!S.20 50.a! 8.48 ·13.&3 52.11 3.61 
TOTAL 159.00 35.62 -14.17 144.83 11.67 -9.15 149.25 6.91 

N........n: 2: Leo Anploo Mom Sid. Dov. Dolta Mom Sid. n..v. Dolta Moan &<!. 

Wootto&ot: 
I. Leo Anpb to Maple 33.17 15.59 -13.54 19.63 2.03 ·14.99 18.18 1.911 
2. Moplc to Trinity 40.67 ll .911 ·13.54 27.13 2.22 ·13.29 27.38 2.20 
3. Trinity to Sm Pedro 23.17 16.35 10.'lO 33.87 3.81 8.13 31.30 1.63 
4. $m Pedro IO Griffith 32.50 5.43 8.45 40.9$ 4.0S 4.72 37.22 2.33 
5. Griffith IO Camal 27.33 3.50 5.51 32.90 4.18 11.30 38.63 9.11 
6. Camal to NllCIDi 27.17 9.39 5.80 32.97 4.13 5.66 32.83 1.57 
7. NllCIDi to """"'1' 14.50 l.7C5 10.07 24.57 1.75 8.18 23.28 1.33 
8. """"'1' 10 Lxi& lloacb 'l0.33 8.94 l.97 72.30 3.92 -Z.26 68.01 2.71 
9 loog ... s:b tg AJmni• 62 31 23@ -JS (j6 1667 OBS .. 111 5522 31f 
TOTAL 331.17 41.30 .0.19 330.98 7.21 0.9$ 332.12 10.7!1 

&st to Wat: 
I. Alllmoda to Lxi& lloacb 40.17 30.96 4.81 44.911 1.15 3.7!1 43.92 2.29 
2. Lxi& lloacb IO """"'1' 19.33 1.03 41.64 8).97 5.34 42.77 62.10 3.10 
3. """"'1' to NllCIDi 13.50 l.7C5 9.50 23.00 0.65 9.13 22.63 l.'lO 
4. NllCIDi to Camal 25.00 6.69 8.77 33.77 3.'lO 6.1!1 31.7!1 3.36 
S. Camal IO Griffith 21.00 1.41 1.35 28.35 0.87 8.35 29.35 1.31 
6. Griflilh IO $m Pedro 34.50 3.62 5.42 39.92 1.91 4.87 39.37 2.23 
7. Sm Pedro to Trinity 12.83 0.41 7.27 20.10 1.17 6.40 19.23 0.68 
8. Trinity to Moplc 18.33 UY/ 4.52 22.85 1.83 4.72 23.0S 0.15 
9. Mp 10 Leo Angele 11.fl 2.50 3.71 21.38 1.51 3.68 2!.35 0.92 
TOTAL 20'2.33 26.54 92.99 29S.32 10.19 90.42 292.7S 8.41 

~ 3: Lxi& lloadi Mom &<!.Dov. Delta Man Sid. n..v. Doha Mom Sid. 

SaahtoNOl'th: 
I. lat to B....a.....y 19.00 11.92 1.63 20.63 2.72 ·2.42 16.58 3.53 
2. 8"*"""'>' IO 3':d 17.33 9.03 -4.'lO 12.63 J.58 -2.61 14.72 l.i8 
3. 3':d IO 4!h 10.67 1.86 4.23 14.90 2.96 2.80 13.47 1.31 
4. 4!h toSlh 10.33 1.97 1.30 ll.63 1.55 3.52 13.85 257 
5. Slh to6ch 37.50 4.32 8.35 45.IS 234 ll.13 48.63 1.43 
6. &hto71h 12.50 1.38 3.47 15.97 2.41 5.18 17.68 3.24 
1 )btnltb 21 67 1!76 -1299 86Jt Q~ .1409 7" OM 

TOTAL 133.50 27.22 -3.20 130.30 10.15 .0.98 132.52 3.18 

North to Soulh: 
I. 8lh to 7lh 2267 13.14 0.63 23.30 l.46 -4.39 18.28 1.72 
2. 7lh to 6ch 21.ffl 26.23 0.88 28.55 14.41 -17.80 9.87 0.87 
3. &hto Slh 14.50 6.8l 2.47 16.97 3.35 3.43 17.93 3.02 
4. Slh IO 4!h 10.17 0.98 .0.37 9.80 1.35 0.30 10.47 201 
5. 4Ul IO 3ftl 52.67 3.98 ·30.9$ 21.72 5.34 -30.09 22.18 5.35 
6. 3ftl IO B"'°""'8y 17.50 13.52 13.30 30.80 5.65 13.40 30.90 4.06 
7. B!lll!!w!y to l!!, 14.33 6.TT ·3.20 11.13 1.22 ·1.48 IZ.BS 1.79 
TOTAL 159.50 32.75 ·17.23 142.27 15.63 -36.62 12288 6.61 
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Table B-4. Uncalibrated Model Travel Time Comparison to Calibration Data 
(continued) 

Catibnlim Dlla ModolwlLRT Maicl wlo UlT 
Nctwvrk 4: Pc!:llimd: Mcm Sid. lleka Mean Sid. lleka Mcm Sid. 

WcottoEut: 
I. MLK to GftlDll 32.57 10.49 0.26 32.83 S.64 
2.Gtt.mto&h 13.14 S.llll s.~ 18.84 3.01 
3. &hto7th 17.57 SJIO 10.13 28.40 1.99 NIA 
4. 7th to !Ith 22.43 8.04 (/Jt).77 722.:lD 2.1S 
s. !Ith to 11th 20.29 8.04 4.40 24.69 2.SS 
ti 11111sa z~ J2Q I II JS22 3222 ~um 
TOTAL 12'.43 11.22 39.32 164.7S 6.42 

Network 2: Loo APcioloo Mcm Sid. lleka Mean Sid. 

EuttoWcot: 
I. !22nd to IJ7th 35.00 7.71 S.16 40.76 2.119 
2. 117th to lllth 23.29 4.04 8.23 31.52 2.28 NIA 
3. I 13th to IO!llh Zl.71 1.67 13.91 41.112 1.56 
4. !!18th to l!!l!!! 42.S7 IS.39 23.89 &1.46 8.73 
TOTAL 128.57 IS.06 Sl.19 180~ 10.60 

WattoEut: 
I. 102ni to IOlllb 32.86 S.80 14.IS 47.01 3.26 
2. llllilh to I 13th 35.43 8.49 10.08 4S.SI 1.01 NIA 
3. 113th to 117lh 24.43 4.49 8.46 32.89 0.77 
4. 117th to I~ S.43 19.~ •1.02 ~.41 6.?.} 
TOTAL IS2.14 17.88 31.68 183.82 7.08 
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Table B-5. Validation Travel Time Data 
~!:Loo~: Run! llun2 Run3 Run4 Run5 R•6 Mean Sid. Dev. 
SWtTimc 7:08 7:26 7:38 7:54 8:12 8:30 
WClltoEal: 
1. n:-t to Grml us 29 18 23 IS 64 27.SO Ul.152 
2.. Gnllll to Oli¥e 8 26 S6 8 44 7 24.83 21.t» 
3. Oli¥e to Hill 6 5 7 S6 6 7 14.50 20.34 
4. Hill to B"'*"""Y S3 9 9 18 8 9 11.67 17.71 

5. B""°"""Y to Main S6 SI 7 9 S6 7 31.00 25.64 
§ MeiP tg I m AmsJm ? J§ g 10 7 8 17 til 186' 
TOTAL 148 138 !OS 124 136 148 133.17 16.42 

Start Time 7:21 7:42 7:48 8:07 8:23 8:41 
EaltoWCll: 
I. Loo Allpb to Main 14 9 S1 12 II 9 18.67 18.88 
2..MamtoB""°""""Y 9 27 10 10 SS 51 27.00 21.27 

3. B'°""'""Y to Hill 12 S8 8 59 10 9 211.00 25.21 
4. Hill to Oli¥e 8 16 so IO 1 1 16.33 16.84 
S. Oli¥e to Gnllll 8 1 1 1 s 6 6.67 1.03 

6. Gnp! "'flgM:r iO 15 (/} 59 S2 41 52.00 20.28 
TOTAL 121 132 201 151 140 129 146.67 29.29 

Notworlc 2: Loo A...,.a llun I Run2 llun3 llun4 RmS RllD6 Mean Sid. Dev. 
SWtTimc 7:11 7:30 7:39 1:51 8:14 8:35 
WClltoEal: 
I. Loo Anpb to~ 14 64 16 43 S4 34 31.50 20.16 
2.~toTrilliry 19 40 29 14 44 27 28.83 11.152 
3. Trinity to Sm i'l:dlo 16 19 13 IS 14 11 15.67 2.16 
4. s.. PedlO "'Griftilh 53 41 39 4S 38 32 41.33 7.12 
5. Griftilh to Ccalnl 23 15 36 22 22 21 33.17 21.25 
6. °""'111 to Nll<lmi 22 !OS 17 36 18 16 35.67 34.76 
7. Noami to Hooper 23 19 13 IS 17 IS 11.00 3.58 
8. Hooper to Lomg llcoeb 62 S6 (/} lill 61 59 62..17 4.96 
9 19'8' Bpeb fQ Abm'a fi6 fi2 71 II 211 16 73 so ps 
TOTAL 298 488 303 331 352 291 344.83 73.4S 

SWtT"llllO 7:18 7:39 7:46 8'64 8:20 8:4S 
Eat to Wall: 
I. Almoda to Lomg 8-h 22 25 22 22 21 22 22.33 1.31 
2. Lomg llcad>"' Hooper 24 23 20 11 21 19 20.67 2.58 
3. Hooper to Noami 14 15 14 12 12 16 13.83 1.60 
4. Naomi toCcalnl 21 19 17 20 IS 20 18.67 2.25 
5. °""'111 to Griffilh 22 20 29 23 23 25 23.67 3.08 
6. Griffith to Sm PedlO 30 29 25 30 34 27 29.11 3.06 
1. S.. i'l:dlo to Trinity 14 13 IS IS 13 14 14.00 0.89 
8. Trilliry to~ 14 22 16 17 16 18 11.11 2..71 
9. Mop!e to Loo Anaog 20 16 11 19 18 17 17.83 !.47 
TOTAL 181 182 115 175 IT.! 178 177.33 3.61 

Nc«wort 3: Lomg Bead> Rml llun2 RllD3 Run4 R...5 Run6 Mean Sid. Dev. 
SlartT"llllO 4:38 4:47 4:56 5:06 5:14 S:21 
SoolhtoNO<th: 
l. llttoB""°"""Y SS ti) 35 44 41 13 41.83 17.17 
2. B"'*""8y IO 3rd 10 13 22 12 10 9 12.67 4.80 
3. 3td I041h 13 15 II 10 II 9 11.50 2..17 
4. 41hl05ch 9 10 9 10 9 8 9.17 0.15 
5.Sthto& 30 40 41 39 35 31 36.00 4.73 
6. illhto 1lh II 13 12 13 12 II 12.00 0.89 
1 1th tg 8tb 10 IS !§ 3Q 19 10 JS t7 176 
TOTAL 141 166 146 158 128 91 138.33 26.iO 

StutT"llllO 4:42 4:51 S:OO 5:09 5:16 5:24 
NonhtoSt:uh: 
l. 8th to 7lh 12 S6 51 48 37 4S 42.SO 16.61 
2. 11hto&h 47 12 IS 12 12 12 18.33 14.t» 
3.&hto5'h 14 II II 9 II 10 11.00 1.67 
4. 5'h to 4lh 9 9 13 10 10 15 11.00 2.4S 
s. 4lh to 3td 10 51 sz S3 SI SI 44.67 17.00 
6. 3tdtoB""°"""Y II 59 12 II II 13 19.50 19.31 
1. BfQOdway IQ 1st 13 !I 9 39 9 II lp3 11.69 
TOTAL 116 209 169 182 141 151 162.33 32.37 
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Table B-5. Validation Travel Time Data (continued) 

Nctwori: 4: l'<>itlud: Runl Run 2 Run3 Run4 llm5 Run6 llm7 Man Sid. Dev. 
s....tTao 7:'.25 7:3\l 7:50 7:S6 8:02 8:06 8:13 
Weottoll.ut: 
I. MLK IO Gnni 22 40 41 32 42 so 30 36.71 7.47 
2. Gnni to 611!. 18 30 13 8 8 10 16 14.71 S.6'1 
3.61hto'l'lh 10 8 7 'Z1 7 15 12 12.29 4.98 
4. 1\hto91h 16 14 13 42 14 30 15 20.57 8.112 
5. 9lh IO lllh 30 33 41 21 12 14 33 26.29 9.10 

6 Ilda "1 IJ&b II u 12 21 lll II 12 1822 1111 
TOI'AL 114 140 134 151 101 137 l:ZS 1211.86 13.31 

Not.....lc 5: Port1aDd: Run I Run2 Run3 Run4 Ri&5 Run6 Run7 Man Sid. Dev. 
Start Tao 6:02 6:12 4:20 4:30 4:39 4:47 4:S6 
Eoll to Weot: 
I. 122al 10 111\h 41 44 23 24 22 22 34 30.00 8.29 
2. 111\h to 1131b 39 31 18 36 311 18 32 30.29 7.f12 
3. 1131b to 108di 33 41 32 29 28 40 29 33.14 4.20 
4. 108lh to 102m 3! 2:§ 32 'Z1 66 S4 33 :1!!·43 12.~ 
TOI'AL 144 142 !OS 116 IS4 134 128 131.86 13.31 

Slut Tao 6:06 6:17 4:24 4:34 4:43 4:53 S:OI 
Weottoll.ut: 
I. 102od 10108di 37 34 29 40 35 31 45 35.86 4.12 
2. 108dito 1131b 32 'Z1 :ZS 37 211 32 "' 34.14 7.63 
3. 1131b IO ll'l'lh 20 16 16 21 17 31 22 20.43 3.S 
• Jllli IQ 121Ail 112 li2 II 1.2 2~ J~ 8' s~ lUl 
TOI'AL 171 146 151 liO !OS 129 209 IS4.43 24.78 
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Weot to Eaot: 
I. FloM:t to Grmt 
2.G....itoOIM 
3. OIM to Hill 
4. Hill to BIOOllway 
S.B....a-ytoMain 
§ MeiPtglQI Awp 

TOTAL 

EuttoWcot: 
I. Loo ADgeloa to Mam 
2. Mam to BIOOllway 
3. BIOOllway to Hill 
4. Hill to OIM 
S. OIM to Grmt 
6.G....ito~ 

TOTAL 

Netwodr 2: Loo Anaiolea: 
WCI!. to Eaot: 
I. Loo Anpi.. to Maple 
2. Mapl!O to Trinity 
3. Trinity to Soa "'4to 

4. Soa """" "' Griffilh s. Griflilh"' c-r.I 
6. c-r.I to N..,.,;: 
7.N....,;ro~ 

8. ~to LCllC Bcocll 
! I mg &em tq 6Jmsd• 
TOTAL 

EultoWcot: 
I. Alamoda to LCllC Bcocll 
2. LCllC Bcocll to~ 
3.~toNtalli 
4. N...m to Ccalral 
s. Ccalral to Griffilh 
6. Grillilb to Son l"edlo 
1. Son Pl>dto to Trinity 
8. Trinity to Maple 
9. Maplo 19 Loo Aiplea 
TOTAL 

Nc:twor!c3: LC11C Bcocll 
Saulh to Noni&: 
I. lat to BIOOllway 
2. B""""'11yto3rd 
3. 3rd to41h 
4. 4'h to Sib 
s. Slh to<Qi 
6. (Qi to 71b 
7 7tb tg 8!b 

TOTAL 

NotlhtoSoulh: 
I. lllb to 71b 
2. 71bto (Qi 

3.&toSth 
4. Slh to4'h 
s. 4lh to 3rd 
6. 3rdtoB""""'11y 
1. B"'""m to lat 
TOTAL 
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Table B-6. Calibrated Model Travel limes - With LRT 

«13 
29.1 
12.6 
3) 

13.1 .,,, 
14S 

U.4 
18.8 
28.6 
13.4 
14.S 
$?.I 
147.8 

Runl 

23.8 
26.8 
25 
34 

31.1 
28.3 
21.6 
80.4 
477 

313.7 

37.6 
48.6 
3) 

%7.6 
24.9 
42.3 
17.8 
:lll.I 
19.3 

RID! 

17.3 
10.6 
14.7 
11.4 
46.9 
13.6 
!Oj 

125 

19.5 
59.9 
14.I 
10.4 
'Z7 

31.6 
10.2 
172.7 

R11112 

39.7 
25.4 
10.7 
18 

16.2 
?ti 7 

136.7 

19.9 
19.6 
26.7 
13 

14.7 
S§.3 
150.2 

Run2 

23.8 
25.6 
29.6 
36.8 
28.1 
29.9 
20.9 
78.8 
fl 1 

315.2 

38.6 
46.3 
19.4 
25.2 
25.7 
31.2 

18.S 
%2.1 

19 

RID2 

22.2 
12.8 
12.3 
11.9 
49.5 

13 
1l 4 

I33.I 

18.2 
21.6 
I2 

6.11 
45.!l 
21 

15.§ 
141.2 

R11113 

«l.8 
22.9 
11.4 
12.8 
12.6 

125.1 

17.S 
17 

25.4 
12.6 
11.6 
61.4 
14S.S 

R11>3 

23.S 
%1.6 
25.9 
33.8 
31.9 
29.S 
19 
81 

JJ? 

3QS.9 

35.S 
43.S 
19.8 
26.3 
25.6 
37.2 
18.S 
20.9 
21.4 
248.7 

RID3 

IS.9 
12.3 
11.3 
11.9 
44.6 
13.1 
1Q 1 

119.2 

3'.1.6 
21.S 
I4.2 
I0.8 
3I.2 
29.6 
14.3 
142.2 

Run4 

4S.9 
%1.6 
12.S 
16 
14 

211 

137.7 

16.9 
19.9 
29.6 
10.9 
16.1 
SS 

148.4 

Run4 

23.4 
26.5 
26.3 
35.2 
28.1 
29 

21.7 
83.2 
4] ti 
317 

49.1 
49.3 
:ll).8 
%1.9 
26 

34.4 
19.S 
19.4 
21 

267.4 

Run4 

18 
16.7 
13.6 
12.1 
41.7 

14 
127 

128.8 

I7.S 
«I.I 
I2.6 
9.5 

23.I 
30.7 
16.S 
150 

RunS 

43 
25.S 
11.2 
IS 

IS.7 
h$ ft 

136 

3'.1.3 
17.2 
26.11 
12.3 
12.4 
58.6 
147.6 

llunS 

zu 
%1.1 
25.S 
34.6 
29.1 
29.3 
18.8 
86.9 
427 

317.4 

42.S 
39.3 
3).3 

25.8 
26.4 
36.4 
18.8 
21.3 
21.6 
252.4 

RIDS 

16.3 
13.4 
14 

10.2 
43.3 
IS.7 
108 

I23.7 

I7 
19.S 
16 
8.4 
36.4 
'Z7.4 
16.2 
l«l.9 

RUD6 

39.9 
26.6 
11.4 
15.2 
12.8 
286 

134.S 

18.8 
18.7 
30.7 
11.6 
13.S 
S7 

150.3 

Rm6 

23 
26.9 
'Z7.7 
36.3 
28.4 
31.7 
:lll.I 
83.3 
426 

33'.l 

43.6 
41.3 
19.4 
29.S 
24.1 
38.4 
18.9 
21.2 
20.4 

Rllll6 

17.1 
13.1 
10.4 
13.6 
44.S 
13.9 
11 2 

124.S 

21.2 
.54.4 
IS.I 
8.1 
16.9 
29.1 
14.8 
159.6 

Run7 

37.1 
29.3 
II.I 
IS.I 
13.6 

132.2 

14.8 
17.4 
26.7 
11.8 
14.4 
SB.7 
143.8 

RID7 

23 
26.7 
26.3 
33.7 
%7.2 
31.4 
:lll.4 
91.S 
Afli 

324.8 

38.8 
50.3 
21.1 
%7.6 
26.S 
35.2 
19.6 
19.8 

21.2 
21!0.I 

RID7 

3) 

13.3 
15.6 
12 
41 

11.8 
12 1 

I31.S 

19.l 
14.4 
14.S 
7.1 
44.6 
24.4 
IS 

139.I 

Runs 

39 
28.1 
IS.3 
12.9 
IS.2 
22 2 

133.4 

17 
17.7 
25.4 
12.2 
14.8 
61.2 
148.3 

Runs 

23.1 
%7.8 
28.4 
31.4 
28.4 
30.3 
3'.1.8 
89.9 
431 
323.8 

32.9 
49.1 
24.8 
26.9 
%7.8 
35.1 
19.S 
:2l.S 
:2l 

21!0.6 

Run8 

18.4 
13.4 
13.3 
10.8 
4S.8 
11.8 
IQ! 

123.6 

3'.1.9 
13.S 
14.S 
9..S 
45.1 
29.4 
14.1 
147 

llun9 

36.3 
30.4 
12.6 
18.8 
12.5 

137.S 

17.1 
18.7 
'Z7.3 
13.9 
11.7 

.S?.2 
141.9 

Rm9 

23.7 
26.9 
28.3 
35.3 
'Z7.4 
29.7 
3'.1.1 
14.6 
431 
309.8 

38.1 
49.3 
20.S 
25.4 
24.9 
35.7 
18.8 
21.2 
31 

RID9 

18.2 
13.S 
14.1 
10.7 
47.7 
15.2 
12 3 

131.7 

16.8 
30.5 
14.1 
6.4 
34.1 
35.6 
IS.6 

153.1 

R1111IO 

41.7 
29.2 
II 

19.7 
:a:>.7 
239 

146.2 

16.1 
3'.1.2 
25 

13.9 
17 

56.6 
148.8 

RunlO 

22.8 
'Z7.2 
'Z7.4 
34.8 
29.2 
29.2 
3'.1.3 
92.2 
4Q 

323.1 

39.7 
44.S 
18.9 
28.1 
24.6 
35.3 

19 
:lll.S 
3'.1.4 
251 

RunlO 

16.2 
14.6 
13.3 
12.4 
46 

14.6 
JZl 

129.4 

17.8 
71.4 
12.3 
10.8 
23.S 
28.2 
14.S 
178.S 

«l.37 
%7.41 
11.98 
16.35 
14.64 

zs• 
136.43 

17.38 
18.52 
n.z:i. 
12.56 
14.117 
SS.I! 
147.86 

23.29 
26.'17 
%7.04 
34.59 
28.89 
29.83 
:a:>.37 
84.18 

2.774106 
2.303837 
1.36284 

2.637444 
2.507411 

'''" 6.06521 

l.81'Z7114 
l.ISS47 

1.884321 
0.99o61184 
1.1117643 
2.098386 
l.9c591184 

Sld.Dn. 

0.3911469 
0.6S667S 
1.471356 
l.SIS439 
l.S'.23483 
1.0SSl99 
0.9.S6905 
5.820233 
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317.117 6.le.1648 

39.64 
46.15 
20.S 
%7.03 
25.65 
36.72 
18.89 
3'.1.9 
21.73 
257.21 

17.96 
13.37 
13.26 
11.7 
4S.7 
13.67 
11 4Z 

1%7.08 

18.86 
34.68 
13.94 
8.78 
32.77 
28.7 
14.7 

152.43 

4.S24SS 
3.829491 
1.656636 
1.363044 
l.088S77 
2.306898 
0.5$4677 
0.977S2S 
3.396747 
6.193446 

Sid. Dov. 

l.Sl340ZI 
l.sS7812 
l.SS8632 
0.916388 
2.2Q742 
1.302178 

Q 97779ft 
4.531561! 

1.641273 
3).696\lS 

I~ 

1.661191 
10.24023 
3.91ll9'2 
l.77JOI4 
13.8:'092 
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Table B-6. Calibrated Model Travel Times - With LRT (continued) 
Nccwort4: Potllml: llml llm2 llm3 llm4 llmS llm6 llm7 llm8 lbm9 lbmlO .,...., Sid.Dev • 
w ... toEut: 
l.Ml..KtoGnnd 26.7 29.6 16.7 30.4 20.9 27.6 28..S 33..3 29.1 34.8 2'7.76 S.41073 
2.. G:nmol "'6ch 24.3 Zl 21.1! 18..3 18.4 21.1! IS.4 16.8 17..3 18.6 19.57 2.'48088 
3. 6chto7di 211.5 18.8 18..3 20..3 24..S 16.6 16..3 16..S 20.I 14 18.59 2..9SC52 
4. 7di IOSl!h 15.8 17.1 IS.I IS.4 19..3 16.6 17.8 '.lD.4 18.6 22.1 17.112 2.288037 
s. 9'h"' !Ith 21.1 22.8 24.1 :ZS.2 19.9 20.4 21.9 26 '.lD.4 17.5 21.93 2.621302 
§ lhblQJ• :zti 312 all 2~2 :atil II.I ~ Ill Ill :ZI :z221 l~ 
TOTAL 134.4 132.2 116.8 135..3 129.7 121.8 124.9 131.1! 124..3 128 127.92 S.928612 

Nccwort S: Portlm:I: Rml Rm2 lbm3 llm4 lbmS lbm6 lbm7 Rims llm9 lbmlO Mam Sid.Dev. 
&ottow..t: 
I. 1221rl "' II 7th 34..S 33.9 35 34.7 38 34.1 40.8 3S.I 31.4 38.8 35.113 2.7SU36 
2. II 7di "' llJlh 26 :ZS.9 :zs.s 24.2 :ZS.9 :ZS.6 Zl.1 31.1 2'7.4 2'7.4 215.21 2..149134 
3. llJlh to I081b 34.1 29.l 29.9 31.7 29.11 29..S 34.9 3S.9 29.7 32.2 31.68 2.50191 
4. 1081h !e l02nd 43.4 43.1 47.8 Sl.S 44,j 46.8 s1.:z 42.1 45.2 48.2 46.35 ;p17318 
TOTAL 138 132 138.2 142.l 137.9 136 I~ 144.2 133.7 146.6 139.87 S.742444 

W•ttoEut: 
I. loz..I to U18th 38.3 41.6 33 36.9 43.7 35.6 37.3 34.7 42.7 39.3 38.31 3..SZ!083 
2. 108lb "' l lJlh 32.2 29.9 32.4 36.3 33 32.3 33.4 31 30.7 28.8 32 2.0838 
3. 113th"' l17th 24.2 'Ni.1 29.S 31.I 29.2 28.6 29.4 :ZS.I 30.1 2'7.2 28.ll 2.238278 
• U:ZSIUg I 2Zml :132 ~~ ~ ~s :l2 :iU 6!111 ;fl B ~~· :ill Slll :Z3!!4~ 
TOTAL 138.6 143.8 l~.9 JS7.8 147.9 ISS.4 164.7 138.6 148.9 145.4 149.2 s.:mm 
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Table B-7. Calibrated Model Travel Times - Without LRT 

Network I: Loo~: 

Weatlo&ot: 
I. Flower lo Gnmd 

2. Gnmd 1o O!Mo 
3. O!Mo 1oHill 
4. Hill 10 B1'lOdwlly 
S. BRllliway IO Main 
6 Main tg lpe Azmlm 
TOTAL 

&ottoWeat: 
I. Loo~ 10 Main 
2. Mom 10 B....iw.y 
3. BRllliway lo Hill 
4. Hill 10 O!Mo 
S. Oliw 1oGnmd 

6. Gnmd IO FioMor 
TOTAL 

Network 2: Loo~: 
W...ttoEut: 
I. Loo !qoa 10 Mapll> 
2. Moplo 10 T riaity 

3. Trimly 1o S... Pedro 
4. s... Ped:o lo Griffith 
5. Gmlith 10 c-nl 
6. c-nl IO Nlollllli 
7.N.....,;io11oop:r 
8. 8-r 10 l..;q llooch 
2 I.ms 'kes*i tp Aleppta 

TOTAL 

Eut10WC10t: 
1. Alamoda 10 l..;q llcodi 
2.1..;q llcMh lo 8-r 
3. Hoopm lo Nlollllli 
4. Nlollllli 10 QmaJ 
.s. c-nl lo Griffith 
6. Griffilh 10 s... Pedro 
7. Su Pedro lo Trinily 
8. Trinily lo Mapll> 
9. Map!io 1o Loo Anpj1ra! 
TOTAL 

Network 3: l..;q llcMh 
Soulh lo North: 
I. l1t 1o Bftllll<lway 
2.Bftllll<lway1o3'd 
3. 31dlo41h 
4. 4lb IO Stb 
s. Sthto&h 
6. 61.b lo 7th 
7 7d>121hh 
TOTAL 

North 1o South: 
I. 8lh lo 7th 
2. 7th lo 61.b 
3. 61.b lo Stb 
4. Sthlo4th 

s. 4th lo 3'd 
6. 3rd lo B1'lOdwlly 
7. B""""'" 1o 1st 
TOTAL 
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II.uni 

S4.7 
22.4 
10.7 
17.4 
24.2 
2S 7 

!SS.I 

18.6 
23..S 
'.lll.9 
16.4 
15.7 
S4.4 
149..S 

II.uni 

23.4 
27.2 
21.2 
32.2 
28.7 
29.4 
19.6 

81.2 
p 

309.9 

44 
48.4 
20.6 
26.8 
23.7 
32.8 
17.8 
19.3 
20.7 

254.1 

Rml 

IS.9 
13.6 
13.2 
13.7 
48.1 
14.2 
66 

125.3 

42.8 
11.3 
12.4 
11.7 
9.6 
47.8 
12.8 
148.4 

Run2 

S4.4 
22..S 
11.4 
18.9 
23.6 
21' 

152.1 

19.4 
24.8 
21.9 
15.6 
14.3 
S4.1 

150.1 

22.2 
24..S 
21.6 
32.1 
28.8 

30.3 
19.3 
71.9 
43 s 
305.2 

40.6 
49..S 
19.7 
27 

24.1 
33.4 

18.7 
'.Ill.I 

254.1 

Run2 

16.3 
12.S 
13..S 
12.S 
45.7 
15.3 

7 
122.8 

45.7 
12.S 
12.6 
11.4 

8.7 
44.3 
1;1 

147.3 

llun3 

50.6 
2S.8 
12.2 
19..S 
21 
p 

IS6.I 

19.6 
23.8 
21.2 
17.2 
16.6 
54.9 
153.3 

Run3 

22.7 
24.9 
21.9 
34.2 
27.8 
28 

19.3 
74.6 

301.7 

39.8 
47.6 

20.4 
2S.S 
23.7 
36.9 
18.9 
18.2 
19.3 

Jlun3 

16..S 
16.4 
10..S 
12.S 
46.6 
1.S.4 
6§ 

124..S 

44.6 
17.3 
11.3 
10.9 
II 

39.9 
IS.3 
150.3 

llun4 

SS.6 
27.2 
12.1 
19.3 
22.8 
251 

162.8 

21.1 
24.2 

19 
14.8 
14 

53..S 
146.6 

Run4 

21.8 
2S.8 
23.2 
31.1 
32.8 
29.S 
21.l 
74.7 
43 

308.3 

44.3 
45.6 
19.7 
29.9 
24 

31.6 
18.9 
18.9 

252.9 

Run4 

12.S 
12.7 
IS.4 
IS.6 
47 

13.8 
72 

124.2 

41.4 
14.2 
17.7 
10 

8..S 
38.4 

13J 
143.4 

IbmS 

S3.9 
21.7 
11.6 
18.2 
2S.4 
229 

18.3 
2S..S 
21..S 
14.9 
14.2 
S6.3 
150.7 

22.8 
24.6 
26.1 
33.4 
28..S 
29.6 
'.111.2 
76.3 
1!! 6 

310.1 

39.8 
44.8 
19.6 
2S..S 
24.1 
35.8 
16.2 
17.7 
21 

244..S 

llmS 

13.4 
12.8 
12.6 
11.9 
48.4 
14.6 
78 

121.S 

46.6 
12.S 
12.9 

8 
II 

33.7 
11 

135.7 

52.1 
26.ll 
10.7 
17.4 
21..S 
2'6 
1S2.I 

19.7 
24.4 
21.3 
IS.4 
IS.1 
S6.I 
152.6 

Run6 

23.1 
26.1 
22.9 
30.9 
28.7 
29 

19.7 
77..S 
477 

305.6 

SS.4 
47.8 
'.lll.2 
25.8 

25..S 
35.1 
18.6 
20 

19.4 
2167.8 

llun6 

lS..S 
12.1 
16.4 
11.7 
48..S 
13.7 
64 

124.3 

47.3 
13 
IS 

9.8 
10.3 
31.6 

13 
146 

lbm7 

Sl.4 
22.4 
14 

'.lll.2 
17.3 
2:3 

11!!.3 

'.lll.4 
24..S 
18.ll 
14.7 
16.1 
S4.I 
11!!.6 

Run7 

22.6 
2S.7 
22.9 
34.3 
30..S 
29.8 
19.9 
76.3 
468' 

49.3 
47.2 
19.8 
26.4 
24.3 
33.S 
18..S 
'.Ill 

'.lll.S 
259.S 

llun7 

13.S 
13 
16 

II.I 
44.2 
19.1 
72 

124.1 

45.3 
IS 

12.3 
11.3 
8.6 
34.3 

14 
140.8 

lbm8 

S3.7 
24.6 
12.1 
19.1 
21.2 
246 

ISS.3 

19.9 
23.9 
22.4 
14 

15.2 
S6.6 
152 

Run8 

23.6 
27..S 
22.3 
29.6 
27.3 
30.7 
21.8 
78.7 
.f19 

309.4 

43.8 
46.6 
18.7 
26.4 
23.ll 
33.9 
18.1 
16.9 
22.2 

Jl.11118 

17 • .S 
13..S 
12.7 
12.6 
46.7 
13..S 
§7 

123.2 

45.2 
14.8 
10.9 
11.7 
8.3 
45.3 
15.7 
151.9 

53.4 
26.4 
11.9 
22.7 

'.lll.7 

U' 
IS9.4 

19 
2S.9 
19.2 
14.2 
15.4 
54.2 
147.9 

llm.9 

22.4 
25.6 
21..S 
32.9 
27.9 
29.1 
'.111.7 
78 
47 

305.1 

63 
45.8 
'.111.6 
27.8 
24.l 
34.4 
17.1 
19.8 
19.9 

llun9 

IS.I 
13.2 
13.3 
10.3 
46.3 
14.4 

119.8 

44 

13.3 
16.4 
10.3 
9.6 
36.1 
14.3 
144 

Run!O 

50.3 
2S.7 
11.ll 
18 
22 

14, 
152.3 

19.4 
22.7 
22.4 
IS.ll 
IS.4 
53.4 
149.I 

RunlO 

22..S 
25.4 

21.6 
33.9 
31.3 
29 

'.111.3 
75..S 
47 

4'2.1 
48.1 
19.2 
27.7 
23.2 
34.2 
17.3 
18.6 
19.6 

RunlO 

S3.01 
24..SS 
llJIS 
19.07 
21.97 
:up 
154.72 

19.54 
24.32 
20.86 
IS.3 

lS.'216 
.54.76 
150.()4 

22.71 
25.73 

22.52 
32.46 
29.23 
29.44 
'.111.19 
77.07 
4711 

46.21 
47.14 
19.llS 
26.88 
24.0S 
34.16 
18.01 
18.9S 
'.lll.36 
255.61 

1.81013 
2.10776 
0.93005 
IS»! 

2.24254 
I «WiJ 
4.10171 

0.82219 
0.9.3785 
1.37453 
0.99107 
0.85401 
l.l'X>19 
2.1376 

0.54457 
1.00228 
1.43%111 
1.57141 
1.74677 
0.75011 
0.81302 
2.022till 
O'Xlfj?A 

7.li0693 
1.44006 
o.61509 
1.33733 
0.5911575 
1.51379 
0.90117 
l.A1!91!71 
0.90086 
8.63551 

Std. Dov. 

14..S IS.07 1.581118 
IS.I 13.49 1.30848 
11.8 13.54 1.87747' 
11.2 12.31 1.49774 
46.2 46.77 1.32502 
IS 14.9 1.61'89 
76 1m Q4SJ17 

121.4 123.11 I. 72849 

45.4 44.83 1.74168 
12.6 13.65 1.711169 
13.8 13.53 2.20608 
8.8 10.39 1.21Dl3 
8.4 9.4 1.06249 
40.7 39.81 4.75241 
11.8 13.32 l..Sl'.1113 
141..S 144.93 4.86987 
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Table B-8. Calibrated Model Travel Time Comparison to Validation Data 

Volidalion Dela Madelw/LRT ModdwloLRT 
Netwodc l: Los Al'.lgdes: Mean Std. Dev. Paca1I Dcba Mean Std. Dev. Pccent Della Mean Sid. Dev. 

oor..r..... Diftinnco 
Wat to East 
I. Flower lo Grand 27.50 18.62 46.80 12.87 40.37 2.77 92.76 26..Sl 53.01 l.81 
2. Grand to Oliw 24.83 21.09 10.39 2.58 27.41 2.30 -1.13 .0.28 24.SS 2.10 
3.0liwloHil 14.50 20.34 ·17.38 ·2.52 ll.!18 1.36 ·18.28 ·3.65 II.SS 0.93 
4. Hill lo Broadway 17.67 17.70 -7.47 ·1.32 16.35 2.64 792 1.40 19.07 l.S7 
s. Broadway lo Main 31.00 25.64 ·Sl.11 ·16.3 14.64 2.SI ·29.13 -9.03 21.97 2.24 
fi Majn tg la AmJs; J767 11123 4~» 8!)! 2,§8 rn 3735 7§0 up I §6 
TOTAL 133.17 16.42 3.26 136.43 6.01 22..SS 154.7 4.10 

East to West 
I. Los .Angeles to Main 18.67 18.88 ~ ·1.29 17.38 1.81 4.68 1.87 19.54 0.82 
2. Main to Broadway 27.00 21.27 -31.41 -8.48 18.$2 1.56 -9.93 -3.68 24.32 0.94 
3. Broadwayto Hill 26.00 25.21 4.69 1.22 27.22 1.88 ·19.77 ·S.14 20.86 1.37 
4. Hill to Oliw 16.33 16.84 ·23.09 ·3.11 12.56 1.00 -0.31 -1.03 IS.JO 0.99 
S. OIM to Grand 6.61 1.03 Ill.OS 7.40 14.07 1.79 128.90 9.59 IS.26 o.as 
6. Grand to Flower Sl.00 20.28 ll.7S 6.11 SS.II 2.10 S.31 3.76 54.16 1.17 
TOTAL 146.67 29.29 1.19 147.86 1.97 3.37 150.0 2.14 

N-.:.d: 2: Los .Angeles Mean Std. Dev. Peft:cnl Delta Mean Std.Dev. Pccent Della Mean Std. Dev. 
OOl'emlce Dilfercru::e 

Wat to East 
I. Los .Angdes to Maple 31.50 20.16 ·37.89 ·14.2 23.29 0.40 ·39.44 ·IS.4.7 22.71 0.54 
2. Maple lo Trinity 28.83 11.62 -0.45 ·1.86 26.91 0.66 ·10.7S ·3.10 25.73 1.00 
3. Ttinily to San Pedro IS.67 2.16 72.60 11.37 27.04 1.47 43.74 7.SS 22.Sl 1.43 
4. San Pedro lo Grillith 41.33 7.12 ·16.31 -0.74 34.59 l.S2 -21.46 -9.87 32.46 l.S7 
s. Gm!ilh to Central 33.17 21.25 -12.90 -4.28 28.89 l.S2 ·11.88 -4.94 29.23 l.7S 
6. Central to Naomi 35.67 34.16 ·16.37 ·S.ll\4 29.83 l.oti ·17.47 -0.23 29.44 0.1S 
7. Naomi to Hooper 17.00 3.58 19.82 3.37 20.37 0.96 18.76 3.19 20.19 O.lll 
8. Hooper to Long lladl 62.17 4.96 35.40 22.01 84.18 S.82 23.97 IS .. 90 17.07 2.0l 
9 lpng Bpsh tg Alemrdn ngt 57s -4298 -3]5 4191 m ·» 09 -26U 4111 071 
TOTAL 344.83 73.44 -27.7 317.07 6.17 -38.7.7 307.0 2.70 

East to West 
I. Alameda to Long lladl 22.33 1.37 11.49 17.31 39.64 4.52 106.91 24 . .88 46.21 7.61 
2. Long Bead! to Hooper 20.67 2.58 123.27 25.48 46.IS 3.83 128.06 26 .. 47 47.14 1.44 
3. Hooper to Naomi 13.83 1.60 48.19 6.67 20.50 1.66 43.49 6.02 19.SS 0.62 
4. Naomi to Central 18.67 2.25 44.78 8.36 27.03 1.36 43.97 8.21 26.88 1.34 
5. Cenlnl to Grifiith 23.67 3.08 8.38 1.98 25.65 1.09 1.62 0.38 24.0S 0.60 
6. Gdllilh to San Pedro 29.17 3.06 25.88 7.SS 36.72 2.31 17.11 5.99 34.16 I.SI 
7. San Pedro to Trinity 14.00 0.89 34.93 4.89 18.89 o.ss 28.64 4.01 18.01 0.90 
8. Trinity to Maple 17.17 2.71 21.72 3.73 20.90 0.98 10.37 2.78 18.9S 1.10 
9. Maple to Los A!!g<:1es 17.83 1.47 21.85 3.90 21.73 3.40 14.17 3.53 20.36 0.90 
TOTAL 117.33 3.61 79.88 2S7.21 6.19 78 .. 21 255.6 8.64 

Netwodc3: LongBeacb Mean Std. Dev. Pen:ent Delta Mean Std. Dev. Pccent Della Mean Sld. Dev. 
Oiffen"1ce Dim:rellce 

Soulh to NOllh: 
I. 1st to Broadway 41.83 17.17 -S7.06 ·23.8 17.96 1.93 -03.97 -27.6.7 IS.07 I.SS 
2. Broadway to 3rd 12.67 4.80 5.55 0.70 13.37 1.56 6.50 1.82 13.49 1.31 
3.3rdto4th 11.50 2.17 15.30 1.76 13.26 I.SO 17.74 2.04 13.54 1.88 
4. 4th to 5th 9.17 0.75 27,64 2.53 11.70 0.98 34.29 3.14 12.31 I.SO 
5. Slhto 6th 36.00 4.73 26.94 9.70 45.70 2.26 29.92 IL77 46.17 1.33 
6. 6th to 7!h 12.00 0.89 13.92 1.67 13.67 1.30 24.17 3.90 14.90 1.62 
7 7th tgfttb 1517 77tj -2470 -375 II 42 Q 9l! -5365 -!! 14 703 04§ 
TOTAL 138.33 26.70 -11.2 127.08 4.53 ·IS.S.2 123.1 1.73 

NOl1h to South: 
I. 81hto 7!h 42.50 16.67 -55.62 -23.6 18.86 1.64 5.48 2.33 44.83 1.74 
2. 7th to 6th 18.33 14.09 89.16 16.35 34.68 20.70 ·25.55 ·S.68 13.65 1.72 
3. 6lh lo Slh 11.00 1.67 26.73 2.94 13.94 1.27 23.00 3.53 13.53 2.21 
4. Sthto 4th 11.00 2.45 -20.18 -2.22 8.78 1.66 -5.SS -1.61 10.39 1.26 
5. 4th lo 3rd 44.67 17.00 -26.63 -11.9 32.77 10.24 ·78.96 -35.S.2 9.40 1.06 
6. 3rd to Broldmy 19.50 19.37 47.18 9.20 28.70 3.96 104.15 20 . .31 39.81 4.75 
7. Brot!dwayto Isl 15.33 11.69 -4.13 .0.63 14.70 1.78 -13.13 ·2.01 13.32 I.SI 
TOTAL 162.33 32.37 -9.90 152.43 13.82 ·17.7.4 144.9 4.87 
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Table B-8. Calibrated Model Travel Time Comparison to Calibration Data 
(continued) 

Validalion Dllla ModdwlLRT Modd w/o LR.T 
N-adl: 4: Poltland: Man Sid. Dev. Percent Della Man Sid. Dev. Percent Della Mean Std.Dev. 

oor.i- oora-
West to East 
I. MLK to Grand 36.71 7.47 -24.38 ·8.9S 27.76 S.41 
2. Grand to 6lh 14.71 S.67 33.04 4.86 19.57 2.9S 
3. 6dt to 7th 12.29 4.98 Sl.26 6.30 18 . .59 2.9S NIA 
4. 7th to91h 20.57 8.82 -13.37 -2.7S 17.82 2.29 
S.91hto 11th 26.29 9.10 ·16.SS -4.36 21.93 2.62 
a lllllt.111;1111 1122 I IB 21 !i~ 3~ '22~ rn 
TOTAL 12Ul6 13.31 .0.94 127.92 S.93 

Netwadl:2: LosAngda Mean Sid. Dev. Pe:r<ent Della Man Sid. Dev. Percent Della Man Sid. Dev. 
Dilrerence oora-

Eat to Wat: 
I. 122nd to II 7th 30.00 8.29 18.67 S.60 3S.60 2.16 
2. ll71h to 11311! 30.29 7.02 ·13.47 -4.08 26.21 2.IS NIA 
3. 11311! to 108!h 33.14 4.20 -4.41 ·l.46 31.68 2.50 
4. IOSdi to I Olnd 38.43 12.33 20.61 7.92 46.3S 3.31 
TOTAL 131.86 13.31 8.017 1311.87 S.74 

West to East 
I. 102nd to 108!h 3SJl6 4.12 6Jl3 2.45 3&.31 3.SZ 
2. 108!h to 113th 34.14 7.63 ~27 ·2.14 32.00 2.08 NIA 
3.1131hto 1171h 20.43 3.63 37 . .59 7.68 28.11 2.24 
4.1171hto !22nd 64.00 19.43 -20.66 ·13.2 S0.78 7.31 
TOTAL 154.43 24.78 ·S.23 149.20 8.34 
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Table C-1. Calibrated Model Travel Times (TransSim II'™) 

Netwodc I: LosAzll!*s: RIDl I Run2 Run3 Run4 Runs RID16 Run7 RID18 RID19 RunlO Mean Std.Dev. 

WesttoEut 
l. Flower to Orand 3.s.97 37.66 37.0S 37.21 38.26 36.79 36.62 37.41 34.63 36.82 36.841649 0.993118 
2. Orand to Olive 13.66 13.S9 13.27 13.llS 13.48 13.9$ 13.03 13.63 13.SS 13.66 13.S6S692 0.265162 
3. Olive to Hill 17.22 16.70 16.00 17.47 16.68 18.S7 16.S6 17.02 16.29 16.09 16.llS9406 0.766238 
4. Hill to Broidway Ul.78 18.96 18.S!> 1954 18.67 19.3.S 19.36 18.74 18.07 18.82 18.887887 0.43S91 
s. Broidway to Main 16.73 17.22 17.30 17.12 17.70 17.09 16.83 17.28 16.20 17.13 17.061968 0.401672 
6. Main to Los An""1es 19.8'7 20.$7 19.91 20.17 20.62 19.91 19.SS 20.08 19.26 19.98 19.991662 0.41126 
TOTAL 122.23 124.70 122.11 12$.36 12.S.41 12.S.6S 121.94 124.16 118.03 122.49 123.20826 2.349371 

East lo West: 
I. Los Angdos to Main 17.26 17.IS 16.49 17.23 17.67 17.18 16.24 17.26 18.17 17.28 17.194162 0.$36999 
2. Main to l!modMly 19.llS 20.31 19.81 19.$7 19.$9 19.9$ 19.49 19.77 20.0$ 19.87 19.829968 0.244913 
3. Broidway to Hill 16.16 16.52 1754 16.4$ 16.l.S 18.02 16.79 16.66 16.07 17.26 16.77.5387 0.641602 
4. Hill to Oliw 8.S9 9.09 9.09 8.73 8.69 9.33 8.8$ 8.77 8.47 8.99 8.&$92063 0.263017 
$. Olive to Grllld 17.81 20.SI 19.38 18.35 17.76 19.29 18.48 18.47 18.42 19.40 18.18$192 0.84llOS8 
§ s;'GJdfQ~ :1ZZl 3l~ jl~ :1Z 114 :1Z2l -~ :1Zii ~21 jl§l ji II j!Jl:t.242 um:J 
TOTAL 127.39 133.64 131.24 128.17 127.90 132.04 127.33 129.13 129.86 130.91 129.76116 2.152982 

Netwod: 2: Los Angdes: RIDl I Run2 Run3 Run4 RIDlS RID16 RID17 RID18 Run9 RunlO Mean Std.Dev. 
WmttoEast: 
I. Los Angdes lo Maple 21.93 21.83 22.08 22.13 22.41 21.28 21.79 21.72 22.84 22.93 22.101914 O.SIS2S6 
2. Maple lo Trinity 26.49 27.10 26.43 27.38 27.34 26.08 26.99 26.14 27.SI 27.77 26.918986 0.599519 
3. Trinity to San Podro 18.SS 19.04 19.0S 18.83 18.91 18.S8 19.34 18.66 19.03 IS.Sil 18.l!S$007 0.262162 
4. San Pedro to Gliflilh 33.09 33.66 33.4$ 33.67 33.SO 33.11 33.89 33.06 33.67 33.3$ 33.4$3$95 0.289423 
$. Glil!id> lo Callnl 2.S.79 2.S.40 2.S.69 2$.$3 2.S.S8 2.S.SS 2.S.90 2.S.70 2$.63 2.S.68 lS.645982 0.141048 
6. Cenlnl to N-.i 24.38 24.33 24.37 24.27 24.38 24.14 24.47 24.40 24.27 24.3S 24.338S66 0.090946 
7. N8<lDli to Hooper 16.18 16.24 16.12 16.14 16.14 16.16 16.24 16.12 16.27 16.12 HU73224 0.0$697 
8. Hooper to Long Bcacb 47.28 41.sS 47.16 47.$6 47.67 46.1$ 47.72 46.90 47.80 47.49 47.386688 0.3.SSOS2 
9. !:2!!11 Beach to Alamecla 44.06 44.09 43.87 44.36 44.2.S 43.S!> 44.42 43.1S 44.46 44.36 44.123362 0.302304 
TOTAL 2.S7.7S 2$9.24 2.S8.22 2$9.87 260.30 2.SS.24 260.76 2$6,4$ 261..48 260.64 2$8.99732 2.034$04 

East lo West: 
I. Alameda to Long Beach 30.12 29.93 30.63 30.08 30.76 29.8$ 30.27 30.14 30.28 30.63 30.271362 0.3103S6 
2. Long Beach to Hooper 32.01 31.33 32.07 31.6$ 30.98 32.S4 32.13 32.13 31.47 31.36 31.76$688 0.481873 
3. HoopertoN-.i 17.$9 17.49 17.$7 17.40 17.40 17.48 17.47 17.49 17.48 17.38 17.475224 0.069162 
4. N-.i lo Ca!tral 32.27 31.92 32.07 32.00 32.lS 32.10 31.76 31.74 32.22 31.74 32.009566 0.21013$ 
s. Cenlnl to Clrillilh 23.13 23.08 23.20 23.14 23.02 23.09 23.11 23.02 23.ll 23.02 23.092982 O.OS9404 
6. Glil!id> to San Pedro 33.69 33.21 33.86 33.36 33.SO 33.36 33.63 33.62 33.60 33.S!> 33..s44S9S 0.188786 
7. San Pedro to Trinity 13.24 13.22 13.2.S 13.22 13.23 13.22 13.23 13.23 13.24 13.24 13.229007 0.010328 
8. Trinity to Maple 20.49 20.SO 20.S!> 2054 20.44 20.32 20.40 20.32 20.S4 20.37 20.4n986 0.101001 

2 !d1111'ml.mA11m II~ IB~ JI~ lllli IH! llQ 112~ um IBJ2 um JiQf2J~ ~J;Ql!Z 
TOTAL 220.93 219.26 221.81 219.7$ 220.18 220.38 220.26 220.26 220.26 219.$7 220.26832 0.11SS4S 

Netwod: 3: Long Beach Run! Run2 Run3 RID14 Runs RID16 Run7 Run8 Run9 RunlO Mean Std.Dev. 
SooJlh to North: 
I. Isl to Broadway 23.26 IS.66 12.63 13.01 19.03 22.79 13.86 2.S.34 32.6$ &ST 18.618296 7.309S81 
2. Broidway to 3rd 7.70 7.44 7.03 7.30 7.47 7.49 7.2.S 7.84 7.62 6.89 7.-4021961 0.293187 
3. 3rd to 4lh 10.36 10.SS 8.24 8.90 10.66 9.06 8.91 10.18 10.71 8.74 9.6296961 0.943667 
4. 4lh to Sib 16.27 12.04 14.77 ll..SO IS.21 13.ll 13.76 13.73 14.12 10.96 13.546796 l.678843 
s. Siii to 6th 57.57 49.26 43.38 45.61 s.l.07 47.42 46.10 S2.l6 Sl.08 37.34 48.198996 S.$84934 
6. 6lh to 7lh 17.42 12.91 14.03 14.77 10.96 lS.68 14.73 24.60 21.39 19.28 16.$84!196 4.137407 
7. 7lh to 8lh 13.02 10.49 IUS 11.62 9.16 12.19 11.6.S 12.21 11.10 11.17 11.43$1196 l.OS6248 
TOTAL 14.S.@ 118.42 111.22 112.72 124.SS 127.73 116.24 146.06 149.27 102.96 12.S.47687 16.3S9.SS 

North to Soulh: 
I. 81hto71h .Sl.S4 47.SS 49.06 62.68 33.S4 SI.OS 46.08 49.70 68.76 97.81 SS.802996 17.$0134 
2. 7lh to 6lh 44.$2 28.06 24.09 44.73 19.46 2$.64 28.23 44.0S 27.98 16.14 30.28$996 10.$0117 
3. 61hto '411 7.34 7.84 6.90 7.83 7.73 7.01 7.SS 7.09 7.90 7.72 1.4869961 0.377314 
4. Slh to 4lh 20.04 IS.99 14.66 17.01 16.23 IS.51 16.87 19.6$ 16.23 12.16 16.436996 2.26&34 
s. 4lh to 3rd 14.97 10.72 10.82 II.SO 11.17 10.1$ 11.68 13.66 11.48 9.90 11.666996 l.SlllS04 
6. 3rd to l!roodway 30.64 23.29 19.98 26.37 22.92 21.9.S 23.SS 28.28 22.80 ls.II 23.4114996 4.3220S8 
2 Bloa<iwax SQ IE 2~D2 U£Zli 212:1 12211 21 3l 127!1 212~ 21~ ~I Ill 122d :u 111!12211 J7J2Dl2 
TOTAL 194.09 IS2.48 147.42 190.13 132.S2 ISl.64 ISS.18 183.94 176.20 178.0S 166.166!17 20.llS484 
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Table C-1. Calibrated Model Travel Times (TransSim n'.™ - continued) 

N-od< 4: Pordand: Run I R.un2 Run3 Run 4 R.unS R.un6 R.un7 Runs Run9 RunlO Mean S1d. Dev. 
West to East 
I. MLK to Clmnd 2S.S2 l!l.82 24.28 36.17 28.42 26.23 24.21 2l.4S 32.93 21.!IS 26.098 S.IS2749 
2. Clmnd to 6lh 14.76 16.06 14.00 26.63 23.11 l!l.14 19.38 14.09 26.il 13.88 18.782 S.132839 
3. 6lh to 7lh 19.13 11.78 10.57 14.26 18.24 11.40 13.68 9.42 13.11 7.78 12..9368 3.606974 
4. 7111 to !lib. 22.21 2333 19.&S 21.34 23.95 22.00 23.53 19.93 21.il 23.17 22.168 1.445259 
s. 9di to 11th 29.16 29.1S 27.S6 30.60 30.86 29.01 29.39 27.96 29.66 29.99 29.4 1.040064 
6. lllh to 13111 28.29 2S.42 26.20 27.14 26.78 :ZS.94 25.47 24.57 26.83 :ZS.69 26.233 1.0593S 
roTAL 139.07 126.16 122.46 lS6.14 151.36 134.38 13S.66 117.42 ISl.07 122.46 135.6178 13.69561 

Ndw<ldc S: Por!land: Run I R.un2 Run3 R.un4 R.un5 Run6 Run7 Run8 Run9 Run 10 Mean S1d. Dev. 
EasttoWcst 
I. !22nd to 1171h 34.80 34.49 33.7S 34.49 3S.32 34.15 35.39 34.40 33.0S 35.39 34..522341 0.757117 
2.. II 7th to llllh 27.28 27.10 28.33 28.63 21.72 27.67 26.13 28.:ZS 26.36 26.87 27.433347 0.838001 
3. llllh to IOlllh 35.16 36.02 36.01 36.57 37.14 36.02 37.91 37.54 36.07 37.57 36.663181 0.804182 

4 um1bm1mud ~I a~ ~ll ~11111 ~~ ~21 ~I~ illlll ~J~ '2~ -~l 41 1!11112 Jl~ 
roTAL 139.19 138.17 139.16 143.17 142.46 139.27 139.Sl 141.76 135.18 140.26 139.81706 l..3006$ 

WesttoEut 
I. 102nd to IOlllh 48.92 42.89 44.39 SU! .Sl.54 43.60 S7.61 42.88 4S.05 Sl.TI 48.llll!S8 S.101385 
2.. IOSth to llllh 39.83 41.84 41.09 40.22 'Y:J.91 40.89 39.49 40.70 40.93 40.02 40.497134 0.712027 
3. llllh to 117111 32..87 33.37 33.91 34.37 33.70 33.17 32.37 34.52 35.53 34.00 33.78104 0.906076 
4. 1171h to !22nd 41.911 42.35 43.44 41.36 42.55 42.18 42.23 42.44 41.39 42.00 42.193819 0.594114 
roTAL 163.60 160.4.S 162.83 167.47 167.il 159.85 171.71 160.54 162.91 168.79 164.'9063 4.018480 
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Table C-2. Calibrated Model Travel Time Comparison to Validation 
Data (TransSim n'™) 

Vtlidaiion Dlla Moclol w/LR.T 
Netwodc I: Los.A.nsdes: M- Std.Dev. Percent Ddta M"°" Std.Dev. 

Diffim:nce 
Wcstlol!ast 
I. Flower lo Onnd 27.SO 18.62 33.97 9.34 36.84 0.99 
2. Onnd lo Olive 24.83 21.09 ..\S.37 -11.26 13.57 0.27 
3. Olive lo Hill 14.SO 20.34 16.27 l.36 16.86 0.77 
4. Hill lo Broodway 17.67 17.10 6.89 1.22 18.89 0.44 
.S. Broedway lo Main 31.00 25.64 -44.96 -13.94 17.06 0.40 
6. Main to Los A!!g$s 17.67 18.23 13.14 2.32 19.99 0.41 
TOTAL 133.17 16.42 -9.96 123.21 2.35 

East to Wat 
l. Los Ansdes lo Main 18.67 18.88 -7.89 -1.47 17.19 0.$4 
2. Main to Broedway 27.00 21.27 -26.$6 -7.17 19.83 0.24 
3. Broodway to Hill 26.00 2.S.21 -3.S.48 -9.22 16.78 0.64 
4. Hill to Olive 16.33 16.84 ..\S.15 -7.47 8.86 0.26 
.s. Olive lo Gmnd 6.67 1.03 181.78 12.12 18.79 0.85 
6 Qrandto}lgwq 5200 2971! -708 .. J 61! 4l! :If 075 
TOTAL 146.67 29.29 -16.91 129.76 2.U 

NC'!Wolk 2: Los AzlSdes M- Std. Dev. Pc:rc;:nt Delta Me:an Std. Dev. 
Dill'eronce 

West to East 
I. Los AzlSdes to Maple 37.SO 20.16 -41.06 -1.S.<IO 22.10 0.52 
2. Maple lo Ttinity 28.83 11.62 ..S.63 ·1.91 26.92 0.60 
3. Trinity to San Pedro l.S.67 2.16 20.3.S 3.19 18.86 0.26 
4. San Pedro to Griffi1h 41.33 7.12 -19.06 -7.88 33.45 0.29 
5. Griffi1h lo Cenlral 33.17 21.25 -22.68 -7.52 25.65 0.14 
6. Central lo Naomi 35.67 34.76 ·31.77 -11.33 24.34 0.09 
1. Naomi to Hooper 17.00 3.S8 -4.ll6 -0.83 16.17 0.06 
8. Hooper to Long Beach 62.17 4.96 -23.78 -14.78 47.39 0.36 
9. Long Beach to Alameda 73.SO 5.15 -39.97 -29.38 44.12 0.30 
TOTAL 344113 73.44 -85.83 259.00 2.03 

East to Wat 
I. Alameda to Long Beach 22.33 1.37 35.$4 7.94 30.27 0.31 
2. Long Beach to Hooper 20.67 2.S8 53.68 11.10 31.77 0.48 
3. Hooper IX> Naomi 13.!t3 1.60 26.33 3.64 17.48 0.07 
4. Naomi to Centn1 18.67 2.25 71.45 13.34 32.01 0.21 
5. Central to Gri1lith 23.67 3.08 -2.42 -0.51 23.09 0.06 
6. Griffi1h to San Pedro 29.17 3.06 IS.CO 437 33.$4 0.19 
7. San Pedro to Ttinity 14.00 0.89 -5.51 -0.77 13.23 0.01 
8. Ttinity to Maple 17.17 2.71 19.12 3.28 20.45 0.10 
2 MR m Lm Anntss 17!!3 147 333 052 1843 913 

TOTAL 17733 3.61 42.94 220.27 0.72 

Netwod< 3: Long Beach M- Std.Dev. P«ccllt Dellll Me:an Std. Dev. 
Dilfercm:c 

Sowh to North: 
I. lstto Broodway 41.83 17.17 -5535 -23.15 18.68 7.31 
2. Broodway to 3rd 12.67 4.80 -41.56 -5.26 7.40 0.29 
3. 3tdto 4lh II.SO 2.17 -16.26 ·1.87 9.63 0.94 
4. 4lh to$!h 9.17 0.15 47.78 4.38 13 . .S.S 1.68 
.S. $!h lo 6Ch 36.00 4.73 33.89 12.20 48.20 S.S8 
6. 6Chto 7lh 12.00 0.89 38.21 4.59 16.59 4.14 
7. 7lh to 8lh 15.17 7.76 -24.60 -3.73 11.44 1.06 
TOTAL 138.33 26.10 -12.85 125.48 16.36 

North to Solllh: 
1. lllhlo 7lh 42.SO 16.67 31.30 13.30 55.80 17.SO 
2. 71hto 6lh 18.33 14.09 OS.20 11.95 30.29 10.SO 
3. 6lb. to 5th 11.00 1.67 -31.94 ·3.51 1.49 0.38 
4. 5thlo 4lh 11.00 2.45 49.43 5.44 16.44 2.27 
5. 4lh to 3rd 44.67 17.00 -73.88 -33.00 11.67 1.52 
6. 3tdto Broedway 19.SO 19.37 20.44 3.99 23.49 4.32 
:z R<rnadwav m lli 1~3.J II R2 3Si2Z ~§Z 21 ll!I 172 
TOTAL 162.33 3237 3.84 166.17 20.85 
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Table C-2. Calibrated Model Travel Tune Comparison to Validation 
Data (TransSim Ii™ - continued) 

Netwodl: 4: Partlond: Mean Std. Dev. Percenl Della Mean Std. Dev. 
Dilferenec 

West to East 
LMLK:loOnnd 36.71 7.47 -28.91 ·10.61 26.10 5.15 
2. Onnd lo 6lh 14.71 5.61 27.63 4.07 18.78 5.13 
3. 6lb to 7th 12.29 4.98 5.33 0.65 12.94 3.tll 
4. 7th lollth 20.S'I 8.82 7.77 1.60 22.17 1.45 
5. 9th to I llh 26.29 9.10 11.85 3.11 29.40 1.04 
6. 11th to l:!lh 18.29 1.18 43.45 7.94 26.23 1.06 
TOTAL 128.86 13.31 6.15 135.61 13.70 

Networlc 5: Portlmd: Mean Std. Dev. Percalt Della Mean Std.Dev. 
Diffm:nce 

EISttoWcst 
l. IZ!nd lo 117th J0.00 8.29 15.07 4.52 34.52 0.76 
2. 117th lo 1131h J0.29 7.02 -9.42 -2.85 27.43 0.&4 
3. 1131h lo IOSlh 33.14 4.20 10.62 3.$2 36.66 0.80 
4 IO§th tg I P2nd 31143 )233 721 277 4J20 I IJ 
TOTAL 131.86 13.31 1.96 139.&l 2.30 

Westtol!ast 
L 102nd lo 108th 35.36 4.12 34.20 12.26 48.12 5.10 
2. 108lh lo 113th 34.14 7.63 18.61 6.35 40.SO 0.71 
3. 1131h to 111111 20.43 3.63 6.S.36 13.35 33.78 0.91 
4. 111111 to !22nd 64.00 19.43 -34.07 ·21.81 42.19 0.59 
TOTAL 154.43 24.18 10.16 164.59 4.08 
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