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Executive Summary
Following the obvious failings to effectively evacuate the low-mobility populations from New
Orleans for Hurricane Katrina, state and local officials in Louisiana as well as their federal
counterparts, developed a revised evacuation plan for the region that includes a much greater
usage of public transit resources. The 2006 post-Katrina New Orleans City Assisted Evacuation
Plan relies on busses, trains, and even airplanes to ferry out elderly, infirm, tourists, and
economically disadvantaged residents of the city using a complex relay system that spans
between various modes and locations. Although officials are confident that the new plan will
eliminate much of the delays and suffering experienced by these low-mobility individuals, at the
time of this research and development project the plan was not yet complete and had never been
tested or evaluated to any degree. The city assisted evacuation plan for New Orleans is one of
the cornerstones of the city‟s emergency preparedness position to assist the elderly, sick, and
poor. However, it had never been used, practiced, or even simulated and no one knew how well
or even if it will actually work.
In this project the Transportation Analysis and Simulation System (TRANSIMS) was applied for
emergency transportation planning and analysis. In this effort, the TRANSIMS platform was
used to develop a transportation model to simulate the travel processes associated with an
evacuation of the New Orleans Louisiana metropolitan region. Given the temporal and spatial
scales of mass evacuations, it was theorized that the scalability and level of detail afforded by the
TRANSIMS program would make it an ideal system to model, test, and evaluate evacuation and
other emergency transportation plans. In fact, given the capabilities of the program, it is quite
surprising that it has not been used more extensively in the past for city-level emergency
transportation plan development and evaluation purposes.
Background and Motivation for the Study
The large, obvious, and continuing transportation system failures observed in the recent
evacuations associated with Hurricane Floyd in Florida, Georgia, and South Carolina in 1999;
Hurricane Ivan in Louisiana and Mississippi in 2004; and Hurricane Rita in Houston in 2005
have led to significant efforts on the part of the United States Department of Transportation
(USDOT) to assist hurricane-threatened states better manage and prepare for future mass
evacuations. One area where transportation preparedness efforts have lagged behind, however,
is in the area of detailed multimodal emergency transportation modeling and simulation.
The current state-of-practice for the planning and management of evacuations has been largely
based on lessons learned in prior events and the failures identified in prior evacuations. While
there is a large and detailed body of knowledge in the areas of evacuation behavioral patterns,
decision-making, and travel patterns (origins and destinations), there has been a virtual absence
of research, analysis, and modeling in emergency traffic operations in general and in multimodal
emergency transportation in specific. Over the past 10 years, simulation efforts have been
undertaken in several states to analyze and mitigate the traffic impacts associated with mass
evacuation. However, all of this work has been limited to the vehicle-based highway mode, most
notably in the area of freeway contraflow.
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The first Louisiana efforts to manage evacuation traffic were undertaken as a direct result the
very public failings of the 2004 Ivan evacuation. Although severely limited by the capabilities of
existing models, the simulation study had an enormous impact on the enhancements incorporated
for the 2005 hurricane season less than a year later. The overwhelming successes of the
highway-based evacuation for Hurricane Katrina can be traced directly to the 2004 modeling
effort. Despite these successes there nevertheless have remained enormous and glaring
shortcomings in the ability to model evacuations, most notably in terms of the size and duration
of the simulations and the lack of an ability to model pedestrians, transit, or any other beyond the
basic vehicular-based highway mode.
Study Goals and Objectives
The overall goal of the project was to apply the TRANSIMS transportation analysis system to
model and analyze the emergency transportation plan for the New Orleans metropolitan region.
Through this work, the effort also sought to achieve the following objectives:
demonstrate the power and utility of the system for emergency transportation analysis,
illustrate how and where certain aspects of the system are best suited for particular
analyses, and
assist state and local-level transportation agency personnel to become acquainted with the
system and realize it greater potential for the modeling and analyses of both emergency
and routine transportation system analysis.
Methodology
The project was undertaken within a two-phase model development process. The first was the
development of a baseline condition model and the second was the modification of this “Base
Model” to reflect the multimodal regional evacuation plan that was developed after Hurricane
Katrina. It sought to recreate the conditions that existed in the study area at the time of
Hurricane Katrina. After the Base Model was coded and verified, its output was validated. The
validation process was based on the distribution of outbound evacuation traffic volumes
throughout the metropolitan New Orleans region. The “ground-truth” volume distribution
patterns that served as the basis of comparison came from data recorded during the Katrina
evacuation by the LA DOTD.
In the second phase, the Base Model was used to evaluate the city assisted plan by coding the
proposed bus routes and assisted evacuee movements currently anticipated in Orleans and
Jefferson Parishes. These future evaluation efforts will focus on frequently posed questions of
interest to emergency management officials, including:
How long will a total evacuation take?
What will travel times be for evacuees who depart at different times during the evacuation
process, heading to different destinations, and using different routes or modes?
When should contraflow be started and ended and where should it be used?
What happens if a route(s) is blocked by an incident, flood, train crossing or drawbridge
opening?
Should evacuees be given specific guidance or required to use specific routes to their
destinations?
What changes should be made to the plan if the storm size, strength, speed, and/or approach
direction changes?
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Perhaps more significantly, the results of the model runs will be used to answer questions of
what can be done to make these issues less of a problem in future events. This may include
changes to the plans themselves, the need for additional resources, modifications to the timing
and manner in which evacuations are ordered, etc.
Network Construction
The New Orleans network was modeled using an iterative process of model building, errorchecking, and network modification. In the initial development step, a Metropolitan Planning
Organization (MPO) level TransCAD network of the New Orleans region and GIS data of
additional highways and interstates around New Orleans were imported into TRANSIMS.
Network construction also required the assignment of detailed attribute data to all the links in the
network including numbers of lanes, function classifications, and operating speeds as well. For
example, in addition to the basic layout of the road network, it was also necessary to represent
the junctions between roads accurately. This included not only correct intersection and
interchange ramp configurations, but the number of lanes on these ramps and approaches, the
method and timing of control at the intersections, and the numbers, locations, and lengths of
auxiliary turning lanes where they existed.
It was found that during the process of importing network from TransCAD or ArcGIS, that
several geometrical features, definitions of links (whether a streetcar line or a roadway) and units
were not transferred correctly. Thus, the network construction process required a verification
component to assure an adequate level of validity in the traffic conditions. In the event of an
error in the imported network, it was found to be easier to correct the issues in ArcGIS and then
import it back into TRANSIMS.
Another key aspect of network construction was the development of the contraflow freeway
segments. The inclusion of these segments required special coding modifications to the network
to permit the vehicle agents to move in an outbound direction in the contraflow lanes and to load
and unload these lanes in a representative manner at the various initiation and termination points.
This was done by re-coding links as bidirectional links, and coding the corresponding entrance
and exit ramps for these contraflow segments.
It was found that making changes to the network in TRANSIMS was cumbersome due to the use
of the text files. But it was found that conducting changes and corrections in the TransCAD and
ArcGIS network first and then importing them back to TRANSIMS made this task easier.
TRANSIMS was found to be capable to be utilized for modeling the geometric and temporal
features of the contraflow with fair accuracy.
Synthetic Population
The Population Synthesizer module within TRANSIMS was designed to use the US Census data
to build synthetic households for the study area and use land-use data to locate the households
relative to the transportation network. This project demonstrated that it was possible to collect
regional digital data and integrate this data from different regions. GIS was again found to be a
useful tool in the development of the TRANSIMS model. The Land Based Classification
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Standards (LBCS) surveys were used to locate the households, but this method is expensive due
to the labor involved in field surveying and data entry.
The output of the population synthesizer estimated a total of 392,535 households, 996,952
persons and 890,316 vehicles within the study area. Though the synthesizer module was able to
predict the number of households and persons fairly accurately, the module seemed to over
predict the number of vehicles. The exact cause for this discrepancy could not be ascertained and
further investigations to determine the error source will be required.
Due to the ability to integrate different regional data, it was feasible to update the land use
component for the entire TRANSIMS model between New Orleans and Baton Rouge. This
helped to better assess the impact of daily traffic on evacuating traffic. The Katrina evacuation
occurred over a weekend when the typical daily weekday travel activities did not occur. The
synthetic data could be more robust by incorporating more detailed data that is now available for
the City of New Orleans.
Modeling Departure Time and Destination Choice
Evacuation departure times and locations were assigned across the study area using a Monte
Carlo-based sampling processes based on weighted probabilities that reflected the time pattern
observed LA DOTD traffic count data. A simplifying assumption was made regarding the
evacuation trips and departure time in which the departure time distribution was not associated to
evacuee‟s demographics, location or their decision of destination. The departure time was
assigned based on an aggregated departure time behavior of all the evacuees. A similar
assumption was made with regard to the selection of destinations. Though these assumptions
were simplifying, future models can incorporate a more micro-level decision making regarding
departure time and destinations, by incorporating effects of location, demographics, and
neighborhood behavior (how many people have left so far).
Calibration and Validation
The results of this effort suggest that the TRANSIMS simulation software was able to reasonably
predict the volumes based on the general direction of evacuation. The simulation predicted the
total westbound traffic within an error of 1.58 percent, eastbound traffic within an error of nine
percent, northbound within an error of three percent, and southbound within an error of five
percent.
The total volume evacuating toward the west from New Orleans was developed based on
observed LA DOTD field volumes on westbound I-10, US-61 and US-190. Generally,
TRANSIMS was found to systematically overestimate demand at low volumes. A possible
explanation for this could be that the assumptions made regarding application of free flow speeds
on the Interstate freeways. These were all set to be equal to the posted speed limit. To elaborate
on this hypothesis, an example of two competing routes in which one was a freeway and the
other was a state highway can be used. If, in this case, the free flow speed was higher state
highway than the speed limit on the interstate and the free flow speed and the speed limit were
assumed to be equal on both roads, then the travel time would be overestimated and a lesser
fraction of vehicles would be assigned to the Interstate.
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After an extensive search of methodologies to compare simulated traffic volumes with observed
volumes for a regional scale network with simulation period of two days, it was found that
conducting a regression between the simulated and observed volumes was the best method to
validate the network. Based on the R-squared analyses and values computed for the regression
correlation between the observed and simulated cumulative volumes, it was concluded that
TRANSIMS was a valid model that was able to represent the New Orleans evacuation during
hurricane Katrina. The development of spatio-temporal graphs of the various segments also
qualitatively supported this finding. These graphs were also helpful to provide a visual
understanding of benefits and shortfalls of the contraflow operations at various locations. In
these graphs several bottleneck locations could also be identified.
Although not completely undertaken in this project, the TRANSIMS simulation model also
provided an opportunity to evaluate the various operational strategies. As such the effects of the
location, start time, and duration of contraflow operations could be assessed at a regional level.
Several bottleneck locations were also able to be quickly identified which could not have been
done otherwise. Using a speed-based fuel consumption model and the spatio-temporal speed
profiles Overall TRANSIMS appears to be a robust simulation package that is able to predict
spatial and temporal traffic patterns with reasonable levels of accuracy. The application of
spatio-temporal speed and volume maps using the output produced by the systems provide
important insights into bottlenecks and shockwave propagation.
Simulation of Transit Evacuation
The transit evacuation plan that was modeled in TRANSIMS was based on the 2007 New
Orleans City Assisted Evacuation Plan and the surrounding parishes. The number and
percentage of residents and tourists that would utilize this assisted evacuation were unknown,
and the model was useful in determining these numbers. However, assumptions were made
based on the actual number of persons residing in households without a car.
The transit process that was coded was able to evacuate only 32 percent of the residents, due to
problems with walking distances. It was found that residents would start walking toward their
final destination, instead of searching for the nearest bus stop. This reduced the ridership on
transit, and ability of transit to evacuate all the transit dependent evacuees. Further investigation
is being carried out to ascertain the cause of this problem and eliminate them. To solve this
problem, it was recommended to eliminate the activity for the evacuees to walk to their bus
station, and instead place them at the bus station directly.
A total of 39 round trips for the tourist evacuation, 121 one-way trips from New Orleans to the
north, 114 one-way trips to Baton Rouge, and 88 one-way trips to Alexandria were predicted to
evacuate the entire population. These estimates were found to be reasonable, and in the future
will be compared to the observed transit ridership during Hurricane Gustav in 2008.
For future studies it is recommended that the model be calibrated and results from TRANSIMS
be compared to the records from Gustav. This transit network shall also be overlaid over the
existing car network, and the overall operations will be evaluated. Moreover, the TRANSIMS
model should be used for sensitivity testing as well as examining how changes in transit service
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and route selection improve not only the flow of car-less and special needs evacuees but also
those evacuating in cars.
Strengths
This project demonstrated the application of TRANSIMS to modeling evacuation. TRANSIMS
was found to predict the spatio-temporal distribution of traffic during the Katrina evacuation
with reasonable accuracy. The ability to model multi-modal traffic provides a robustness to
model all the aspects of evacuation pedestrian, transit and car. The modeling experience also
showed TRANSIMS capability to model regional scale evacuation at high level of fidelity. The
regional model provided an ability to observe regional impacts of bottlenecks on evacuation.
Another benefit was the spatio-temporal color coded map of speed and volume along the various
routes provided that could be developed to identify localized bottlenecks on routes, temporal
evolution of traffic flow and evaluate contraflow operations. ArcGIS was also found to be a
useful tool during the network construction process, and the development of the synthetic
population.
Recommendations
Analysis of vehicular traffic on parallel competing routes indicated that routing algorithm was
overly sensitive and tended to overreact to small fluctuations. This was noticed by observing the
temporal distribution of volumes on parallel routes US-61 and I-10. It was also found that
TRANSIMS does not take speed limit as an input, but instead uses the maximum allowed speed
as an input. This caused TRANSIMS to underestimate free flow speeds. During the network
construction and error checking it is critical to pay attention to this aspect.
There is also a need to further investigate the walk distance problem encountered during the
transit simulation. It seemed that evacuees wanting to take transit, start walking towards their
destinations, instead of walking towards the nearest bus stop. The logic for the pedestrians needs
to be further examined. To simulate the synthetic population, it was found that the ability to
migrate from SLUCM data to LBCS system would be useful for future TRANSIMS projects,
since using the original LBCS data would be expensive. This methodology needs to promoted
and further researched.
It was found that TRANSIMS route assignment assumed a 24 hour cycle as a day and the traffic
assignment did not distinguish between the assignments of traffic for a given hour between two
consecutive days. The way the router was programmed, was to model daily weekday traffic, for
this reason, the traffic assignment for a particular hour on day two affected the traffic assignment
for the same hour in day one and vice versa. This is not true during evacuation, and this aspect
should be rectified in the future.
The evacuation during hurricane Katrina occurred during weekends, and was not affected by a
lot of weekday daily activities being overlaid over the evacuating traffic. It is advised that the
network should also be calibrated for weekday daily traffic and the evacuating traffic be overlaid
over this to realistically simulate background traffic.
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Chapter 1. Introduction

Following the obvious failings to effectively evacuate the low-mobility populations from New
Orleans for Hurricane Katrina, state and local officials in Louisiana as well as their federal
counterparts, developed a revised evacuation plan for the region that includes a much greater
usage of public transit resources. The 2006 post-Katrina New Orleans City Assisted Evacuation
Plan relies on busses, trains, and even airplanes to ferry out elderly, infirm, tourists, and
economically disadvantaged residents of the city using a complex relay system that spans
between various modes and locations. Although officials are confident that the new plan will
eliminate much of the delays and suffering experienced by these low-mobility individuals, at the
time of this research and development project the plan was not yet complete and had never been
tested or evaluated to any degree. The city assisted evacuation plan for New Orleans is one of
the cornerstones of the city‟s emergency preparedness position to assist the elderly, sick, and
poor. However, it had never been used, practiced, or even simulated and no one knew how well
or even if it will actually work.
This report describes a project to apply the Transportation Analysis and Simulation System
(TRANSIMS) for emergency transportation planning and analysis. In this effort, the
TRANSIMS platform was used to develop a transportation model to simulate the travel
processes associated with an evacuation of the New Orleans Louisiana metropolitan region.
Given the temporal and spatial scales of mass evacuations, it was theorized that the scalability
and level of detail afforded by the TRANSIMS program would make it an ideal system to model,
test, and evaluate evacuation and other emergency transportation plans. In fact, given the
capabilities of the program, it is quite surprising that it has not been used more extensively in the
past for city-level emergency transportation plan development and evaluation purposes.
The following sections of this chapter discuss the motivation and need for the project as well as
the study goals and methodology. Later chapters of this report highlight and summarize the
assumptions and processes used to develop and apply the system as well as detail the results
gained from them.
Problems of Evacuation Transportation Analysis and Motivation for this Study
The large, obvious, and continuing transportation system failures observed in the recent
evacuations associated with Hurricane Floyd in Florida, Georgia, and South Carolina in 1999;
Hurricane Ivan in Louisiana and Mississippi in 2004; and Hurricane Rita in Houston in 2005
have led to significant efforts on the part of the United States Department of Transportation
(USDOT) to assist hurricane-threatened states better manage and prepare for future mass
evacuations. One area where transportation preparedness efforts have lagged behind, however,
is in the area of detailed multimodal emergency transportation modeling and simulation.
The current state-of-practice for the planning and management of evacuations has been largely
based on lessons learned in prior events and the failures identified in prior evacuations. While
there is a large and detailed body of knowledge in the areas of evacuation behavioral patterns,
decision-making, and travel patterns (origins and destinations), there has been a virtual absence
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of research, analysis, and modeling in emergency traffic operations in general and in multimodal
emergency transportation in specific. Over the past 10 years, simulation efforts have been
undertaken in several states to analyze and mitigate the traffic impacts associated with mass
evacuation. However, all of this work has been limited to the vehicle-based highway mode, most
notably in the area of freeway contraflow. Recent studies in the Carolinas (1,2), Texas (3) and
Louisiana (4) have all been used to evaluate and enhance the freeway contraflow evacuation
plans in those states.
The first Louisiana efforts to manage evacuation traffic was undertaken as a direct result the very
public failings of the 2004 Ivan evacuation. Although severely limited by the capabilities of
existing models, the simulation study had an enormous impact on the enhancements incorporated
for the 2005 hurricane season less than a year later. The overwhelming successes of the
highway-based evacuation for Hurricane Katrina can be traced directly to the 2004 modeling
effort. In fact, a recent study (5) led by the PI showed that the Katrina evacuation plan not only
eliminated the most significant traffic problems experiences in the Ivan evacuation, it also cut the
estimated time required to evacuate the city nearly in half, from 72 to 38 hours; rarely have the
benefits of traffic simulation modeling been so clearly and obviously been illustrated.
Despite these successes there nevertheless have remained enormous and glaring shortcomings in
the ability to model evacuations, most notably in terms of the size and duration of the
simulations and the lack of an ability to model pedestrians, transit, or any other beyond the basic
vehicular-based highway mode. The New Orleans City Assisted Evacuation Plan calls for a
vastly, increased integration of transit resources that will be fed by pedestrian muster points at
various locations around the city. At this time there is no single system capable of modeling
such a scenario. This is unfortunate because many other cities are also developing similar
integrated multimodal pedestrian-transit emergency plans and a substantial portion of the
evacuations from Washington DC and New York after the September 2001 terrorist attacks were
pedestrian-oriented.
A small-scale project to show the potential of TRANSIMS for the purpose of evacuation analysis
in the Los Alamos, New Mexico area (6) and a large scale project to show the spreading of
biological contaminants in the Portland, Oregon region have suggested the enormous potential of
TRANSIMS for mass evacuation transportation analysis. In this project, the goal was to apply
TRANSIMS to demonstrate its applicability, flexibility, and power for the simulation of microlevel, multimodal, regional evacuations. The project focused on New Orleans (and its updated
plan) as a test bed to construct and populate such a network for evacuation planning and
assessment. In addition to showing the capabilities of the program for evacuation analyses, this
project also sought to transfer the knowledge and capabilities gained from the TRANSIMS
model development to the Louisiana Department of Transportation and Development (LA
DOTD) and the New Orleans Metropolitan Planning Organization (MPO) for use in other
routine planning applications. In the future it is expected that the knowledge and outcomes from
this project will also be transferred for the assessment of a variety of hazard responses, locations,
and transportation networks throughout the country as well as for other routine and major event
transportation scenarios (including Super Bowls, Mardi Gras, Jazz Fest, etc.); and for general
day-to-day planning functions.
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Difficulties of Evacuation Transportation Simulation
The problems of evacuation traffic simulation, although diverse and numerous, can be summed
up by the ease-of-use/level-of-detail conflict relationship inherent to all simulation systems.
Fundamentally, a system must be abstracted to some level to limit the data input, computational
time, and coding, etc. requirements of the system. Various elements of the system must be
simplified or ignored to permit an acceptable level of effort for the user. However, the greater
the abstraction of detail and ease-of-use, the lower the level of detail that can be gained from the
output. This problem is particularly acute in the simulation of evacuation transportation
networks.
Evacuations are among the most significant of all transportation scenarios, both in terms of their
size and scale as well as their importance to life and safety. In prior efforts to model
evacuations, most efforts have been focused on the highway-mode, more specifically, on the
movement of auto-based on freeways and major arterial roadways. Prior examples can be
illustrated by the projects undertaken by the LA DOTD and Louisiana State Police (LSP) as part
of the Louisiana Evacuation Task Force (4), the South Carolina Department of Transportation‟s
(DOT) evaluation of I-26 in the Charleston region (1), the Texas Transportation Institute‟s (TTI)
study of I-39 out of Corpus Christi (3), the North Carolina DOT‟s study of I-40 out of
Wilmington (2), and the current evacuation transportation analysis for the Houston region.
In each of these projects, modeling efforts were focused on the assessment of contraflow
configurations using micro-scale simulation. In each of them, analyses also limited to scopes far
less than that of a realistic evacuation. For example, time durations were limited to less than 12
hours, much below the more typical evacuation duration of 48 hours; and total evacuating
vehicles of less than 200,000, far below the half million in the Katrina evacuation in Louisiana
and only a tenth of the estimated two million vehicles during the Rita evacuation of Houston. In
fact, no existing micro-scale transportation simulation model can model the scope of a mass
evacuation, neither in terms of the number of people/vehicles nor in the duration of the event.
Several other traffic modeling traffic systems have also been developed specifically for
evacuation modeling and analysis. The best known of these include: NETVAC (NETwork
emergency eVACuation), MASSVAC (MASS eVACuation), and OREMS (Oak Ridge
Evacuation Modeling System). Each of these systems incorporates varying levels of
functionality at the macroscopic level and require considerable input information. However,
none of them are capable of multimodal analysis. Following the problems identified in crossstate regional evacuation precipitated by Hurricane Floyd in 1999, the Federal Highway
Administration (FHWA) supported the development of the Evacuation Traffic Information
System (ETIS) (9). Unfortunately, the ETIS system is not a simulation system per sé, rather it is
a web-enabled GIS-based platform that combined gross estimates of evacuation demand with
aggregated roadway capacity to approximate clearance time and forecast the anticipated level of
cross-state traffic under various storm threat-response scenarios. The accuracy of the results
from the use of this system in any recent evacuation has yet to be scientifically evaluated or peerreviewed.
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Limited Use of TRANSIMS
It is recognized that TRANSIMS is underutilized in the practicing transportation planning and
engineering community. While the reasons for this are varied, however, one of the most likely
limiting factors is its high level of complexity. Because TRANSIMS requires a multiprocessor
computational environment, it cannot currently be operated on a conventional desktop
computer*. This is often a significant obstacle since most transportation agencies do not have
the resources to purchase such a system nor employ the expertise required to operate and
maintain it. Many state DOTs and MPOs are also hesitant to use the TRANSIMS platform
because of the data input requirements. An encouraging sign for the former problem is that
computing power is increasing and efforts to increase the computational efficiency of
TRANSIMS continue. Another also positive fact for the future of TRANSIMS is that many state
DOTs are collecting and maintaining much of the input information required to code a
TRANSIMS model in a digital format.
Another point of note relative to the limited use of TRANSIMS is the length of time required to
execute a run. In some cases, particularly those with less robust computational platforms,
models can take about as long to run as the length of the actual event simulation. While this may
impact operational-level uses of the system, this project will demonstrate that “scenario runs”
can be executed and “shelved” for operational use or detail and be eliminated to permit them to
be run in shorter time durations. An additional issue associated with TRANSIMS within the
practitioner community is that there has been limited past work to demonstrate the validity of the
system output. To date, there have been only a few (10) published studies or applications to
scientifically validate the results from a TRANSIMS network model using actual field data. In
this project, actual state-wide traffic volume data collected during the evacuation for Hurricane
Katrina in Louisiana and Mississippi was used to validate the system output from a base-line
condition from which modifications were be made for further study.
Study Goals and Objectives
The overall goal of the project was to apply the TRANSIMS transportation analysis system to
model and analyze the emergency transportation plan for the New Orleans metropolitan region.
Through this work, the effort also sought to achieve the following objectives:
demonstrate the power and utility of the system for emergency transportation analysis,
illustrate how and where certain aspects of the system are best suited for particular
analyses, and
assist state and local-level transportation agency personnel to become acquainted with the
system and realize it greater potential for the modeling and analyses of both emergency
and routine transportation system analysis.
Methodology
The project was undertaken within a two-phase model development process. The first was the
development of a baseline condition model and the second was the modification of this “Base
Model” to reflect the multimodal regional evacuation plan that was developed after Hurricane
*It should be recognized that the DOT has recently released TRANSIMS 4.0, a “scaled-down version” of
TRANSIMS that runs on Windows. However, it is unclear to me how the TRANSIMS 4.0 algorithms relate to the
original TRANSIMS algorithms, or how large a system TRANSIMS 4.0 is able to simulate.
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Katrina. The need to create the Base Model was important for several reasons. First, it sought to
recreate the conditions that existed in the study area at the time of Hurricane Katrina. Since
Hurricane Katrina, the population and land use characteristics have changed over vast areas of
the city. Many people no longer live and/or work where they used to. Since the Base Model
relied to a great degree on pre-2005 population and land use information and travel patterns, the
model condition could be validated and calibrated to the observed travel patterns that occurred at
that time. The following sections summarize the key steps of model development, verification,
and validation methodology.
Base Model Development
In the project a Base Model was constructed using existing network and behavioral data. It was
then validated using the regional traffic volume data collected during the Katrina evacuation.
Using this Base Model as a starting point, the model was modified to reflect changes by local
and state officials implemented since the Katrina disaster to utilize a multimodal approach to
more effectively evacuate the region‟s low mobility populations.
In addition to simulating the existing plan, the results gained from the TRANSIMS model is
anticipated to be used by emergency management and transportation officials in Louisiana to
evaluate potential modifications and alternatives to the plan; most effectively allocate
transportation and manpower resources; and even provide operational support during an event.
The model is also anticipated to be used to evaluate the impacts and benefits of critical
transportation system changes that are currently underway as part of the regions recovery from
last year‟s storms and for generally evaluating non-emergency regional planning functions.
Although the network also included some areas of several coastal parishes to the east and south
of the city, the project focused on the simulation of the New Orleans metropolitan area. The
Base Model was based on the events of the Katrina evacuation of August 2005 so that its output
results could be validated against actual field data collected during the Katrina evacuation.
In addition to the area road network, the Base Model also incorporated the population
distribution databases collected and maintained by researchers at the University of New Orleans
(UNO), evacuation decision structures, and routing option hierarchy in place during Hurricane
Katrina. It also included critical temporal and spatial aspects such as the utilization of
contraflow operation on several freeway routes and the timed closure of several other freeway
routes as implemented by the LA DOTD and LSP.
The Base Model road network was constructed based on TransCAD network files that were
made available by the LA DOTD. Initial tests included the development of adjustments and
modifications to non-emergency default TRANSIMS travel behavior and decision-making
assumptions. These assumptions were used to simplify the modeling process since the
complexities typically associated with employment patterns, trip chaining, and recreational travel
patterns were not necessary under an emergency egress scenario in which there is a singular goal.
Similarly, some features of the road network were simplified or “tuned” to model the primary
essence of the evacuation. For example, the resolution of the road network was finer within the
city then became coarser as evacuation routes move further inland and away from the city.
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Additional fine resolution was also warranted in neighborhood areas where contain transit
embarkation points were located.
Base Model Validation and Review
After the Base Model was coded and verified, its output was validated. The validation process
was based on the distribution of outbound evacuation traffic volumes throughout the
metropolitan New Orleans region. The “ground-truth” volume distribution patterns that served
as the basis of comparison came from data recorded during the Katrina evacuation by the LA
DOTD. These volume patterns have been analyzed in rigorous detail in several prior studies
(5,11) and served to demonstrate the degree to which the TRANSIMS model output replicates
the actual travel patterns observed during a real emergency.
Validation was accomplished using an iterative process by adjusting various model parameters
and traffic assignment patterns match the Katrina distribution patterns. The model and its many
assumptions were assumed to be “validated” once the observed-to-predicted volume
discrepancies were within about 10 percent. Prior to concluding the validation process, the base
model was also presented to representatives of the LA DOTD for their feedback as related to the
2005 Katrina evacuation.
Ultimately, the Base Model will also be used to evaluate the city assisted plan by coding the
proposed bus routes and assisted evacuee movements currently anticipated in Orleans and
Jefferson Parishes. These future evaluation efforts will focus on frequently posed questions of
interest to emergency management officials, including:
How long will a total evacuation take?
What will travel times be for evacuees who depart at different times during the evacuation
process, heading to different destinations, and using different routes or modes?
When should contraflow be started and ended and where should it be used?
What happens if a route(s) is blocked by an incident, flood, train crossing or drawbridge
opening?
Should evacuees be given specific guidance or required to use specific routes to their
destinations?
What changes should be made to the plan if the storm size, strength, speed, and/or approach
direction changes?
Perhaps more significantly, the results of the model runs will be used to answer questions of
what can be done to make these issues less of a problem in future events. This may include
changes to the plans themselves, the need for additional resources, modifications to the timing
and manner in which evacuations are ordered, etc.
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Chapter 2. Network Construction

To construct the New Orleans network an iterative process of model building, error-checking,
and network modification was used. Information from a number of sources was required for
these functions. One of the most important elements was a representation of the regional road
network. Once converted into a format usable by TRANSIMS, it had to adequately represent
roadway conditions that would yield reasonable results in terms of vehicle queuing and operating
characteristics. Thus, the network construction process also required a verification component to
assure an adequate level of validity in the traffic conditions. For example, in addition to the
basic layout of the road network, it was also necessary to represent the junctions between roads
accurately. This included not only correct intersection and interchange ramp configurations, but
the number of lanes on these ramps and approaches, the method and timing of control at the
intersections, and the numbers, locations, and lengths of auxiliary turning lanes where they
existed. Network construction also required the assignment of detailed attribute data to all the
links in the network including numbers of lanes, function classifications, and operating speeds as
well. Another important aspect of the coding process was the representation of the contraflow
lanes as well as the configurations for the contraflow initiation and termination points.
This chapter details the development process used for the creation of the New Orleans network,
including the sources of data, methods, and assumptions as well as the verification and validation
process to assure the necessary level of accuracy. The following sections summarize these areas
as well as the related processes used for the coding of the geometric and operational features of
the contraflow aspects of the evacuation and include several specific examples to illustrate these
processes.
Data Sources
The information required to construct the network model came from numerous sources both
electronic and published. The two most critical data components were the southeast Louisiana
transportation network and the statewide traffic volume data recorded during the evacuation for
Hurricane Katrina in 2005.
The base network was obtained from the Louisiana Transportation Research Center (LTRC) in
TransCAD format as a Caliper Standard Geographic Database. The LTRC TransCAD files
contained shape information and key link and node characteristics at the Metropolitan Planning
Organization (MPO) level. The link characteristics contained in the TransCAD files included:
Segment Length (miles)
Directional Operation (one-way/two-way)
Posted Speed Limit (miles per hour (mph))
Number of Lanes
Roadway Functional Classification (0-9)
The coordinate system of the LTRC TransCAD file was geographically referenced by latitude
and longitude. A Traffic Analysis Zone (TAZ) polygon geographic database was also included in
the network data provided by LTRC data. While this TAZ file was initially used for the
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development of the roadway network, it was later replaced by a more comprehensive zone map
that was included in the Louisiana State Geographical Information System (GIS) Digital Map. A
more detailed description of this data set is included later in this report.
Network Development and Verification Programs and Files
Among the multitude of programs within the TRANSIMS system several were found to be quite
useful in developing and modifying the network model to reflect the actual field conditions. The
most useful of these, along with a brief description of the manner in which they were used are
described below. Additional details and specific examples of their application are also included
in the later sections of this chapter.
GISNet – was used to converts GIS shape files to basic TRANSIMS network input files,
including Link, Node, and Shape.
TransimsNet - was used to verify and improve the TRANSIMS files created in GISNet - and
also create additional TRANSIMS network files for key components like Activity Locations,
Parking Locations, Process Links, Pocket Lanes, Lane Connectivity, and Signal Warrants.
IntControl - was used to reads the Signal Warrants generated by TransimsNet and create full
Signalized and Unsignalized Node tables, along with Timing and Phasing plans for these
intersections.
Progression - was used to coordinates traffic signal control strategies as generated by
IntControl. This was particularly useful with the signalization problems that were
encountered along boulevards and divided highways.
TransitNet - was used to reads input data associated with transit routes, such as bus
headways, route nodes, etc. This routine also and produced a complete set of TRANSIMS
transit files. These will be described in greater detail in Chapter 6 in the discussion of the
transit evacuation components of the project.
ConvertTrips - was used to create a Trip file based upon trip distributions specified in the
Trip Tables that included travel origins, destinations, and volumes as well as the Trip Time
Tables which were used to specify the temporal distribution of trips from a certain Trip table
across different time periods. Initial testing of the network in this project utilized
randomized trip tables that created trips with randomized origins and destinations. This was
helpful to identify the most obvious simulation problems.
Router - was used to create a Plan file for trips based upon a shortest path algorithm.
PlanPrep - was used to organize the Plan files for efficient implementation of the
Microsimulator. Plan files were typically sorted by start time. If they were not, the
Microsimulator was found to encounter errors that would result in an inability to run the
program.
Microsimulator - was used to execute the plans generated by the Router. One of the useful
functions of the Microsimulator was its ability to create a Snapshot file of vehicle locations
for each second of the simulation. These were used to create visualizations. During the
verification and error correction process, the Snapshot files were also be generated for
different sized intervals, including hourly or half-hourly as opposed to every second. The
results from the Microsimulator, in the form of 1-second Snapshot files, were imported into
the fourDscape visualizer and viewed to identify any possible issues with the network.
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Network Construction and Editing Process
Initial editing of the network was performed using the TransCAD software system. The editorial
process included the joining of link segments and nodes as well as adding any missing links or
nodes to represent field conditions. These various errors and omissions in the data set were
identified and corrected using various sources, most notably online aerial photographic databases
such as Google Earth and Map Quest. Direct knowledge and familiarity of the local road
network was also quite helpful during the process to identify and correct many of the less visibly
obvious errors in the geometric configurations.
During the construction and editing of the New Orleans street network multiple issues some
specific to New Orleans, were also encountered while using the baseline TransCAD network. A
good example of one of the most significant of these was the New Orleans streetcar lines. After
considerable trial and error it was learned that many links coded as roadway segments in the
TransCAD network were actually included to represent streetcar lines. The existence of these
links resulted in run-time errors in TransimsNet program within TRANSIMS. It is assumed that
the most likely cause of these errors was that these links did not have necessary data attributes
associated with them, such as the number of lanes or speed. To correct this issues the streetcar
links were deleted from the network before processing. It was assumed that if it was critical to
model streetcar lines for the evacuation purposes expressed in this study, they could be
reintroduced at a later time.
Other issues that were encountered during the network construction process were associated with
the spatial referencing process. One such example was in unit conversion. TransimsNet (version
4.0.3) converted network files from miles to meters. Such conversions of network files were
accomplished automatically by the system except for the Pocket Lanes file. To address this
issue, the TransimsNet program was required to be executed twice. The output from the first run
for Link, Node, and Shape files were in meters. This output was then used as input for the
second execution. The second execution produced all output in meters. The specific reason of
why it changed after the second run was never fully realized. It was assumed that since the
programs had recognized that the input files were already in meters, the executable file did not
need to perform any unit conversions during the second run.
Several project-specific issues were also identified during the network development process.
While these did not require significant amounts of time for investigation and correction, they did
slow the construction process and have been identified and discussed to assist in future similar
modeling efforts. One example of these was that to utilize the files for the GISNet program, an
additional column for the Nodes for each link had to be added. Another was that the network
was exported from TransCAD into a shape file in UTM 15N coordinates. The network was then
converted using the TRANSIMS executable files GISNet and TransimsNet. The files were
executed as described in the associated TRAMSIMS documentation. The control files that were
developed for these programs to address these issues are included below in Figure 1 and Figure
2.
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Figure 1. GISNet control file code to convert coordinate referencing

Figure 2. TransimsNet control file code to convert coordinate referencing
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During the development process the implementation of GISNet included a script file to assist in
the conversion of several critical data units formats, including the conversion speeds from mph
to meters per second (mps) and roadway functional classifications from a number format to a
text format required by the TRANSIMS program. The script was also used to maintain the
directional data. The coding of this script file is included in
Figure 3.

Figure 3. GISNet script file for converting speed, classification and directional information
The output from these GISNet and TransimsNet programs were required as input in the
TRANSIMS network files. During the development process it was found that the execution of
GISNet more than a single time would cause problems because the program failed to delete the
definition file it created for the TransCAD dbf file. To make it operate properly the definition
file, called Input_Link.dbf.txt, was required to be deleted before each execution.
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Network Layout
To supplement the New Orleans region TransCAD files that were acquired from the LA DOTD,
additional GIS data was also used to include Interstate freeway and US Highway segments.
These permitted the road network to be extended northwest to Baton Rouge and north to include
the I-12 corridor along the north shore of Lake Pontchartrain. These additional areas of roadway
were important to the operation of the model because they made it possible to include several of
the key contraflow traffic initiation and termination points near the evacuation zone. In the
future theses additional sections will also make it possible for TRANSIMS to route evacuating
vehicles to and from the I-10 and I-12 evacuation routes. The full project road network,
including the added portions can be seen in
Figure 4. In the figure the roadways included in the LA DOTD TransCAD files are shown in
black and the additional roadways are shown in red.

Figure 4. Project road network
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Network Verification and Repair
Although the files provided by the LA DOTD served as the basis for creating the project road
network and the creation of key data attributes required by the TRANSIMS program, additional
processing was required to assure a proper correspondence between the two file formats. Much
of this further network editing was performed in ArcGIS. The following paragraphs describe the
primary verification activities and the processes utilized to ensure a correspondence between the
various files, formats, and systems
Network Geometry
One of the primary areas of verification was the need to correlate the TRANSIMS road network
model to the actual road network in New Orleans. This was accomplished by converting
TRANSIMS network files to ArcView shape files and back using the TRANSIMS executable
files ArcNet and FileFormat as described in the “How To” user documentation. As was typical
with many aspects of the project, efforts started with the primary roadways and worked down to
lower functional classification. Thus, the first step in the process involved a review of all
sections of I-10 for the correct number of lanes, entrance/exit ramp and terminal geometries,
merge/diverge pockets, and lane connectivity. Efforts were also taken to do similar verification
of Airline Highway (US 61) for the same attribute characteristics. Another key component of the
verification was a check of the traffic signal timings and permissible turning maneuvers at
intersections.
As work progressed and the TRANSIMS Router and Microsimulator modules were executed
other inaccuracy were also revealed other portions of the network. For example, some links on
the outer fridges of the network became dead-ends. It was found that TransimsNet was
automatically providing U-turns at the end of these links, particularly if they were two-way.
However, some of these links were used to represent divided highways were divided into two
separate one-way links. To address this problem additional u-turn links were created between
the one-way links. Another problem that was identified this way was the formation of significant
vehicle queues on the East Bank of Jefferson Parish at the end of the Huey P. Long Bridge over
the Mississippi River at the intersection of Clearview Parkway and Jefferson Highway. In
reality, this area is served by an interchange. In the LA DOTD TransCAD network, however, it
was represented as a simple four-leg at-grade intersection.
To address problems such as these, the network was redrawn based on aerial imagery from
online databases like Google Earth and Microsoft‟s Live Search Maps. The photo image
identification and correction process used for the repair of the Huey Long Bridge terminus is
illustrated in Figure 5 and Figure 6. The TRANSIMS geometric and control interpretation of the
Jefferson Highway/Clearview Parkway intersection is shown in Figure 5. Here, it was apparent
that the intersection was assumed to be at-grade and signal controlled. Using ArcGIS, it was
correctly reconfigured to function like the actual interchange like that shown in the image of
Figure 6.
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Figure 5. TRANSIMS geometric and control interpretation of the
Jefferson Highway/Clearview Parkway intersection

Figure 6. Actual Jefferson Highway/Clearview Parkway intersection configuration
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Links and Nodes
During the development of the network model it was found that considerable care needed to be
exercised taken when re-modeling parts of the network. Since ArcNet and FileFormat rewrite
the network and shape files, they have the potential to delete network data if one is not careful.
Obviously, the time and expense required to replace the data could be considerable. Based on
these experiences the following process was developed and is suggested to future users.
In the project a backup network folder, named network2, was used for the placement of all
intermediate network files. The original network folder should remain intact in case there is any
data loss. The next step would be to delete existing lane connectivity data for any node which
will be deleted, as well as for lane connections which will no longer exist. Next, the
unsignalized nodes for nodes which will not need that classification any more can be deleted as
well as any Signalized Nodes for any nodes which will require any modifications to them.
The process next included a check of the activity locations and parking lots in the area to make
sure that there will be no link or node referencing issues. If these were not identified and
corrected before running the FileFormat program, errors will occur in ArcNet and changes
needed to be made directly to the TRANSIMS text file. Therefore, it was always better to catch
issues beforehand and correct them in ArcMap, where it was easier to tell geographic locations
of activity points and link and node referencing. It is also necessary to delete all erroneous or
unnecessary pocket lanes and edit link and node data according to the desired purpose.
Since nodes provided the framework on which all of the links are developed, it was advisable to
move or create any of them first. The key node attributes are its ID number as well as its
northing and easting coordinate location. Verification and correction of link errors were also
critical, particularly because they are important for the calculation of signal timing parameters in
the Progression program. It was found that, occasionally, a lack of through-link specifications
would result Progression error messages and/or errors within the TRANSIMS Microsimulator.
During the verification process for link segments it was necessary to create or correct any
problems related to pocket lanes, lane connectivity and create any new unsignalized nodes,
particularly at locations where stop control existed. After these modifications, it was necessary to
run the IntControl and Progression programs, particularly for any newly included or modified
signalized nodes. The key link attributes requiring verification included:
ID‟s,
name,
node A and B locations,
number of lanes,
number of pocket lanes,
length,
speed limit,
functional classification,
through movement links, and
vehicle usage.
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To illustrate the link and node verification and correction the Jefferson Highway/Clearview
Parkway intersection example continued in

Figure 7 and
Figure 8. In

Figure 7, the link and node characteristics were modified to represent the conditions of the actual
interchange, most notably in terms of the link geometries, lane connectivity, number of lanes,
and nodal control. Once again, these modifications were laid over the aerial photograph of this
area as shown in
Figure 8 for comparison.

Figure 7. Revised link-node geometry and control for the
Jefferson Highway/Clearview Parkway intersection
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Figure 8. Verification of the revised Jefferson Highway/Clearview Parkway intersection

Contraflow
Another of the key areas of network construction was the development of the contraflow freeway
segments. Beginning in 2000, plans were developed and modified to use segments of Interstate
10 around the New Orleans metropolitan area in a reverse flow or “contraflow” configuration.
Contraflow segments take advantage of the unbalanced flow conditions associate with
evacuations by reversing the direction of flow in the utilized inbound lanes for the movement of
traffic in the outbound direction. Although additional traffic control measures and set-up time
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are required to implement and manage this type of operation, the added capacity benefits have
been shown to outweigh these costs.
In New Orleans, two contraflow segments have been planned (and utilized during the evacuation
for Hurricane Katrina) for I-10 within the metro area and two more (one on I-55 and I-59) have
designated further outside of the region. The inclusion of these segments required special coding
modifications to the network to permit the vehicle agents to move in an outbound direction in the
contraflow lanes and to load and unload these lanes in a representative manner at the various
initiation and termination points.
In this project, the appropriate links on I-10, I-55, and I-59 included in the contraflow plan were
re-coded as bidirectional links and the corresponding entrance and exit ramps used to regulate
entry into these segments were also added.
To capture the temporal aspects of the start and end of contraflow operations, a lane use file was
created to prohibit flow in the inbound lanes during contraflow and to open the ramps to permit
flow in the outbound lanes. To reflect the actual operation of contraflow for the Katrina Test
Case the contraflow segments remained open for a period of 24 hours during the peak of the
evacuation. Another key temporal aspect of the contraflow was the time required for the
conversion from normal to contraflow operation. In the Katrina Base Model it was assume that
contraflow implementation would take about one hour, based on the actual experience. During
this time, the last of the inbound traffic was allowed to pass through the segments unopposed
while the necessary ramp closures and openings were erected.
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Chapter 3. Population Synthesis
Another of the underlying bases for the New Orleans evacuation simulation was the development
of a representative population reflective of the socio-demographic characteristics and spatial
distribution of the actual population of metropolitan New Orleans. This representative
population was required to describe the travel patterns and decision making of during an
evacuation, including when people would evacuate, where they would travel to, and what route
they would take to get there. Obviously, an accurate creation of such a population for a
metropolitan region in excess of 1 million people is in enormous undertaking. However, the
Population Synthesizer routines within TRANSIMS made it possible to create a simulated, or
synthetic, population for this purpose.
The Population Synthesizer module of TRANSIMS was designed to use US Census data to build
synthetic households for the study area and use land-use data to locate the households relative to
the transportation network. The output of the Population Synthesizer module was the synthetic
households with a set of information associated with each household and each individual living
in that household. It also provided the household location in the TRANSIMS network including
the information on vehicles belonging to each household.
The synthetic population in this project was created based nearly exclusively on 2000 Census
information using the 4.0 version of the PopSyn module of the TRANSIMS program. It was
used to identify relevant demographic characteristics needed to simulate the population
distribution and demographics of the New Orleans metropolitan region. It was also used to
evaluate the subsequent impact of this population on the multimodal evacuation of pre-Katrina
metro New Orleans. During the Katrina event, the entire Metropolitan New Orleans Area
population, including that in Orleans, Plaquemines, St. Tammany, St. Bernard, Jefferson, and St.
Charles Parishes, were under mandatory evacuation orders. This required movement of more
than 1.2 million people from the affected area almost exclusively by motor vehicle as there were
no organized alternative transportation protocols for evacuating car-less citizens or those of
diminished capacity.
This chapter summarizes the inputs, processes, and assumptions used for the development of the
synthetic population for the simulation of various evacuation scenarios of the New Orleans
metropolitan area. It should also be recognized that the synthetic population described in this
report does not necessarily represent the final project version. Rather, it is an initial trial
prototype to represent a baseline population. This baseline population is currently being used for
the checking and confirmation of general patterns of normal daily travel activities as well as for
the analyses of the travel patterns associated with a hurricane evacuation. It is expected that later
versions will be developed by the collaborative research partners at the University of New
Orleans (UNO). This synthetic population will be based on significantly more detailed land use
and population characteristic data sets which are currently available to them.
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Data Sources and Assumptions
In general, the PUMS Household and Population files were accessed and downloaded from the
United States (US) Census website ftp://ftp2.census.gov/census_2000/datasets/ PUMS.
However, additional files were also obtained from research colleagues at the Los Alamos
National Laboratory (LANL). The LANL PUMS files were received in a ready-to-use,
converted form for the entire United States, including the State of Louisiana. Each of these and
the manner in which they were used are discussed in more detail in the following sections.
The synthetic population module in TRANSIMS uses 6 types of data sources and tables. These
are 1) zone data file, 2) PUMS household file, 3) PUMS population file, 4) activity locations file,
5) process links file, and 6) vehicle type distribution file. The first three files were generated
from the 2000 US Census Data and are discussed in more detail in the following sections. The
activity locations file was generated from LBCS land use data for the Metropolitan New Orleans
region; while the final two files were generated during the preparation of the network layer.
Because the TRANSIMS v4 Synthetic Population Module only became available recently, the
Census data identification and collection for this project initially began as per the tutorials
available for TRANSIMS v3, which utilized 1990 U.S. Census data. However, AEOCOM
Consult, Inc. has more recently developed tutorials for creating synthetic population files and
setting them up for use in version 4 of the population synthesizer. These tutorials were used to
identify the process to create the geographic identifiers needed to link the Census data. Version
4 uses 2000 U.S. Census data.
The zone data file required for the population synthesizer was extracted from the 2000 U.S.
Census Summary File 3 (SF 3); and the PUMS household and population files were extracted
from the Public Use Microdata Sample five percent (PUMS) data. These files, in conjunction
with the other files, are used to develop a synthetic population as the basis to model an
evacuation based on the interaction of demographic and land use (Activity) characteristics along
the network. They were also used to model non-car evacuation movements.
LBCS Land Use Data
Activity location files were generated from land use data either surveyed by or adapted to the
American Planning Association‟s Land Based Classification Standards (LBCS). The LBCS land
use coding system can be the basis of an original land use survey or can be used to re-define an
existing survey using the LBCS coding. For this project, both types of uses are included.
The LBCS was developed by the American Planning Association (APA) in partnership with the
Federal Highway Administration (FHWA). The LBCS refined the previous land use
classification scheme also developed by APA and FHWA called the Standard Land Use Coding
Manual (SLUCM). Since many current mapping applications and land-based datasets depend on
SLUCM and its derivatives, including some transportation related models, the LBCS includes
tools and methods to migrate such data into the LBCS system. The ability to migrate existing
SLUCM data is important to future TRANSIMS projects around the country since original
LBCS surveys can be expensive due to the labor involved in field surveying and data entry for
large cities.
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The land use data for Unincorporated Jefferson Parish, Harahan, LA and Kenner, LA was
provided by the University of New Orleans (UNO). Data for Unincorporated Jefferson and
Kenner was obtained from an original LBCS land use survey completed for those areas; while
LBCS codes were translated from an existing land use survey for Harahan. LBCS data for
Orleans and St. Bernard Parishes were provided by the New Orleans Regional Planning
Commission (RPC). Finally, land use data was digitized from aerial photographs for the cities of
Westwego and Gretna.
The raw network data required for the Synthetic Population was provided by Louisiana State
University (LSU). For Activity location data the LBCS land use data was used to quantify land
use for the activity points.
To further explain the LBCS it is important to understand the LBCS structure in both coding and
mapping terms. For mapping and analysis, the main component of the LBCS is the
„development site‟. The development site is a geographic boundary consisting of a lot or group
of contiguous lots existing as a unified or coordinated development, or is intended to be
developed, operated, and maintained as a single entity. As an example, a single-family home on
one lot/parcel would be a single development site with the boundary of the lot/parcel as the
geography or polygon. A development site can also consist of multiple lots/parcels such as an
apartment complex, a school, or hospital. The unique ID assigned to that development site links
each of the LBCS dimensions to that development site. There are five dimensions across the
LBCS that describe in some way the structures and land use activities on that site. These are
listed below with a brief explanation of each.
Site Dimension
Site development character refers to the overall physical development character of the land. It
describes "what is on the land" in general physical terms. For most land uses, it is simply
expressed in terms of whether the site is developed or not. But not all sites without observable
development can be treated as undeveloped. Land uses, such as parks and open spaces, which
often have a complex mix of activities, functions, and structures on them, need categories
independent of other dimensions.
Activity Dimension
Activity refers to the actual use of land based on its observable characteristics. It describes what
actually takes place in physical or observable terms (e.g., farming, shopping, manufacturing,
vehicular movement, etc.). An office activity, for example, refers only to the physical activity on
the premises, which could apply equally to a law firm, a nonprofit institution, a court house, a
corporate office, or any other office use. Similarly, residential uses in single-family dwellings,
multi-family structures, manufactured houses, or any other type of building, would all be
classified as residential activity.
Function Dimension
Function refers to the economic function or type of establishment using the land. Every land use
can be characterized by the type of establishment it serves. Land-use terms, such as agricultural,
commercial, industrial, relate to enterprises. The type of economic function served by the land
use gets classified in this dimension independent of actual activity on the land. Establishments
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can have a variety of activities on their premises, yet serve a single function. For example, two
parcels are said to be in the same functional category if they belong to the same establishment,
even if one is an office building and the other is a factory.
Structure Dimension
Structure refers to the type of structure or building on the land. Land-use terms embody a
structural or building characteristic, which suggests the utility of the space (in a building) or land
(when there is no building). Land-use terms, such as single-family house, office building,
warehouse, hospital building, or highway, also describe structural characteristic. Although many
activities and functions are closely associated with certain structures, it is not always so. Many
buildings are often adapted for uses other than its original use. For instance, a single-family
residential structure may be used as an office.
Ownership Dimension
Ownership refers to the relationship between the use and its land rights. Since the function of
most land uses is either public or private and not both, distinguishing ownership characteristics
seems obvious. However, relying solely on the functional character may obscure such uses as
private parks, public theaters, private stadiums, private prisons, and mixed public and private
ownership. Moreover, easements and similar legal devices also limit or constrain land-use
activities and functions. This dimension allows classifying such ownership characteristics more
accurately.
Each LBCS dimension contains 9 categories and describes a different characteristic of land use.
Each LBCS category can have up to 4 levels of detail. Coding in the LBCS is done using 4
single digits (1000 - 9999) and read from left to right, such that a code of 1000 is the least
specific and refers to all of the uses in that category. By filling in additional digits the coding
drills down to more specific designations, i.e. a Function code of 2000 refers generally to
developments used as general sales or services while a Function code of 2111 refers to a car
sales development. An example of the how the coding system works is included in Figure 9.
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1000 Residence or accommodation functions
2000 General sales or services
2100 Retail sales or service
2110 Automobile sales or service establishment
2111 Car dealer
2112 Bus, truck, mobile homes, or large vehicles
2113 Bicycle, motorcycle, ATV, etc.
2114 Boat or marine craft dealer
2115 Parts, accessories, or tires
2116 Gasoline service
2120 Heavy consumer goods sales or service
2130 Durable consumer goods sales and service
2140 Consumer goods, other
2150 Grocery, food, beverage, dairy, etc.
2160 Health and personal care
2200 Finance and Insurance
2300 Real estate, and rental and leasing
2400 Business, professional, scientific, and technical services
2500 Food services
2600 Personal services
2700 Pet and animal sales or service (except veterinary)
Figure 9. Example of LBCS Four Digit Coding System

The LBCS system is not hierarchical within or across dimensions, therefore a category such as
1000 Residential in the Function Dimension will not automatically refer to residential in one of
the other four dimensions, although there are close similarities between the Function and Activity
dimensions.
To utilize the LBCS data in the TRANSIMS Activity Generator a primary function was
identified for each development site. The primary function code was determined by identifying
the most common functional code class associated with each development site. The primary
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function was identified with coding to the first level (or digit) of detail using the codes outlined
in Figure 10.

1000 Residence or accommodation functions
2000 General sales or services
3000 Manufacturing and wholesale trade
4000 Transportation, communication, information, and utilities
5000 Arts, entertainment, and recreation
6000 Education, public admin., health care, and other inst.
7000 Construction-related businesses
8000 Mining and extraction establishments
9000 Agriculture, forestry, fishing and hunting
Figure 10. LBCS Function Codes Used to Identify Land Use for Each Development Site

These general categories were used as the basis to generate the tables necessary to run the
Activity generator.
Input Data Preparation
As noted above, several types of data were required to create the data tables necessary to
generate the synthetic population used in this TRANSIMS model. The following section
describes the process used to create those tables and to make them usable by the TRANSIMS
PopSyn.
The process of creating the files involved both downloading Census data and creating geographic
links from the data to the appropriate geography. For this project U.S. Census Block Group data
and PUMA five percent data were the levels of geography selected. All spatial manipulation of
data was done in ArcView 3.2 using shape file format.
Geographic File Preparation
The first step in preparing SF 3 Census data was to identify the PUMA geography for the study
area – for this project the parishes of Orleans, Jefferson, St. Tammany, St. Bernard, and
Plaquemines – and to associate the PUMA ID to each block group in the study area.
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The PUMA five percent sample geography file for Louisiana was downloaded in ArcView
shapefile format from the following Census website1:
http://www.census.gov/geo/www/cob/bdy_files.html and for Louisiana at
http://www.census.gov/geo/www/cob/pu5_2000.html
Next, the block group boundary files for the study were downloaded in shapefile format from the
ESRI website at
http://arcdata.esri.com/data/tiger2000/tiger_download.cfm
Once both of these files were downloaded from the website they were opened in ArcView 3.2.
Since the block group files for each of the five parishes in the study area were separate, they had
to be combined into one shape file. The merge process used an ArcView script called
mrgthmcl.txt found in the sample scripts provided by ESRI with the ArcView 3.2 software. The
resulting combined shape file was opened into the same view as the PUMA shape file.
To associate a PUMA ID with each block group a centroid point for each block group was
created that included all of the geographic information for each block group. Next, using the
spatial join feature in ArcView, the attributes of each PUMA were attached from the PUMA
geographic file to the center point of each block group whose center point was located within
that PUMA boundary. The resulting block group file contained both the block group and PUMA
geographic identifiers needed by the Population Synthesizer. These included:
PUMA Five Percent ID
State ID
County ID
Census Tract ID
Block Group ID
SF 3 Census Data Download and Preparation
The next step was to generate the block group Census data for the study area. Census data was
downloaded using the Census 2000 Summary File 3 CD for Louisiana obtained from the U.S.
Census Bureau. Data was extracted from the CD using the U.S. Census 2000 Data Engine
provided with the SF 3 U.S. Census CD.
The Katrina evacuation model project was designed to simulate the observed traffic flow
resulting from the Katrina evacuation. As such, the model was not designed to simulate the day
to day activities and travel patterns of the population but rather identify the origins of likely
vehicle trips. As such, only limited Census data was required to run the model for this project.
The 2000 SF 3 Census data used to generate the synthetic population along with the 1990 Census
table identifiers for those users not yet utilizing TRANSIMS v4 is included in Table 1.

1

PUMA 5 percent geography is also available in ARC/INFO Export (.e00) and ARC/INFO Ungenerate (ASCII)
formats for each state.
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File as per 1990 Census

File as per Census 2000

P24
P16
P107

P13
P14
P76

P24
P16
P110

P 13
P14
P79

H37

H44

Table 1. SF 3 1990 and 2000 Population and Housing Table Names

After the data was downloaded from the 2000 U.S. Census CD, field names were changed to
allow the population synthesizer to associate SF 3 data fields with their PUMS data equivalent.
Table 2 below outlines the naming convention used.

Description

Census Data Field
Identifier
NoMetroArea_LA_SF_Family_HH.xls
Age of the householder |P013003|-|P013010|
Household Size
|P014003|-|P014008|
Family income
|P076002|-|P076017|
NoMetroArea_LA_SF_NonFamily_HH.xls
Age of householder
|P013012|-|P013019|
Household Size
|P014010|-|P014016|
Non-family household
|P079002|-|P079017|
income
NoMetroArea_LA_SF_All_HH_VEHICLES.xls
Age of the householder |P013003|-|P013010|
|P013012|-|P013019|
Household Size
|P014003|-|P014008|
|P014010|-|P014016|
Family income
|P076002|-|P076017|
|P079002|-|P079017|
Vehicles per household |P044003|-|P044008|

TRANSIMS Data Field Identifier

|HHAGE1|-|HHAGE8|
|HHSIZE2| -|HHSIZE7|
|HHINCOME1|-|HHINCOME16|
|HHAGE1|-|HHAGE8|
|HHSIZE1|-|HHSIZE7|
|HHINCOME1|-|HHINCOME16|

|HHAGE1|-|HHAGE8|
|HHSIZE1| -|HHSIZE7|
|HHINCOME1|-|HHINCOME16|
|AUTOS0|-|AUTOS5|

Table 2. SF 3 2000 Data Field and Respective TRANSIMS Data Field Identifier

Once the data was downloaded two types of data files were created. One set of files included
age, household size, and income broken out by family and non-family designations. These files
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were saved as NoMetroArea_LA_SF3_Family_HH.xls and
NoMetroArea_LA_SF3_NonFamily_HH.xls
The other file included the combined family and non-family data for age, household size,
household income, and the number of vehicles per household. Since the Census data defines
household as a single residential unit whether that unit is occupied or not, all of the data used for
this project are for occupied households. The Census only reports vehicle distribution by
household, so this file was required to combine all households to synchronize the data for use in
the population synthesizer.
To create this table, a summed field was created for each Census identifier and summed together.
For example, in the Household size table (P14) counts were separated out by family and nonfamily. The total counts for two person families were added to the two-person count for nonfamily to get a two-person household total and completed for all remaining appropriate fields in
SF 3 tables P13 and P14. The same process allowed the summation of appropriate fields in
income tables P76 and P79. This combined file is called
NoMetroArea_LA_SF_All_HH_VEHICLES.xls
After the Census files were created they were saved as DBF IV files and added to the ArcView
project file using the add table function. This allowed a PUMA ID to be associated with the
Census block group data. The appropriate PUMA ID was attached by using the spatial join
function to link the Census data to the block group center point file. The resulting table was
exported as a DBF IV file and opened in Microsoft Excel to remove any unnecessary and/or
duplicate fields not required for processing in the Population Synthesizer. The resulting file was
saved as an Excel file.
Associating SF 3 Data with Activity Point ID
After associating the SF 3 block group data with a PUMA, the next step included associating the
SF 3 data with the appropriate activity location ID. Activity location points were provided by
Louisiana State University in shape file format. Since the activity location was a point file, the
easiest way to attach the data was to use the spatial join feature in ArcView to attach the block
group data to each activity point that fell within that block groups geography. This was a three
step process.
The first step was to reassociate the SF 3 block group data to the block group shape file. Since
all of the SF 3 data and PUMA ID designation were linked to the block group center point, the
spatial join feature of ArcView allowed the center point file to be linked back to the block group
shape file.
The next step was to use the spatial join feature in ArcView to associate the activity point ID
information to the block group shape file. Once the spatial join was complete the block group
shape file will include all of the U.S. Census geography identifiers, PUMA ID, SF 3 Census data,
and the activity point data.
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The final step was to export the block group data file from ArcView so that any unnecessary or
duplicate data field can be removed. All of the resulting files are name according to the
convention outlined above.
PUMS Data Download and Preparation
The other main component of U.S. Census data required to generate a synthetic population was
the PUMS data which are a sample of specific household and person data collected on the long
form in the decennial Census. Data variables are tabulated at the individual household level and
for individual persons in each household.
The downloading and manipulation of the PUMS data as well as the process of coordinating
field name convention with the SF 3 data was done according to the instructions and examples
provided in the AECOM Consult, Inc. document titled 2000 Census Data Preparation How To.
PUMS data for the Louisiana was downloaded from
http://www2.census.gov/census_2000/datasets/PUMS/FivePercent/Louisiana/PUMS5_51.TXT. The

U.S. Census documentation for PUMS was downloaded from
http://www.census.gov/prod/cen2000/doc/pums.pdf and was consulted to determine which
household and person variables should be extracted based on the SF 3 data used for this project.
Table 3 identifies the PUMS fields extracted for this project.

PUMA Attribute Name

Household
HHOLD
PUMA
WEIGHT
HHSIZE
VEHICLE
HHTYPE
HHINCOME
Person
HHOLD
PERSON
RELATIONSHIP
AGE

SF 3 Corresponding Table

PUMA Name

H01
NA
NA
P14
H44
P14
P76,P79

SERIALNO
PUMA5
HWEIGHT
PERSONS
VEHICL
HHT
HINC

H01
P01
P14
P13

SERIALNO
PNUM
RELATE
AGE

Table 3. PUMS Household and Person Data Fields Extracted for Use in Population
Synthesizer

Once the PUMS data was downloaded it was divided into separate files for household and person
records as required for use in the Population Synthesizer. Once separated, the household and
person files were given separate names. The file created for household records was titled
LA_PUMS_HH.dat. The file created for person records was named LA_PUMS_P.dat.

Page 40

New Orleans Evacuation TRANSIMS Study

Draft Final Report

Because PUMS data field naming conventions differ from those used in SF 3 data fields the
PUMS field names were changed to conform to the field names used in the SF 3 tables identified
above. Several PUMS fields were recoded (|HHINCOME|, |HHAGE|, and |HHSIZE|) in
LA_PUMS_HH_2000 into the categorical values used in the SF 3 files created above.
Once the individual household and person data files were compiled, the appropriate data for each
PUMA geography included in metropolitan New Orleans was selected from each file and saved
as Metrono_PUMS_HH.dat and Metrono_PUM
Land Use Data
The UNO team undertook the collection of available digital spatial land use data for Jefferson,
Orleans and St. Bernard parishes. The digital land use data sets for these areas were combined
into a unified spatial data file to assist in the development of the synthetic population. These
pre-Katrina data sets combine the Central Business District (CBD) of New Orleans, the historic
neighborhoods and the inner ring suburbs. These are the built-up areas of New Orleans proper
and are commonly referred to as Metro New Orleans.
There are clear delineations between Metro New Orleans and the adjoining parishes of St.
Tammany, St. Charles and Plaquemines. These delineations can be seen in Figure 11 “Metro
New Orleans and Vicinity Land Use” below. The expansive jurisdictional wetlands to the East,
West and South of Metro New Orleans and Lake Pontchartrain to the North separate New
Orleans from adjacent developed areas.
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Figure 11. Metro New Orleans and Vicinity Land Use

Metro New Orleans can be seen in the land use classification map above. These data were
collected from more than 10 separate federal, state, local government and private sector
organizations, listed in Table 4 below. This file is the first unified digital spatial land use file for
Metro New Orleans. The next sections will describe the assumptions, sources and methods in
the preparation and use of these data sets.
Assumptions and Prerequisites
This report assumes that users are familiar with TRANSIMS and understand the basic
procedures and terminology for displaying and editing digital spatial data in GIS applications.
Users are also assumed to be familiar with the Network (Lanes) and Activity Point files used by
TRANSIMS. The basic requirement of this exercise was to take the Activity Point files, created
in TRANSIMS by the LSU team, and modify them in the GIS software. This allowed for the
association of the appropriate land use classifications and household weights with the Activity
Points.
To accomplish this, the following software applications were used to manipulate the data:
ESRI ArcMap GIS 9.2: to manipulate shape files and geo-rectification.
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ESRI ArcView GIS 3.2: to manipulate shape files and dbf files.
Microsoft Excel: to manipulate DBF files.
Microsoft TextPad: to manipulate text files.
The UNO Team was responsible for collecting land use data for Orleans and Jefferson Parish,
Louisiana. St. Bernard Parish land use data were also collected and in portions of incorporated
Jefferson Parish were land use data were unavailable, approximation techniques were used as
described below. All of the land use data were based on the most recent data available for each
parish (pre Katrina).
This project involved the collection of secondary data. UNO was not responsible for primary
data collection, however, when certain data were missing, the UNO team made various
approximations. Recommendations are also included for the best methods of land use
approximation. The UNO team worked with LSU to format data for entry into the TRANSIMS
model. UNO assisted with the data analysis, and the interpretation of the model outcomes,
however, this was primarily the responsibility of the LSU team.
This report also contains the sources, methods and step by step processes in the development of
the TRANSIMS synthetic population for the New Orleans region study area. It should be noted
that the final synthetic population may not be completed until such time as the full land use and
census coverage for the Baton Rouge to New Orleans and North Shore to Mississippi region is
obtained. The UNO team has provided this preliminary data and outcomes to the LSU team and
recommends steps to take for the acquisition of the remaining data.
Sources and Methods
The data for the development of the land use inputs to the TRANSIMS model came from a wide
variety of sources and consisted of several different data types. These data were combined into a
unified digital spatial database for manipulation and analysis by the UNO team. Table 4 below
contains the main sources and types of data collected.

Page 43

New Orleans Evacuation TRANSIMS Study

Draft Final Report

Sources

Data Type

RPC (Regional Planning Commission )
City of Kenner
City of Harahan
City of New Orleans
Jefferson Parish
UNO, Department of Planning (PLUS)
Land Cover USGS
TIGER ZIP Codes
U.S. Census
Pictometry
LandSAT
Google Earth Ground Truthing
Personal Communications

ESRI Shape Files (Super Blocks)
ESRI Shape File (Parcels \ Lots)
CAD DWG Files (Street Grid)
ESRI Shape File (Parcels \ Lots)
CAD \ DXF Files (Parcel \ lots)
Land Use Surveys, Digital Spatial Data
(DOQQs) Digital Ortho Quarter Quads
ESRI Shape Files, DBF files
ESRI Shape Files, DBF files
High Resolution Aerial Photographs
Medium to Low Res. Satellite Images
Internet \ Aerial Photography
Local Knowledge

Table 4. Data Sources

The Regional Planning Commission (RPC) Data
In the summer of 2007 the RPC responded to a request for data from UNO by providing a CD
with ESRI Shape files and their associated Metadata. These data files constituted the land use
“coverage” for Orleans and St. Bernard Parishes. The three constituent parts of a Shape file are:
.shp – The digital file containing the spatial attributes (proprietary to ESRI)
.dbf – The digital file containing the text, variables and user defined data (Database
Format File)
.shx – The digital file containing the linking information between .shp and .dbf files
(proprietary to ESRI)
In addition to the three main shape files provided additional ancillary files were included on the
RPC CD. They are:
.prj – This file type contains the projection and other Geo-referencing information
.avl – This file type contains the Legend and color map classification data
.apr – This file is an ArcView Project file
.mdb – This is a Microsoft Database file used to store GIS data in ArcGIS 9.2.
In order to load a variety of different shape files into GIS software applications the geographic
projection or coordinate systems must be identified. The .prj file contains this information. GIS
users also often need to change the projections and coordinate systems for various files to be
projected onto the same view. Metadata files such as the .prj file contain this important
information.
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Figure 12 below shows the display of the two shp files for Orleans and Jefferson in the same
coordinate system and Figure 13 shows the avl legend color classification codes.

Figure 12. RPC Data and Land Use Color Classifications

Figure 13. The RPC Land Use Color Classification Legend
The RPC data for Orleans and St. Bernard parishes contained approximately 2000 land use
polygons or parcels (1500 for Orleans and 500 for St. Bernard approximately). Although the
RPC‟s mandate covers the entire New Orleans Metro Area consisting of Orleans, Jefferson, St.
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Bernard, St Charles and St. Tammany parishes they were only able to provide data for Orleans
and Jefferson.
Jefferson Parish, Kenner and Harahan Data
The digital spatial land use data collected for unincorporated Jefferson Parish and incorporated
areas consist of a variety of data formats and files types as described in Table 4. In general, the
Jefferson Parish data are of higher resolution and quality than those provided by the RPC.
Figure 14 contains a sample of these digital parcel level data for comparison purposes.

Figure 14. Jefferson Parish Parcel Data

Figure 15. The Jefferson Parish Land Use Color Classification Legend
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The land use data for Jefferson, Kenner and Harahan contained approximately 180,000 polygons
corresponding to individual parcels or lots. This is much more detailed than the approximately
2000 polygons the RPC provided for Orleans and St. Bernard parishes.
Other Data Sources
A variety of other data sources were used to approximate the land use when existing sources
were unavailable or missing for existing data. Several examples of these data sources are
contained in Figures 16, 17 and 18 below.
U.S. Geological Survey (USGS) Digital Ortho Quarter Quad (DOQQS) maps are widely
available and important sources of land use data. Figure 16 contains exampled of these data for
Jefferson Parish. Unfortunately, these data tend to be dated and at lower resolutions than other
more recently available public domain data sets such as Google Earth. The use of the DOQQ
maps in this project was limited to updating missing land use data on the West Bank of Jefferson
Parish.

Figure 16. USGS Digital Ortho Quarter Quads (DOQQs)

Figures 16 and 17 below contain examples of the high resolution aerial photographs used to
update and complete the land use coverage information for areas in Jefferson Parish.
Specifically, these data were used to update the land uses in the City of Gretna, Jefferson Parish.
It is recommended that this method be used for future land use data collection efforts.
The aerial photographs in the figures below are distributed under license by Pictometry
International Corp. a private company in the form of their Electronic Field Study, Version 2.6.
This software contains links to thousands of digital aerial photographs that comprised “flyovers”
of the New Orleans region. These photographic data are “geo-referenced” and readily tied to
GIS software for overlay and analysis purposes.
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Figure 17. Pictometry of Commercial and Main Streets (pre \ post Katrina)

The use of the pictometry below made it possible to complete and update the land use data for
areas in Jefferson Parish where the data were incomplete.

Figure 18. Pictometry for Residential, Multifamily and Commercial Areas

Methods for LBCS Coding
ESRI GIS software applications allow the user to query, analyze and update a variety of digital
files including database format and other spatial data table files. This functionality allowed the
UNO team to re-code the information provided by the RPC and Jefferson Parish into LBSC
formats as described in Figures 9 and 10 above. This method requires the data to be sorted into
existing land uses and a new table field added and then populated with the appropriate LBCS
codes.
After the land use classifications codes were updated for all of the Metro New Orleans data sets
these files were then combined into one unified digital spatial data file. This proved to be a
particularly challenging component of the project due to the number of different spatial
projection used and the lack of metadata for certain datasets.
Methods for Georeferencing Spatial Data Sets
A variety of methods were explored to overcome this challenge including various projection
techniques, trial and error and manual spatial transformations, however, these proved
unsuccessful. It was not until the use of the ArcGIS Version 9.2 software application and its
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geo-processing toolbox functionality that the successful integration of the different data sets was
accomplished.
The next step involved geogreferencing the unified land use data file to the same coordinate
systems as the Lanes and Activity Point files provided by the LSU team. The end result of this
operation was the “overlay” of all the LSU and UNO data sets into one view screen in the
ArcGIS 9.2 software.
Methods to Associate Activity Points with Land Use Classification Data
When all of the data sets were unified into the same coordinate system it was possible to use the
“Spatial Join” functionality of ArcView. This in effect allowed for the association of the land
use characteristics with the Activity Point file. Specifically, this took the form of a new field
column or variable in the attribute table of the Activity Point file. The “calculate” function
allowed the batch update of this attribute file for all 8000 Activity points in the file at one time.
Methods to Weigh Activity Points for Household Probabilities
ArcView GIS table manipulation functionality allowed the UNO team to re-code the Activity
Point files. Specifically, this involved adding a new variable field to contain the household
weights.
Land use data were used to determine the weight for each activity location. These weights were
assigned proportional to the probability that a household would be placed at that activity
location. The weights were formed by assessing the land use designations (single family
residential, residential double and multi family designations) for each activity location. The
results were a ratio used as the probability of a household being located on that particular activity
location.
Outcomes
The first outcome of the land use and GIS component of this project was to demonstrate that a
large scale GIS exercise involving the collection of regional digital data sets is feasible. It is
possible to acquire and integrate existing digital spatial covering wide areas. More and more
local jurisdictions are creating or acquiring high quality digital land use data and making it
available to researchers and the public.
Secondly, this project has demonstrated that current technology can allow for the seamless
integration of large digital spatial data sets. Off the shelf GIS software applications and and new
desktop computers can manipulate very large data sets quickly and efficiently. The combined
land use data sets for the New Orleans region contained close to a quarter million parcel records.
Manipulating such a large data set even just a few years ago would have been difficult and time
consuming.
The project demonstrated the ability of GIS to overcome many of the obstacles to the
TRANSIMS model development. One example of this is the Center line offset issue was that
was overcome through GIS data manipulation techniques. By increasing the offsets to 100 feet
from 15 feet we were able to increase the “hit” ratio, (the number of activity points associated
with a land use classification) by 30 percent. This reduced the amount of manual inspections and
table updates required.
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Next Steps
It is now feasible to update the land use component for the entire TRANSIMS model between
New Orleans and Baton Rouge. A number of parishes between these locations have updated
land use and zoning maps in digital form. Additionally, newly created digital spatial data is
obtainable from a variety of government and private sector source.
This process of model development will be streamlined due to the efforts undertaken in this
project especially with regards to land use and census data incorporation.
Coding and Execution Process
With the required input data converted into the required format, the actual execution of the
PopSyn program was quite simple and straightforward. The execution of the PopSyn program
for this test case took a brief 13 seconds. The control file for the execution of the Population
Synthesizer for the New Orleans test case was developed based on the example PopSyn control
file found in the AECOM Population Synthesizer documentation. The file code used for
evacuation project test case is shown in Figure 19. .
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TITLE

New Orleans Synthesizer Test

NET_DIRECTORY
NET_ACTIVITY_LOCATION_TABLE
NET_PROCESS_LINK_TABLE

..\..\network\network
Activity_LocationsforHouseholds.txt
Process_Link

PUMS_HOUSEHOLD_FILE
PUMS_HOUSEHOLD_FORMAT
PUMS_POPULATION_FILE
PUMS_POPULATION_FORMAT
ZONE_DATA_FILE
#VEHICLE_TYPE_DISTRIBUTION
NEAREST_ZONE_LOCATION

..\pums\PUMS_Households2.txt
TAB_DELIMITED
..\pums\PUMS_Persons2.txt
SPACE_DELIMITED
..\stf3\Zone_Data.txt
..\vehicle\Type_Distribution.txt
..\stf3\NearestZone.txt

NEW_HOUSEHOLD_FILE
NEW_POPULATION_FILE
NEW_VEHICLE_FILE
NEW_PROBLEM_FILE

..\population\Household.txt
..\population\Population.txt
..\vehicle\Vehicle.txt
..\results\Problem.txt

RANDOM_NUMBER_SEED
MAXIMUM_IPF_ITERATIONS
MAXIMUM_IPF_DIFFERENCE

12332
10000
0.0000001

STATE_PUMA_LIST

LA1801, LA1802, LA1803, LA1804, LA1901, LA1902, LA1903,
LA1904, LA1905
LA1905
HWEIGHT
VEH
#only used if PUMS_VEHICLE_FIELD is not specified#
ZONE
TAZ

#
PUMS_WEIGHT_FIELD
PUMS_VEHICLE_FIELD
#PUMS_AGE_FIELD
#ZONE_DATA_ID_FIELD
LOCATION_ZONE_FIELD

#ZONE_TOTAL_FIELD_1
#LOCATION_WEIGHT_FIELD_1
PUMS_ATTRIBUTE_FIELD_1_1
PUMS_ATTRIBUTE_BREAKS_1_1
ZONE_FIELD_GROUP_1_1
PUMS_ATTRIBUTE_FIELD_1_2
PUMS_ATTRIBUTE_BREAKS_1_2
ZONE_FIELD_GROUP_1_2
PUMS_ATTRIBUTE_FIELD_1_3
PUMS_ATTRIBUTE_BREAKS_1_3
ZONE_FIELD_GROUP_1_3
STARTING_HOUSEHOLD_ID
STARTING_VEHICLE_ID
OUTPUT_HOUSEHOLD_FIELDS
OUTPUT_POPULATION_FIELDS

TOTAL
USER1
PERSONS
1, 2, 3, 4, 5, 6
PERSONS
VEH
0, 1, 2, 3, 4
VEH
HINC
10000, 15000, 25000, 35000, 50000, 100000
HINC
100
100
STATE, PUMA, HWEIGHT, PERSONS, VEH, HINC
AGE, SEX

POPSYN_REPORT_1
POPSYN_REPORT_2

PUMS_HOUSEHOLD_SUMMARY
PUMS_POPULATION_SUMMARY

Figure 19. PopSyn Control File Code
To simplify the execution process of the program into a single command step, a simple batch file
was also developed. The file code of this batch file is shown in Figure 20..
..\..\bin\PopSyn.exe PopSyn.ctl
start C:\Transims\NewOrleansNetwork\test\population\db1.mdb

Figure 20. PopSyn Execution Batch File Code
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Output and Results
The output file (PopSyn.prn) was configured included summaries of both the household and
population data. The output stream for the household model is shown in Error! Reference
source not found.. This output shows a synthesized number of households, population, and
number of vehicles (as specified in the control file) for each of the nine PUMA sample areas. It
also includes a total number for each of these measures (392,535 Households; 996,952 Persons;
and 890,316 Vehicles) within the study area. While the first two values appeared to be quite
reasonable, the number of vehicles seemed initially to be somewhat high. This issue will be
investigated further.

New Orleans Synthesizer Test
Fri Sep 14 15:56:42 2007 PopSyn
Attribute
Attribute
Attribute
Attribute

Type
Type
Type
Type

#2
#3
#4
#5

Field
Field
Field
Field

=
=
=
=

page 2
VEH2,
VEH3,
VEH4,
VEH5,

Number
Number
Number
Number

=
=
=
=

22
23
24
25

PUMS Attribute Field #3 Name = HINC, Number = 7
PUMS Attribute Breaks #3 = 10000, 15000, 25000, 35000, 50000, 100000 (7 Types)
Zone Field Group #3 = HINC
Attribute Type #1 Field = HINC1, Number = 7
Attribute Type #2 Field = HINC2, Number = 8
Attribute Type #3 Field = HINC3, Number = 9
Attribute Type #4 Field = HINC4, Number = 10
Attribute Type #5 Field = HINC5, Number = 11
Attribute Type #6 Field = HINC6, Number = 12
Attribute Type #7 Field = HINC7, Number = 13
Starting Household ID = 100
Starting Vehicle ID = 100
Output Household Fields = STATE, PUMA, HWEIGHT, PERSONS, VEH, HINC
Output Population Fields = AGE, SEX
PopSyn Reports:
Number
Number
Number
Number
Number
Number
Number
Number

of
of
of
of
of
of
of
of

1. PUMS_HOUSEHOLD_SUMMARY
2. PUMS_POPULATION_SUMMARY

Activity Location File Records = 7932
Process Link File Records = 16184
Nearest Zone Location Records = 32
PUMS Household File Records = 17321
Household Database Records = 17321
PUMS Population File Records = 43487
Population Database Records = 43487
Zone Data File Records = 1284

Household Model #1
PUMA LA1801 Households = 40552, Population = 115076, Vehicles = 89346
PUMA LA1802 Households = 42862, Population = 102518, Vehicles = 92280
PUMA LA1803 Households = 52603, Population = 133831, Vehicles = 93442
PUMA LA1804 Households = 51339, Population = 116121, Vehicles = 94522
PUMA LA1901 Households = 65185, Population = 150100, Vehicles = 167558
PUMA LA1902 Households = 34629, Population = 87402, Vehicles = 89385
PUMA LA1903 Households = 36564, Population = 98682, Vehicles = 88986
PUMA LA1904 Households = 35527, Population = 103455, Vehicles = 89996
PUMA LA1905 Households = 33274, Population = 89767, Vehicles = 84801
Model #1 Total Households = 392535, Population = 996952, Vehicles = 890316

Figure 21. PopSyn.prn Output File (Household Model)
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Figure 22. shows a summary of the output. While these average, maximum, and minimum data
values appear to be intuitively quite reasonable, there remains some confusion about the lack of
agreement between PUMS household summary totals and the “New Records” data values nearer
the bottom of the figure. Again, these numbers will be evaluated further as the project continues.

New Orleans Synthesizer Test
Fri Sep 14 15:56:55 2007 PopSyn

page 3

PUMS Household Summary
Attribute Name
PERSONS
VEH
HWEIGHT
HINC

Total

Average

Minimum

Maximum

43487.00
23401.00
397739.00
803317772.00

2.51
1.35
22.96
46378.26

1.00
0.00
3.00
-10000.00

15.00
6.00
79.00
729000.00

Total

Average

Minimum

Maximum

1554866.00
66517.00

35.75
1.53

0.00
1.00

93.00
2.00

PUMS Population Summary
Attribute Name
AGE
SEX

Number of New Household Records = 392535
Number of New Population Records = 996952
Number of New Vehicle Records = 890316
Fri Sep 14 15:56:55 2007 -- Process Complete (0:00:13)

Figure 22. PopSyn.prn Output File (Household Summary)
The next step of the model development process is to assign activities to this population. While
this was able to be done with an earlier synthetic population and router version, the use of the
updated router and microsimulator program version longer permits us to successfully execute
these procedures. The goal of achieving a successful execution of this module will be another
area of emphasized activity over the next several weeks.
Future Synthetic Population
The UNO collaborative team is currently working in parallel to develop a considerably more
detailed and robust synthetic population. The significant level of improvement will be possible
because of their existing detailed data bases of the local area. The information below has been
included to briefly summarize the UNO work on this issue at the present time.
In summary, the following figures the integration of existing City of New Orleans (CNO) land
use zoning and information at two different levels of resolution to depict the number and location
of activity generators that will be used by TRANSIMS. The left-side column depicts the low
resolution method and the right-side column depicts the same area at a much higher resolution.
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The left-side column uses nine zoning classes, while the right-side column depicts the same area
with 60 zoning classes.
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Chapter 4. Generation of Evacuation Travel Activity

Recent experience has shown that the travel conditions and behavioral interactions that occur
during evacuations can be complex processes. Based on the nature of the threat and the amount
of advanced warning time that is given, evacuations can also involve numerous pre-evacuation
activities such as coordinating the evacuation of multiple households; making trips to
pharmacies, hardware stores, and gas stations to acquire prescription medications, supplies to
secure property, and fuel vehicles for the trip as well as interchanges between modes as evacuees
move from walking to busses to trains and airplanes and so on. Because of the number and
complexity of representing all of these conditions in a simulation, it is necessary to use
simplifying assumptions that abstract many of these details.
In this project, the evacuation travel process was streamlined to represent the aspects of the event
which were most relevant to the analysis at the present time. However, it is anticipated that
additional detail will be included as development work continues into the future. In general, the
auto-based trips were simplified to a single home-to-shelter movement. For transit-based trips,
movements were modeled based on primary travel activities, including walking from homes to
bus stops then loading and unloading from the local to the regional busses. However, even with
these simplifications, there remained numerous activities that were required to be incorporated
into the model. Among the most important of these was the spatial and temporal departure
assignment process within the network. This chapter describes the processes and assumptions
used to develop these and many other travel activities for the TRANSIMS simulation of the
evacuation of New Orleans.
The overall goal of the travel activity modeling process was to reproduce, to the greatest extent
possible, the traffic patterns that were observed during the Hurricane Katrina evacuation of
August 2005. The Katrina event was used as the modeling basis not because it represented a
“best case” or even “representative” evacuation scenario. Rather it was used because traffic data
were available on which to conduct a validation of the model output. It should also be noted that
although the plan to regionally manage traffic using freeway contraflow was used (and modeled),
there were no large-scale plans for the movement of persons without personal transportation.
Based on this, the model process used for this project was developed based on assumptions and
methods developed from various proposed transit assisted evacuation plans in the area.
Classification of Evacuees
The first step of the travel activity generation and modeling process was to classify the evacuees
based on their mode of travel during the event. The classifications were important to determine
the transportation needs of each evacuee as well as other key factors that governed mobility
characteristics, including walking speeds, transit loading times, space requirements, and so on.
The evacuee classification used in this project was developed primarily based on demographic
information included in the US Census database, including vehicle ownership, economic status,
age, and other disabilities. Additional information, when available, suggesting personal mobility
status such as tourist, prisoner, hospital patient, etc. was also used.
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Based on this information, three mobility status classification groups were theorized to be
involved in the evacuation. These groups and their assumed mode of travel are summarized in
Table 5. Generally speaking it can be assumed that Group 1 evacuees had vehicles and drove
them, Group 2 evacuees did not have vehicles and needed to be transported by others, and Group
3 evacuees did not have vehicles and were transported by third-party carriers.

Evacuee
Group
1
2
3

Personal
Transportation
Yes
No
No

“Assisted”
Transportation
No
Yes
No

Private or other forms of
“provided” transportation
No
No
Yes

Table 5. Evacuee Classification Groups

In this project, only Evacuee Groups 1 and 2 were explicitly specified and modeled. Group 3
evacuees were left out of the model for a number of reasons. As many of the members of the
group are hospital patients and persons living in various care facilities, their numbers and
locations vary and an exact number of these individuals nor the vehicles required to serve them
could not be determined with reliable precision. It was also assumed that this population and the
amount of vehicles required to move them would be relatively small compared to the other two
groups and would not substantially impact the overall operation of traffic within the simulation.
This is not, however, a suggestion that such individual should be disregarded or not accounted
for. In fact, they are often the most “vulnerable” members of evacuating populations and can
require significant resources to assure safe travel.
A breakdown of the various modal transport groups is included in
Table 6. Using the Population Synthesizer, a total evacuating population of 997,813 persons
living in 393,251 separate households was generated within the study region. In this project, it
was assumed that all of these people would evacuate. While in reality a 100 percent evacuation
is viewed as highly unlikely if not impossible for a variety of reasons, complete evacuations are
often used for planning purposes to analyze and evaluate the impacts on a transportation if such
an event were actually to occur and perhaps more realistically, account for the possibility that an
evacuation would incur a significant shadow evacuation that would produce equivalent levels of
traffic. In this exercise an additional 10,000 tourists were also part of the evacuation model. The
way they were included in the overall process will explained later.
In the total model population of 1,007,813, 826,689 people (82.0 percent) were defined as
“Group 1” or independent self-evacuators. The remaining 181,124 people were broadly
classified as carless or unable to transport themselves independently. They also fall into the
general “Group 2” classification. Of those persons within the Group 2 carless definition,
141,124 persons (14.1 percent of the total and 80.0 percent of the carless population) were
assumed to be able to be transported by friends, family members, or other acquaintances. In
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Table 6 these people are shown as Evacuee “Group 2a.” For purposes of this project, these
persons were also classified as dependent self-evacuators.

Evacuee
Group
1
2a
2b
2c
2d

Classification

Description

Transportation
Mode

independent
own car
Car
self-evacuators
dependent
ride w/others
Car
self-evacuators
dependent
without
Local Transit Bus and
self-evacuator
own car
Regional Coach Bus
dependent
senior w/o
Local Transit Bus and
self-evacuator
own car
Regional Train
dependent
tourist w/o
Local Transit Bus and
self-evacuator
car
Airplane
TOTAL EVACUATING POPULATION

Number
(persons)

Pct. of Tot.
Population

826,689

82.0 %

141,124

14.1 %

24,000

2.4 %

6,000

0.6 %

10,000

----*

1,007,813

100.0%

*Note: Tourists were not included in the population of the study area

Table 6. Evacuee Classification Group Sizes
The remaining 30,000 carless individuals, shown as “Group 2b” and “Group 2c” (and making up
16.6 percent of the carless population), were assumed to require transportation assistance through
the publically supported evacuation assistance program. The 30,000 persons estimated to be in
this dependent non-self-evacuator category come from studies conducted by Louisiana officials
to estimate the resources required for the various publically assisted evacuation plans. In this
study, the simulation was developed to assume that all these people would be transported by
local transit busses initially with later interchanges to regional coach buses or trains out of the
metro area. As shown in
Table 6, 6,000 persons in the dependent non-self-evacuator group were assumed to be “Group
2c” or senior citizens that would ultimately be transported by train out of the threat area. As
such, their busses were modeled to be routed to the station in New Orleans.
One final category not included in the dependent non-self-evacuator category was “Group 2d” or
tourists without rental vehicles who were assumed to be visiting New Orleans at the time of an
evacuation. Based on official Louisiana estimates it was assumed that 10,000 additional people
would require bus transportation from the main tourist district of the city to the New Orleans
airport where they would be evacuated by airplane. The following sections describe each of
these evacuee classification groups in more detail and highlight the key processes and
assumptions used to model them.
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Group 1 – Independent Self Evacuators
The first evacuee group was made up of the independent self-evacuators, or Group 1 evacuees.
This evacuee category included individuals who had access to and would make use of personal
modes of transportation. Group 1 evacuees were the easiest to most directly represent in the
model because such vehicles are the fundamental units represented in TRANSIMS simulations.
There is also an extensive history of observation and understanding of vehicle movements on the
road and a researched set of techniques on which to simulation them. Group 1 evacuees were
also assumed to be distributed throughout all areas of the region based on the rates and locations
of household vehicle ownership within the various census block groups and travel analysis
zones.
Group 2 – Dependent Self Evacuators
The second group was generally defined based on a person‟s lack of access to personal
transportation or other limitations that would impede their ability to self evacuate. Although
such individuals are often included in the “carless evacuee” definition, they can be quite diverse
in terms of travel behavior and need. In past evacuations, they include able-bodied individuals
that use non-auto based transportation modes such as transit, bicycle, and/or walking as well as
the elderly, persons with disabilities, or those under medical care. For planning purposes, other
sizable carless sub-groups include can also tourists, the economically disadvantaged, and
incarcerated individuals. It is also recognized that, in reality, individuals can also overlap more
than one of these Group 2 classification. For these reasons, such groups can be complicated to
plan for and to model.
In terms of modes and movements, Group 2 evacuees were all also assumed to have the ability
walk or otherwise travel to one of the transit bus evacuation boarding locations and would not be
dependent upon private or third-party transportation. This assumption is based on the widely
observed practice that carless individuals often receive rides with friends and family.
Group 3 – Dependent Non-Self Evacuators
The third group, which was not modeled in this project, were Group 3 evacuees. These
individuals are also carless but made up of special needs individuals unable to move themselves
even for short distances. As such, they were classified as dependent non-self evacuators and are
reliant on others for their movement during an evacuation. Evacuees in this category include
people who are disabled, hospitalized, incarcerated, or in some cases elderly evacuees who are
unable to drive themselves or otherwise reach a transit pick up point. Group 3 individuals
require additional transportation services such as paratransit, privately contracted bus services,
ambulatory transportation, and secured transportation.
Although not undertaken in this project, the locations of Group 3 evacuees can be estimated
using land use information, such as hospitals and care center housing, in addition population
statistics. Transportation resources for Group 3 individuals are often arranged directly by the
administrators of the facility in which they reside. Thus, they are not as reliant on public
transportation assistance as Group 2 evacuees.
The total number of Group 3 individuals is also typically much smaller than the previous
evacuees groups. This does not, however, imply that such individuals should not be included in
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evacuation transportation plans, rather their impact on and contribution to the overall traffic
conditions within a network is comparatively minimal. A final note of concern with some of the
non-able bodied evacuees is that their physical conditions may make it difficult to move them or
keep them in transit for substantial periods of time. In such cases difficult decisions that weigh
the pros and cons of sheltering in place come into consideration. Recently, some have also
suggested restricted-use evacuation lanes for use by special needs transport vehicles to minimize
travel time for frail evacuees.
Travel Movements Assumptions
Although it is recognized that pre-evacuation travel activities can be complex, the travel activity
processes in this project were simplified to reflect only the final segment of all evacuation trip
chains. As such, the model reflected only departures from a “home” location and subsequent
travel to a shelter destination. There were no explicitly departures from places of employment or
activity centers such as shopping locations, hospitals, and the like. It is expected, however, that
future versions of the model will incorporate more complex trip chains and origin destination
points. It should also be noted that the destination locations were effectively modeled as
enormous parking lots at the termination point of the evacuation routes. It is, however,
recognized that in reality many trips include multiple complex maneuvers and routing patterns
near sheltering destination that might need to be considered.
For evacuees in Groups 1 and 2a the assumptions used to simulate the departure process
reflected departures from the origin home location with direct entry into the closest network link
and travel to the desired destination based on the travel path as generated in TRANSIMS.
Within the network, vehicles accessed road links at entry points to the major collectordistributor/minor arterial level roadways as specified in the Router program. These were spaced
at intervals of approximately 500 to 1,000 feet (<- confirm) along each link. While these
intervals did not always correspond to the actual physical street layout, they were needed to
provide entry in to the TRANSIMS coded network.
Descriptions of the specific movements of assisted evacuees in Group 2 are detailed in Chapter
5. In summary, persons in Group 2b were assumed to walk from a home location to one of the
designated Parish bus pick up points as specified in the City Assisted Evacuation Plan (and also
described in detail in Chapter 5), then board a local transit bus which would drive to the New
Orleans Arena for transfer to a regional coach for travel via highway out of the New Orleans
metropolitan area. For senior citizens in Category 2c, the process included walking to one of the
designated senior citizen bus pick up points specified in the City Assisted Evacuation Plan,
loading on a bus, then riding to the New Orleans Amtrak Station adjacent to the New Orleans
Arena for transfer onto a train bound for a public shelter in Memphis Tennessee. For tourists
Category 2d, it the process included walking to a designated transit bus pick up points near the
French Quarter, loading, then riding to the New Orleans Airport for a flight out of New Orleans
to home.
Within this scheme individuals were assumed to walk to the bus boarding location closest to
their origin point. Based on the spatial distribution of the Group 2b evacuees within the
synthetic population, walking distances to these points was set not to exceed one kilometer. To
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reflect the likelihood that some Group 2 evacuees may also be adversely impacted by the need to
carry personal possessions and care for dependents, movement process also incorporated slower
walking speeds on the order of 2.5 feet per second. Once loaded onto the busses, there travel
movements were a function of the operational characteristics (speed, flow, delay, etc.) of the
roadways on which they traveled.
Modeling Departures
After categorizing the evacuees into groups, departure times and locations were assigned across
the study area using Monte Carlo-based sampling processes based on weighted probabilities that
reflected the time pattern observed LA DOTD traffic count data. The spatial and temporal
assignment of these departure times and locations for evacuees in the New Orleans study zone
was required to initiate evacuee travel from their point of origin. From a travel modeling
standpoint, it can be argued that the departure processes associated hurricane evacuations while
perhaps less complex than routine travel periods are considerably more complex than those
associated with other types of emergencies. This theory is based on the longer pre-evacuation
advanced warning time that has been afforded by metrological forecasting. From an activity
viewpoint, it is possible that pre-evacuation mobilization activities can occur over several hours
or even days and can often involve multiple trips between various locations and the incorporation
of several activities such as between places of employment, shopping, and home; retrieval of
children from school; travel to homes of up friends and family; coordination of several
evacuation parties; and the need fuel of one or more vehicles. For persons without access to
personal transportation the process can become even more complex and can involve the interface
of several different modes of transportation that take place at various locations, requiring various
durations, at various times during the evacuation event.
In this project, the departure origin assignment process incorporated an assignment weighted by
population within each zone, within which the highest number of evacuees came from the most
heavily populated areas of the city. The assignment of departures within each of these zones was
also “random” in that it was not based on any specific characteristics such as age, gender, type of
house construction, etc. which have been suggested to influence the timeliness of evacuation
departures.
Assignment of Departure Time
Evacuee departure times in the model were assigned to reflect the cumulative temporal pattern of
traffic movements observed during the Katrina evacuation. Figure 23 shows the cumulative
traffic volume distribution recorded during this period by the LA DOTD traffic data stations that
ringed the New Orleans metropolitan region. As expected, the data from these stations revealed
the commonly observed S-curve characteristic. More specifically, Figure 23 actually shows a
double S-curve form since the New Orleans evacuation for Katrina took place over a two-day
period. As the slope steepness of the curve is a function of the amount of traffic observed from
hour to hour, the steepest curve segments reflect the peaks of the evacuation during the daylight
hours of Saturday August 27th and Sunday August 28th. Similarly, the curve is much flatter
during the beginning and ending of the evacuation as well as through the overnight hours of
Saturday and Sunday when the rate of evacuee departures ebbed.
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Figure 23. Temporal Cumulative Evacuation Outbound Traffic Distribution

The curve includes data from eleven different LA DOTD count stations located at various points
along on three interstate and three US highways. A map showing the approximate locations of
these stations within the New Orleans metropolitan region is shown in Figure 24. Together,
these stations effectively cordoned the area to give a gross estimate of the number of evacuees
and the general distribution of the direction of travel. It was from this distribution that the spatial
assignment of evacuee departures was developed.
The total vehicles outflow recorded during the evacuation at these points was in excess of
500,000 vehicles. Since this total did not include data from the scores of other minor and
secondary routes out of the region, it can also be assumed that the total evacuation included
many more vehicles during the event than are represented here.
Departures in the simulation were generated on an hourly basis. The actual number of departures
during any single hour of the 48 hours of the evacuation period was calculated by first
determining the percentage of total number of evacuees from Figure 23, then multiplying it by
the total number of evacuees in each of the categories discussed earlier. Although this process
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only reflects auto based evacuating trips (Groups 1 and 2a), it was assumed that other evacuees
would also follow this same departure pattern. So, for example, since approximately five percent
of the total evacuation traffic was recorded between the beginning of Hour 33 to the beginning of
Hour 34 (i.e., 9:00 AM to 10:00 AM on Sunday August 28th), it was inferred that (0.05 *
1,007,813) or 50,391 evacuees departed during that one hour period. This total was also adjusted
backward by one hour for the reasons explained next.
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Figure 24. LA DOTD New Orleans Area Data Collection Stations

While the assignment process was useful within this application, it should be noted that there can
be shortcomings with the assumptions that were used. These will be more closely examined in
future work associated with this project. The first of these is that is while the LA DOTD data
were used to assign the departure times from each evacuation origin location, the data were not
reflective of the “actual” departure times from the points of origin. The LA DOTD data reflect
the number vehicles observed during the indicated hour at each location. However, they do not
take into account any travel time and delay that may have occurred between the departure points
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and the count stations nor do they incorporate variations within each hour. Because of this they
also do not explicitly reflect the travel time incurred on “unmonitored” roads leading to the
station or that associated with travel delay or multi-destination trip chains that may have
occurred between the origin point and count station. These time “overlaps” may have the
potential to be significant, particularly during the peak of the evacuation when congestion was
most apparent on the road network. To account for this phenomenon within the simulation, all
departure times were offset by one hour from the actual time they were counted. In reality this
offset varied, particularly during the earliest, latest, and peak periods of the evacuation. Finally,
it should also be noted that the state of TRANSIMS is updated on a second-by-second basis so
the evacuation departures were uniformly assigned during an hour at an average rate of
departures per second.
Assignment of Departure Destination
The final component to the evacuee departure process was the assignment of evacuee shelter
destinations. The destination locations used in the simulation were based on the distribution
traffic volume observed at the LA DOTD count stations during the Katrina evacuation. Table 7
shows the percentage of evacuation traffic assigned to each destination. As there was no data to
suggest a destination preference based on origins within New Orleans, the destinations were
assigned randomly based on this weighting to each point of origin along with the time of their
departure. The process of assigning the trip to specific routes within the network was done
internally by TRANSIMS through a series of iterative runs. This process is described in further
detail in the next chapter.

General Direction
of Travel

Sheltering Region

West

Baton Rouge, LA and
points west

East
North
South

Mobile, AL/Pensacola,
FL and points east
Jackson, MS/Memphis,
TN and points north
Lafayette, LA
and points west

Count Station
Route Direction
I-10 westbound
US-61 westbound
US-190 westbound

Percentage of
Evacuation Demand
20.5%
12.3%
9.6%

I-59 northbound*

13.5%

I-55 northbound

26.1%

US-90 southbound

18.0%

TOTAL
* Note: Northbound I-59 counts also included contraflow traffic

Table 7. Evacuee Travel Direction
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Chapter 5. Transit-based Evacuation Modeling

The evacuation of New Orleans during Katrina in August 2005 did not include provisions to
evacuate car-less residents, tourists, and individuals with special mobility needs. The National
Review of Hurricane Evacuation Plans and Policies (Wolshon et al. 2001) found few examples
nationally of transit-based evacuation plans for low-mobility groups. Wolshon (2002) estimated
that 200,000 – 300,000 people in New Orleans did not have access to reliable personal
transportation and that only 60 percent of the region‟s 1.4 million inhabitants would evacuate.
Fortunately, the Katrina evacuation was one of the most successful in American history, with
approximately 1.2 million people evacuating by automobile within a 48 hour period (Wolshon
and McArdle 2008). Despite this success, it received harsh criticism because many of the
region‟s most disadvantaged citizens, including the elderly and disabled, were unable to evacuate
(Cahalan and Renne 2007).
Since Katrina, the Federal government, the State of Louisiana, the City of New Orleans and
Jefferson Parish have shown great interest in evacuation planning for low-mobility populations.
The Department of Homeland Security‟s Catastrophic Hurricane Evacuation Plan Evaluation: A
Report to Congress (2006) and the U.S. Government Accountability Office‟s (GAO‟s)
Transportation – Disadvantaged Populations: Actions Needed to Clarify Responsibilities and
Increase Preparedness for Evacuations (2006) highlight the need for research that can inform
policy on car-less and special needs evacuation planning. The Federal Transit Administration is
currently funding a four-year study on “Car-less and Special Needs Evacuation Planning” led by
the University of New Orleans and the Transportation Research Board recently published Special
Report 294: The Role of Transit in Emergency Evacuation (2008).
This chapter summarizes the application of TRANSIMS for the non-auto based evacuation
component of the microscale simulation in New Orleans as well as the results that were gained
from it. The data in this chapter was drawn from The New Orleans 2007 City Assisted
Evacuation Plan (CAEP) and interviews conducted with emergency management and
transportation officials in New Orleans, Jefferson Parish and the Louisiana Department of
Transportation and Development (DOTD). This research also involved information gained from
a recent tabletop exercise on low-mobility evacuation planning conducted by the Center for
Hazard Assessment, Response and Technology (CHART) at the University of New Orleans in
November 2007. At this meeting, government representatives from the DOTD and parish
government from across the New Orleans region met with university researchers and non-profits
that deal with special needs groups to discuss assumptions and obstacles for low-mobility
populations.
Although it is important to note that none of the assumptions and plans presented in this chapter
have never been tested during an actual evacuation, they nonetheless represent the best set of
assumptions based on current plans, philosophies, and judgments from professionals engaged in

Page 64

New Orleans Evacuation TRANSIMS Study

Draft Final Report

the planning and management of transit-based evacuations.2 Plans at the state and parish level
for car-less populations have only been implemented post-Katrina. The microscale simulation
modeling of existing plans for car-less populations present an innovative approach that should be
of interest to many of the largest regions across the United States, particularly in New York,
Washington, D.C., Baltimore, Philadelphia, Boston, Chicago, and San Francisco, which all had
higher percentages and higher absolute numbers of car-less households compared to the 27%
(130,000 residents) which resided New Orleans in 2000 (Renne 2006).3
Background
Interest in this topic has increased greatly in the wake of two events: the terrorist attacks of
September 11, 2001, in which transit played a major role in the evacuation of Lower Manhattan,
and after Hurricane Katrina, in which the evacuation plans failed to evacuate carless residents
(TRB 2008: Renne et al. 2009). Many studies were published which discuss the lack in the
current evacuation planning to evacuate the disadvantaged population.
The Department of Homeland Security (DHS 2006) reported that few states or urban areas have
adequate planning for carless evacuees and most evacuation planning focuses on evacuation via
privately owned vehicles, ignoring the public transportation system component. Hess and
Gotham (2007) studied counties in rural New York and found that multimodal evacuation
planning is not seriously considered in most evacuation plans. The U.S. Government
Accountability Office (GAO 2006) conducted a national study concerning disadvantaged
population evacuation preparedness. The GAO found that state and local governments are not
adequately prepared for evacuating disadvantaged populations. Finally, Bailey et al. (2007)
surveyed the emergency response and evacuation plans in 20 metropolitan areas with higher than
average proportions of minorities, low income levels, limited English proficiency, and
households without vehicle access. It was found that few agencies had included transportationdisadvantaged population in their emergency plans.
Carless and Special Needs Evacuation Planning in New Orleans, Louisiana
In Louisiana, evacuation planning is a shared responsibility between parish governments and the
state government. At the state level, the Governor‟s Office of Homeland Security & Emergency
Preparedness (GOHSEP) has developed the State of Louisiana Emergency Operations Plan of 2007.
This plan serves to coordinate the activities of multiple state agencies to provide evacuation services
from defined pick-up locations in each of the state‟s 64 parishes. It is the responsibility of each parish
to transport persons needing evacuation assistance to these pick-up locations by implementing Parish
Emergency Operations Plans. In Orleans Parish, the New Orleans Office of Emergency Preparedness
has created The New Orleans City Assisted Evacuation Plan (CAEP) and neighboring Jefferson
Parish created the Publicly Assisted Evacuation Plan. The CAEP is of particular interest due to
Hurricane Katrina. The plan was obviously not implemented, and car-less and special needs people
were given no evacuation transit assistance before the hurricane. The recent form of the CAEP,
currently updated annually, is a major improvement to the City‟s efforts for car-less and special
needs populations.
2

New Orleans implemented the City Assisted Evacuation Plan in September 2008 during Hurricane Gustav. This
study does not model based on the Gustav data, but this should be considered for a future study.
3
The data is drawn from the 2000 U.S. Census.
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Legal and Political Issues with the City Assisted Evacuation Plan
A major constraint of the CAEP is that each year legal agreements need to be updated. In the
Preface of the New Orleans 2007 CAEP, LtCol Sneed stated:
“This plan is applicable for the 2007 calendar year. Many of the agreements that
were made to implement the CAEP are relevant only to the year 2007. The CAEP
must be updated annually to adapt to the evolving demographics, needs, and
available resources to the City. The planning process for each year will begin on
the preceding December 1st. Every component and resource of the CAEP must be
reviewed and updated where necessary (Preface).”
Legal and political constraints prevent government officials from knowing how many buses,
trains, ambulances, and planes will be available for longer than one year at a time. Pick-up
locations, processing nodes, and destinations all may change from year to year. Planning and
testing assumptions is also challenging because the 2007 CAEP was not released until June 1,
2007, the start of hurricane season. Nevertheless, the coding of the car-less and special needs
evacuation plan into TRANSIMS is a useful exercise because it can serve as a tool for decisionmakers to allocate limited resources in the most efficient manner possible during a time of crisis.
Methodology and Results
This section summarizes the application of TRANSIMS for the transit evacuation component of
the microscale simulation of the New Orleans Metropolitan Area. Figure 25 shows the study
methodology as a flowchart.
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1. Transit Evacuation
Plans Data Collection

2. Code the Transit
Evacuation Plans in
TRANSIMS

3. Develop Alternative
Evacuation Scenarios

4. Integrate the Transit-Based
Component with the Auto-Based
Component for both Alternatives

5. Analyzing and Comparing both
Alternatives by the Appropriate
MOEs

Figure 25. Study Methodology

Transit Evacuation Plans Data Collection
Data were drawn from the New Orleans 2007 City Assisted Evacuation Plan (CAEP) and the
Jefferson Parish Publicly Assisted Evacuation Plan.
General Carless Evacuation Plan for the City of New Orleans
 The CAEP for the City of New Orleans estimated that 20,000 people would utilize
transportation services, 14,000 of which are expected to evacuate through the New
Orleans Arena (NOA) on buses provided by the State of Louisiana. The remaining
6,000, which are the senior citizen evacuees, would be evacuated by Amtrak at the Union
Passenger Terminal (UPT).
 In order for people to reach the NOA or UPT, evacuees must first go to one of seventeen
pick-up locations. Of the seventeen locations, four are Senior Center Pick-up Locations
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(SCPLs) and thirteen are General Public Pick-up Locations (GPPLs). Figure 26 shows
Orleans Parish senior and general pick-up locations
RTA would operate over 24 hour period (H54-H30) in order to pick-up people from
GPPLs and SCPLs.

Source: CAEP
Figure 26. Orleans Parish Pick-Up Locations

Tourist Evacuation
 The CAEP states that at any given time, the tourist population of New Orleans ranges
from 5,000 to 50,000 depending on the event that may be occurring. Assuming that a
large percentage of the tourist population can self-evacuate using personally owned
vehicles or rental cars, not more than 20 percent of them would need evacuation
assistance. It was assumed that not more than 10,000 tourists would need evacuation
assistance.
 The CAEP states that tourists would be processed at one of two hotel staging centers
(HSCs), although the location of the HSCs would not be released until 84 to 60 hours
before landfall of tropical storm force winds and RTA would not begin airport runs until
H58. All tourists would be transported from the HSCs to the New Orleans International
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Airport (MSY) where they would be flown out of the region. It is important to note that
MSY would shut down at H12.
For the purposes of this analysis, it was assumed that tourists would be processed at the
NOA.

Jefferson Parish Publicly Assisted Evacuation Plan
 The Jefferson Parish Publicly Assisted Evacuation Plan assumes 10,000 – 15,000 people
are carless, hundreds need medical resources, and thousands would need assistance to
evacuate.
 The Jefferson Parish plan includes three east bank and three west bank bus routes that
pick-up people along the corridors. Figure 27 shows the east bank transit evacuation
routes. Figure 28 shows the west bank transit evacuation routes.
 There would be at least one processing center on each side of the Mississippi River
(referred to as PPP sites). Yenni Building, 1221 Elmwood Park Blvd and Alario Center,
2000 Segnette Boulevard.
 For the purposes of this analysis, it was assumed that 10,000 people would utilize the
service.
 Jefferson parish would activate their evacuation plan at the same time as New Orleans
Parish and over a period of 24 hours.

Source: Jefferson Parish Publicly Assisted Evacuation Plan
Figure 27. Jefferson Parish East Bank Transit Evacuation Routes
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Source: Jefferson Parish Publicly Assisted Evacuation Plan
Figure 28. Jefferson Parish West Bank Transit Evacuation Routes

Coding Transit Evacuation Plans in TRANSIMS
This section presents general and specific assumptions used in coding the TRANSIMS model
with respect to carless populations.

Figure 29 shows a schematic diagram of the coding methodology. The first step was to create the
Highway Network which was required as input to the Transit Network as well as for the creation
of the synthesized population. The second step was to create the synthetic population of
households in the study area using the 2000 US Census aggregated data and the disaggregate
data from the Public Use Microdata Samples (PUMS) as well as land use data to locate
households relative to the transportation network. The third step was to create the Transit
Network for the transit evacuation plans. The synthetic population and the household activity
survey files served as input to the Activity Generator. The Activity Generator assigned activity
pattern to household members and then distributed those activities to activity location and mode
choice, which was transit in this case. The synthetic activity and the Transit Network served as
inputs to the Route Planner which generated travel plans for evacuation trips. Finally, using the
travel plans generated by the Router the Microsimulator simulated the transit movement and its
interaction with the network.
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Note: Steps 1 and 2 were ready from the auto component of the research, so process was started with Step 3.

Figure 29. Coding Methodology

Step 3: Transit Network Conversion
TRANSIMS TransitNet program was used for the transit network conversion purposes. The
transit network development starts with two files: Route_Header file which contains
information about route headways that represent the service level of the routes and
Route_Nodes which contains information about node lists that represent the route paths.
The Route_Header and the Route_Nodes files contain information about the internal transit
routes which are:
 Routes from the seventeen pick-up locations in Orleans Parish to the NOA /UPT
processing centers,
 The six transit routes in Jefferson Parish,
 The tourist evacuation route from the NOA to MSY.
As well as information about the external transit routes out of the dangerous area:
 Three evacuation routes from the NOA processing center. These routes will be
evacuating people to the North, Baton Rouge and the Alexandria areas, and
 Two evacuation routes from each processing centers in Jefferson parish. These routes
will be evacuating people to the North and Baton Rouge.
Route Header Data
The Route_Header

file presents information about the route ID, transit mode which is bus in
our case, and transit headways throughout the day. Table 6.1 shows a sample Route_Header
file. It contains the following fields: ROUTE, NAME, MODE, TTIME, HEADWAY_x, and
OFFSET_x. The “_x” stands for the time period. The day was divided into 6 time periods (0-8,
8-20, 20-24, 24-32, 32-36, and 36-48) for the both the internal and external evacuation routes.
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For the internal evacuation routes only the first three time periods had values and the remaining
got a value of zero to indicate that buses would only run over 24 hour period, as for the external
evacuation routes all time periods had a value except the time period (36-48) indicating that the
external evacuation routes would be running over 36 hours. The hours of the day included in
each time period are defined in the control file for the TransitNet program. Table 8 shows the
assumed headways for all evacuation routes.
ROUTE NAME MODE
OFFSET_1
1
EVA1 BUS
0
2
EVA2 BUS
0
3
EVA3 BUS
0
4
EVA4 BUS
0
5
EVA5 BUS
0

TTIME

HWAY_1 HWAY_2 HWAY_3 HWAY_4 HWAY_5

60
60
10
10
30

30
30
10
10
20

60
60
10
10
30

0
0
0
10
30

0
0
0
10
60

0
0
0
0
0

Table 8. Sample Route_Header File
Plan

Time
Period

Hours

Headway
(min.)

# of Trips

# of Evacuees
Assuming
40
passenger/bus

H54-H46
H46-H34
H34-H30
Total
H54-H46
H46-H34
H34-H30
Total

8
12
4
24
8
12
4
24

60
30
60

8
24
4
36/ pickup location
8
24
8
40/pickup location

36*40=1440/
pickup point
1440*14=20160

H54-H46
H46-H34
H34-H30
Total
H54-H46
H46-H34
H34-H30
H30-H22
H22-H18
Total

8
12
4
36
8
12
4
8
4
36

10
10
10

48
72
24
144/Route
48
72
24
48
24
216

144*40=5760
5760*3=17280

H54-H46
H46-H34
H34-H30
Total

8
12
4
24

60
30
60

8
24
4
36/ pickup point

36*40=1440/
pickup point
1440*8=11520

External (Jeff. Parish)
H54-H46
PPP-shelters
Two
Evacuation H46-H34
Routes
H34-H30
H30-H22
H22-H18
Total

8
12
4
8
4
36

30
20
30
30
60

16
36
8
16
4
80/PPP/Route

80*40=3200
3200*2*2=12800

Internal (NO Parish)
GPPLs-NOA
(14 Routes)

SCPLs - UPT
(four Routes)

External (NO Parish)
NOA-shelters
Three Evacuation
Routes
NOA-MSY
One Route

Internal (Jeff. Parish)
GPPLs-PPP
(three routes for each
PPP)

60
30
30

10
10
10
10
10
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Table 9. Evacuation Routes Headways

The estimated number of evacuees is slightly less than the number provided by the last column in
Table 9; this is to account for the demand variation during the different time periods of the day.
Route Nodes Data
The Route_Nodes

file includes information about the path of each transit route, the travel time
between nodes, and stop locations. Table 10 shows a sample Route_Nodes file. It contains the
following fields: ROUTE, NODE, DWELL, TTIME, and SPEED. The DWELL field defines the
amount of time in seconds that each transit vehicle stops at the node defined by the NODE field.
Assumptions:
Routes followed the shortest path.
The bus routes would only stop at two locations which are at the pick-up locations
and the processing centers.
No other RTA regular buses were assumed to run.
The train route was not considered because it would not affect the traffic conditions
during evacuation.
There was no specific evacuation bus lane because:
if it was considered as the left lane, all the buses would be forced to
evacuate to Baton Rouge or Alexandria, and
if it was considered as the right lane, private vehicles would be prevented
from evacuating to the north and it would affect the on/ off ramp
operation.
The loading and unloading times were assumed to be 1200 seconds.

ROUTE
1
1
1
1
1
1
1
1
1
1
1

NODE
3689
3641
3642
5038
3655
3493
3688
3644
3691
3692
3696

DWELL
1200
0
0
0
0
0
0
0
0
0
0

TTIME
0
0
0
0
0
0
0
0
0
0
0

SPEED
0
0
0
0
0
0
0
0
0
0
0

Table 10. Sample Route_Nodes File
A sample control file for the TransitNet program is shown in appendix A. The file
“TransitNet.ctl” is a text file that can be reviewed and edited using a standard text editor.
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Assumptions:
The program assumes that the first time period starts at midnight and the last time
period ends at midnight.
The values listed in the TRANSIT_TIME_PERIODS represent the breakpoints
between time periods, so time period 1 will cover the time period between 0:00 am
and 8:00 am and will be represented in the Route_Header file by Headway_1 and
so on.
A travel time adjustment factor of 1.25 was used assuming that the traffic conditions
during evacuation would be similar to the rush hour conditions.
Two separate control files were created one for the tourist evacuation route and the
other one for Orleans and Jefferson Parishes, internal and external, evacuation routes.
That is to separate the tourist population from New Orleans population.
TransitNet Results
The TransitNet

program was performed using the following batch file given in the control

directory:
TransitNet.bat

The printout file “TransitNet.prn” was created including warning messages. New data files
were also created and stored in the network directory which are: transit stop, transit route, transit
schedule, and transit driver. Also it will update the highway network files.
Creating ArcView Shape files for the Transit Network

In order to review the synthetic transit network, the TRANSIMS transit network was converted
to a series of ArcView shape files using ArcNet program which enables us to display and edit
the transit network on ArcGIS maps.
The ArcNet Control File

A sample control file for the ArcNet program is shown in appendix A. The file “ArcNet.ctl”
is a text file that can be reviewed and edited using a standard text editor.
Assumptions:
The routes in each direction would be offset from the roadway centerline by 5
meters,
The stops would be offset by 10 meters, and
The activity locations would be offset by 15 meters.
Visualizing the Results
The ArcNet program

was performed using the following batch file included in the control

directory:
ArcNet.bat

The printout file “ArcNet.prn” was created as well as new ArcView shape files which were
stored in the arcview subdirectory of the network directory.
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Shape files were created for the new activity locations and process link files. These files would
display the connections to the transit stops. Also, another two shape files for the transit service
were created: one for transit stops and the other for the transit routes which contains information
from the transit route, schedule, and driver files.
Figure 30 shows Orleans Parish evacuation routes, Figure 31 shows tourist evacuation routes and
Figure 32 shows Jefferson Parish evacuation routes.
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Figure 30. Orleans Parish Transit Evacuation Routes

Figure 31. Tourist Evacuation Route
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Figure 32. Jefferson Parish Transit Evacuation Routes
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Step 4: Activity Generator
TRANSIMS uses the ArcGen program to allocate activity patterns to household members and
then distribute those activities to activity locations and define the travel mode used to travel to
that location.
Input Data Files
The ArcGen program

requires three types of input files:

1- The network files that describe the network such as nodes, links, activity locations,
and parking lots files (output from step 1 and 3).
2- The population files which contain information about the synthetic households and
persons (output from step 2).
3- The survey files that consist of the household activity survey and information about
households and persons in the households.
It is very important here to distinguish between the household and population files in the
survey files (created to describe the households in the activity survey) and the household and
population files in the population files (output from the population synthesizer).
The ActGen program uses household activity survey to define the activity patterns, activity
schedule, and travel modes assigned to each household member in the synthetic population.
Survey Files Preparation

The survey data are presented in four files: a household file (Survey_Household.txt) which
describes the number of persons and vehicles in the household, a population file
(Survey_Population.txt) which consists of a data record for each person in the household;
(these records identify the person‟s age, gender, and work status), an activity file
(Survey_Activity.txt), which includes the sequence of activities carried out by each
household member over the course of a day. The purpose, start time, end time travel mode,
vehicle number, number of passengers, and location is provided for each activity. And survey
weights file (Survey_Weights.txt) which assigns weight for each household type. Sample
survey files are shown in appendix B.
Initial Assumption Made for Creating the Survey Data Files
New Orleans Activity Generator

Since the synthesized population in New Orleans includes all parishes, new TransitNet file
was created which includes all evacuation routes in both Orleans and Jefferson Parishes. Figure
33 shows the transit evacuation routes in New Orleans Metropolitan Area.
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Figure 33. Orleans & Jefferson Evacuation Routes

As long as no household activity survey during evacuation was found, a new evacuation
household activity survey was created.
Activity survey assumptions:
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The households activity survey was composed of 150 households.
The survey was assumed to be conducted over 48 hours.
Separate population and household files were created from the synthesized population
and household files which was created as an output from the population synthesizer. Only
households with zero vehicle ownership were selected.
The demand generation and network loading model followed an S-shape curve which
will be reflected in the synthesized activity file.
Three activities were assumed for each person in the household: home-evacuate-home.
All evacuees will return home by the magic move mode,
Three destinations were assumed to evacuate people from NOA in Orleans parish:
- North
- Baton Rouge
- Alexandria
Two destinations were assumed to evacuate people from the two PPP in Jefferson parish:
- North
- Baton Rouge
Activity purpose in the activity file will be presented as the
following:
- (1) indicating evacuating to the North
- (2) indicating evacuating to the Baton Rouge
- (3) indicating evacuating to the Alexandria
- (4) indicating evacuating to the UPT
Table 11 shows activity survey assumptions used to each activity purpose:
- The assumed time to destination was calculated including the time spent
waiting at the processing centers.
- Instead of creating survey weights file, the percentages for each
destination were considered in the household activity survey file

Destination (Activity
Purpose)
North(1)
Baton Rouge (2)
Alexandria (3)
UPT (4)

Number
of
Evacuees
9,667
9,667
4,667
6,000

Percent
Evacuees
5.65
5.65
2.73
3.51

Assumed Time
to destination
(hr)
7-10
6-8
7-10
2-3

Table 11. Activity Survey Assumptions

If the total number of transit dependent evacuees is 30,000 persons in both Orleans and Jefferson
Parishes and the total number of persons with zero vehicle ownership in New Orleans are
171,124 people (TRANSIMS output), then the assumed percentages for evacuation destinations
were assumed as follows:
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5.65 percent will evacuate to the North (4667 from Orleans Parish and 5000 from
Jefferson Parish out of 30,000).
5.65 percent will evacuate to Baton Rouge (4667 from Orleans Parish and 5000 from
Jefferson Parish out of 30,000).
2.73 percent will evacuate to Alexandria (4667 from Orleans Parish out of 30,000)
3.51 percent will evacuate to the UPT (6000 senior evacuees from Orleans Parish out
of 30,000)
The remaining 82.46 percent will be evacuating with friends, neighbors and relatives
or they will stay at home.
Households with zero vehicle ownership, who were expected to represent transit
evacuees, were randomly selected from the synthesized population which was an
output of the population synthesizer, and one household with one vehicle owned was
selected to represent the remaining population.
An additional column TYPE in the survey household file was created to help in
household matching. Type (1) households represented carless evacuees with age less
than 65 and type (2) households represented senior households who have to evacuate
to the UPT.
Tourist Activity Generator

Since the tourist population is not part of synthesized New Orleans population, separate
population files representing 10,000 persons were created. The household ID‟s started at
6,000,000 so it would not interfere with the household ID‟s in New Orleans.
Activity survey assumptions:
The survey was composed of 40 households representing the
evacuation behavior of the created 10,000 tourist population,
Each person activity starts at home and ends at home (homeevacuate-home),
All tourists home was assumed to be NOA,
All tourist destinations were MSY,
The assumed time to destination was 3 hrs, taking into account any
congestion or delay that might occur,
All tourist will return home by the magic move mode,
The survey was created over 48 hrs, and
Each household is composed of just one person for simplicity.
Household Matching

A household type script was used to match the synthetic households to the survey households.
Activities for each person in the survey household were copied to the appropriate person in the
synthetic household.
New Orleans Household Matching

Two variables were used in creating household type script: vehicle ownership and edge. Table 12
shows Orleans Parish household matching script.
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IF (Household.VEH==0) THEN
IF (Household.P65<=0) THEN
RETURN (1)
ELSE
PROB1 = RANDOM ()
IF (PROB1 >= COND1) THEN
RETURN (2)
ELSE
RETURN (1)
ENDIF
ENDIF
ELSE
RETURN (3)
ENDIF

Table 12. New Orleans Household Matching Script
Tourist Household Matching

One different household type representing the households owning a private vehicle was provided
in the tourist household matching script. This was done because at least two household types
must be provided as a control key for running the activity generator program. The tourist
household matching script is shown Table 13.

IF (Household.VEH==0) THEN
RETURN (1)
ELSE
RETURN (2)
ENDIF

Table 13. Tourist Household Matching Script
Location Choice
New Orleans Location Choice

New attributes representing the North, Baton Rouge, Alexandria, and the UPT station
destinations were added in the Activity_Location_File and each activity location
representing any of these destinations was given a value of 1 (equal weight). In this case all
destinations were given the same weights.
Location choice scripts were created for each destination. A sample location choice script is
shown in Table 14.
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IF (Tour.DISTANCE1 == 0) THEN
RETURN (0)
ENDIF
Tour.UTILITY = Location.N
RETURN (1)

Table 14. North Location Choice Scripts
Tourist Location Choice

New

attributes

representing MSY for the tourist evacuation was added in the
and was given a value of 1. Table 15 shows MSY location choice
script for all tourists.
Activity_Location_File

IF (Tour.DISTANCE1 == 0) THEN
RETURN (0)
ENDIF
Tour.UTILITY = Location.AP
RETURN (1)

Table 15. MSY Location Choice Scripts

The ActGen Control File

A sample control file for the ActGen program is shown in appendix A. The file “ActGen.ctl”
is a text file that can be reviewed and edited using a standard text editor.
Assumptions:
Four activity generation models were included for the four evacuation
destinations in New Orleans activity generation control file.
One activity generation models was included in the tourist activity generation
control file.
All models used for serving passengers with no schedule constraints.
Three modes of transportation were considered: walk, bus, and magic move.
The average travel speeds were 1.0, 15.0, and 10.0 m/s for each of the
corresponding travel modes.
The additional travel times were assumed 900, 1800, and 1800 meters for
each of the corresponding travel modes.
The distance is the absolute difference of X and Y coordinates.
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The following equation was used by the program to determine the travel
time:
Travel Time = Distance/ Average Travel Speed + Additional Travel Time
6Program Execution
The ActGen program

was performed using the following batch file included in the control

directory:
ActGen.bat

The printout file “ActGen.prn” was created besides new activity file in the activity folder.
Three reports were requested to summarize the results of the household type model:
ACTGEN_REPORT_1
ACTGEN_REPORT_2
ACTGEN_REPORT_3

HOUSEHOLD_TYPE_SCRIPT
HOUSEHOLD_TYPE_SUMMARY
SURVEY_TYPE_SUMMARY

The end of the printout summarizes the household match problems. Because the household
match problems were significant in New Orleans, more households in our activity survey files
were added in order to match more households in the synthetic households ending up with 914
households 675 representing type (1) households and 239 representing type (2) households.
Results
New Orleans ActGen Results

Figure 34 shows the demand generation and network loading model generated by TRANSIMS. It
can be seen that evacuation response curve followed an S-shape which was controlled by the
headways in the TransitNet program and the evacuation activity time distribution in the
activity file in the ArcGen program.
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Figure 34. New Orleans Evacuation Response Curve Created by TRANSIMS
Tourist ActGen Results

Figure 35 shows the demand generation and network loading model generated by TRANSIMS. It
can be seen that it is almost straight line because of the equal headways assumed in the
TransitNet program and the equal time distribution of the tourist evacuation controlled by the
ArcGen program.
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Figure 35. Tourist Evacuation Response Curve Created by TRANSIMS
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Step 5: The Router
In TRANSIMS, the Router creates travel paths called plans for the synthesized household
activities created by the ActGen program. It creates paths with minimum impedance between
origin & destination (one activity location to another) based on the travel conditions at the
specific time of the day. The results are stored in the output plan file.
Input Data Files

The following input files are required by the Router to build multimodal paths:





Highway network (nodes, links, lane connectivity, activity locations, process links, and
parking files),
Transit network (transit stops, transit routes, and transit schedule files),
Activity files which define the start time, end time, and locations of the activities a
traveler is engaged in over the course of the day which reflects the travel demand by
time, and
Vehicles file (availability and location).

Router Control File

A sample control file for the Router program is shown in appendix A. The file “Router.ctl”
is a text file that can be reviewed and edited using a standard text editor.
The Router control file describes a variety of parameters that control the path-building
procedure in TRANSIMS.
Assumptions:






The impedance for each link is determined by the weighted walking time, waiting time,
in-vehicle-travel time, and transfer time.
The time spent walking is assigned 90.0 impedance units per second.
The waiting time at the first transit boarding is assigned 20.0 impedance units per second.
The waiting time at subsequent transit boarding locations is assigned 60.0 impedance
units per second.
Time spent in transit vehicles is valued at 15.0 impedance units per second.
In addition, each trip must include:
 no more than 3000 meters of walking,
 no more than 180 minutes of waiting for any given bus, and
 no more than one transfer.

Program Execution
The Router program

was performed using the following batch file included in the control

directory:
Router.bat
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The printout file “Router.prn” was created besides a plan file and a problem file. The plan file
included a separate set of records for each mode specific leg of the trip for each person in each
household. The problem file included travelers who could not be routed.

Results
New Orleans Router Results

Number of output plans was 281629. Some of the plans included one activity: staying at home,
five activities: stay at home, walk to bus stop, ride the bus, walk to activity location and finally
come back home by magic move, or eight activities: stay at home, walk to bus stop, ride the bus,
walk to bus stop, ride the bus, walk to activity location, stay at the destination location and
finally come back home by the magic move.
Number of output travelers was 97870 which include the people preferring to stay at home.
Number of output trips was 31465
Total number of problems was 5384 one of them was time schedule problem and the remaining
were walk distance problems.
Tourist Router Results

Number of output plans was 70007 which include seven activities for each person: stay at the
original activity location (NOA), walk to the bus stop, ride the bus to their destination (MSY),
walk to the activity location, stay at their destination and come back to their original location by
the magic move, and finally stay at their origin again. Table 16 shows the tourist plan file.
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200000001 0 1 1
0 8106 1 8106 1
105778 105778 1 0 0
04
0
200000001 0 2 1
105778 8106 1 1 3
5 105783 1 0 750
02
0
200000001 0 2 2
105783 1 3 4 3
2777 108560 1 0 27770
01
1
19
200000001 0 2 3
108560 4 3 8109 1
5 108565 1 0 750
02
0
200000001 0 3 1
108565 8109 1 8109 1
49080 157645 1 0 0
04
0
200000001 0 4 1
157645 8109 1 8106 1
4297 161942 1 0 1
06
1
2
200000001 0 5 1
161942 8106 1 8106 1
3658 165600 1 0 0
04
0

Table 16. Seven Leg Plan Example
Number of output travelers was 10001
Number of output trips was 10001

Step 6: Traffic Microsimulator
At this stage the Microsimulator simulated the transit movement and its interaction with the
network using the travel plans generated by the Router.
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Input Data Files





Network files (highway and the transit network),
Time-sorted plan file,
Vehicle file (describes the location of each vehicle on the network).

The travel plans that are required by the Microsimulator needed to be sorted by time of day.
In order to sort the plan file, PlanPrep program was used.
PlanPrep program

A sample control file for the PlanPrep program is provided in appendix A. This file is a text
file that can be reviewed and edited using a standard text editor.
The PlanPrep program can be executed using the following batch file:
PlanPrep.bat

A printout file, “PlanPrep.prn,” and a new sorted plan file, “TimePlans,” were created
by the process. The sorted plan file could then be used for the Microsimulator process.
Microsimulator Control File

A sample control file for the Microsimulator program is shown in appendix A. The file is a
text file that can be reviewed and edited using a standard text editor. It was used to simulate the
sorted plan file.
Assumptions:









The default value for CELL_SIZE is 7.5 meters,
The default value for TIME_STEPS_PER_SECOND is 1 second,
The simulation starts at time 0:00 (i.e., midnight) and ends at 50:00 (i.e., 2:00 AM).
The MAXIMUM_WAITING_TIME value of 180, which indicates that vehicles
remaining in the same cell for more than 180 minutes will be removed from the
simulation,
Both
the
MAX_DEPARTURE_TIME_VARIANCE
and
the
MAX_ARRIVAL_TIME_VARIANCE keys have values of 180, indicating that any
vehicle that is unable to be loaded to the network within 180 minutes after its scheduled
departure time or that has not completed its trip within 180 minutes after its scheduled
arrival time will be removed from the network.
The PLAN_FOLLOWING_DISTANCE key is set to 525 meters, which controls lanechanging behavior of vehicles before turning.
The
three
look-ahead
parameters
(LOOK_AHEAD_TIME_FACTOR,
LOOK_AHEAD_LANE_FACTOR, and LOOK_AHEAD_DISTANCE) control
optional lane changing. In this simulation, the traveler will look ahead 260 meters and
will value 4 seconds of travel time saved as comparable to one lane change maneuver.
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The minimum car following distance is equal to the distance that that a vehicle can travel
in 0.7 seconds at the current speed. This is controlled by the
DRIVER_REACTION_TIME key.

6Program Execution
The Microsimulator

program was performed using the following batch file included in the

control directory:
Microsimulator.bat

The printout “Microsimulator.prn” file was created, as will be the Snapshot, Link
Delay, Performance, Ridership and Problem files.
Results
New Orleans Ridership Results:

After several iterations between the Microsimulator and the TransitNet and ActGen in
order to improve the departure times and transit headways we ended up with the following
problems:
Number of travelers with problems=8168
Most of problems were walk distance problems because:
 Only Orleans and Jefferson parishes have carless evacuation plans and the synthesized
population included all parishes.
 The logic within TRANSIMS, which requires evacuees to walk towards their destination
to find a bus stop, rather than walking towards the nearest bus stop.
In order to account for the second cause of the walk distance problem, more bus stops were
created in a radius of 3000 meters of the original bus stop (working as catchment areas for each
bus stop). This improved the results just in Orleans Parish because the transit-dependent
population concentration in Orleans Parish is much higher than in Jefferson Parish, so even with
the high number of travelers with problems, there are still travelers to cover the required number
of evacuees for the simulation purposes.
One of the microsimulator outputs is the transit ridership. Figure 36 & Figure 37show the
TRANSIMS transit ridership compared to the required ridership for Orleans & Jefferson
parishes.
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Figure 36. Transit Ridership/ Orleans Parish
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Figure 37. Transit Ridership/ Jefferson Parish
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Tourist Ridership Results:

The Microsimulator print out file had indicated that:
Number of travelers with problems = 0
Figure 38 shows the TRANSIMS transit ridership compared to the required ridership for the
tourists evacuation.

Figure 38. Tourist Transit Ridership
It was observed that TRANSIMS estimated the transit ridership for the tourist evacuation
accurately, that is expected because tourists were inserted at the NOA as their origin activity
location (home) and therefore did not have to walk to the bus stop.
Estimated Number of Buses
The Ridership file also

provides information on number of runs for each bus route. At this
stage an estimation of number of buses needed could be done only for the external evacuation
routes.
Table 17 shows the estimated number of buses needed for evacuation.
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Orleans Parish/ Round Trips
NOA-MSY

39
Orleans Parish/ One-way Trips

NOA-N
NOA-BR
NOA-AL

121
114
88
Table 17. Estimated Number of Buses

Conclusion
The output from the TRANSIMS model provides useful results. Some of the key findings were:
As noted in table 6.10, the evacuation response followed an S-shape curve which was
based on the bus schedules and coding within TRANSIMS. 100 percent of the
population evacuated within 20 – 21 hours.
The router found that 32 percent (31,465 of the 97,870 output travelers) were able to
evacuate using transit.
Most of the problems accessing the transit-based evacuation were walk distance problems
to local collector bus stops.
The tourist evacuation component estimated transit ridership accurately because it was
assumed that all tourists would have direct access to the New Orleans Arena, which is the
location where tourists get transported by bus directly to the airport.
The number of bus trips (39 round trips for the tourist evacuation, 121 one-way trips from
New Orleans to the north, 114 one-way trips to Baton Rouge, and 88 one-way trips to
Alexandria) seem like a reasonable prediction.
When this study began, the team based the analysis on 2007 evacuation plans and unknown
estimates about the number and percentage of residents and tourists that would utilize an assisted
evacuation. In September 2008, the City of New Orleans, Jefferson Parish and the State of
Louisiana implemented the first publicly assisted evacuation in Louisiana, which was arguably
one of the largest in U.S. history. Unfortunately, the data in this study were not calibrated based
on the Gustav evidence. It is recommended that a future study calibrate and compare results
from TRANSIMS as compared to the records from Gustav. Moreover, the TRANSIMS model
should be used for sensitivity testing as well as examining how changes in transit service and
route selection improve not only the flow of car-less and special needs evacuees but also those
evacuating in cars.
Finally, the transit module in TRANSIMS could be used to test policy scenarios, such as
providing incentives for people to shelter in certain locations, such as secure hospitals and
schools, or to test the feasibility of encouraging regular folks to leave their cars at home and
evacuate via transit for the option of designating certain routes as bus-only evacuation corridors.
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Chapter 6. Model Calibration and Validation

It is recognized that even when the most well researched and detailed data are used for the
development of simulation models, they have the potential to yield unrealistic or ineffective
results. This can be particularly true in traffic simulation where volume, driver behavior, vehicle
mix, traffic and environmental conditions can vary significantly at different times and locations.
To account for these conditions efforts must be made to adjust and adapt modeling processes and
assumptions so that they are able to more accurately reproduce the desired output and/or aspects
of reality sought for the analysis.
Thus, a critical requirement in the development of any simulation model is a validation of the
output results. Validation helps to ensure, or at least increase the level of validity to create
results with adequate levels of accuracy because the output results of a model reasonably match
those the desired essence of the actual system that is being modeled. A validated model also
gives a base point from which to make change and assess modifications to the system. In such
an arrangement the theory is that once a model is able to reliable model to reproduce the desired
essence reality in the base case, then any different outcomes that result from modifications to the
system can logically be assumed to be a consequence of the changes. While it is virtually
impossible for any simulation model to fully represent all aspects of an actual system, it is
possible to quantify and characterize the relative accuracy of the primary measures that are
attempting to be modeled.
One of the key requirements that can make simulation validation difficult is acquiring a suitable
baseline data set to which to match. The modeling effort in this project benefitted enormously
from the fact that a regional traffic volume data set existed for the entire period of the 2005
Hurricane Katrina evacuation. Although it would have been helpful to have additional data on
individual vehicle speeds and time/space headways, the LA DOTD traffic volume data set
represents one of the few comprehensive data sets ever recorded for an evacuation. Thus, the
overall goal of the validation process of this project was to match, to the greatest degree possible,
the traffic volume at the same times and locations as the actual traffic recorded during the
Katrina evacuation.
The following sections of this chapter summarize the various data sources and methods used in
the validation process as well as the results gained from them. This chapter also includes a
detailed description of the statistical processes that were used and the results that were gained
from them.
Data Sources
The validation process of the TRANSIMS New Orleans hurricane evacuation traffic model was
based solely on traffic volume data. While it has been suggested that other validation measures
of effectiveness (MOE) like vehicle speeds, headways, occupancies, etc. could also be used none
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of these parameters were available as output from the LA DOTD data acquisition system at the
time of the evacuation. As a result, the basic goal of the validation was to have the modeled
traffic patterns reproduce traffic patterns observed during the Katrina evacuation of 2005.
The traffic volume data used as the basis of this study was collected by the Louisiana
Department of Transportation and Development (LA DOTD) Office of Planning and
Programming as part of their statewide traffic data collection program. The objective of the
program is to continuously record traffic volumes for the long-term monitoring of traffic trends
on a statewide level. The data are used primarily for aggregate-level planning and trend
analyses. However, they can also be extracted more frequently and compiled for the assessment
of traffic conditions associated with particular events; such as in this case, the evacuation for
Hurricane Katrina.
As part of the LA DOTD monitoring program, traffic volumes are collected on a routine basis
using a network of 82 permanent count stations located on various roads across the state. These
automated recorders are arranged to provide a representative sample of traffic on all road
classifications (freeway, arterial, collector, etc.) across the non-urbanized and urbanized regions
of the state. During August 2005, 67 of the 82 LA DOTD data recorders were in operation. Of
these, 16 of the stations were located on Interstate (I) Freeways, 22 were on US Highways, and
the remaining 29 were on Louisiana State Highway (LA) system roads.
For this study, data from traffic recording stations located on the major outbound evacuation
routes from the New Orleans metropolitan areas was used for comparison. The approximate
location of these stations was illustrated previously in Figure 24. LA DOTD New Orleans Area
Data Collection Stations of Chapter 3. These stations were selected because they were the
stations that monitored output routes in the New Orleans area while limiting the potential
inclusion of local (i.e., non-evacuation specific) traffic. Several of them were also located near,
or in the case of Station 42 – directly on, the contraflow segments.
Of the eight stations, five were on freeways. Stations 42 and 15 were on I-55 about 20 miles
from the Mississippi border, Station 54 was on I-10 in LaPlace immediately after the I-10
contraflow termination, and Station 67 was on eastbound I-10 within a few miles of the
Mississippi border. Data from a Mississippi Department of Transportation counter station
located just over border on I-59 was also included in the study. The other three stations were
located on four-lane divided US-highways. Station 27 was on US-61 in LaPlace parallel to I-10
and near Station 54, Station 88 was located on US-90 the southwest-bound route out of the metro
area, and Station 18 was on westbound US-190 parallel to I-12 heading into Baton Rouge.
It should also be noted that although there were other stations within the study area, data from
them were not used for direct comparison. This was because they likely included local traffic
that was not part of the New Orleans evacuation. However, data from some of them were used
to discern directional travel patterns as traffic split from upstream routes. An example of this
was the data from Station 67 on I-10 near the Louisiana-Mississippi state line. Because of the
traffic routing restrictions in place during the evacuation, all westbound traffic at this location
actually ended up being routed north on I-59 back into Mississippi only a few miles into
Louisiana. This would have been reflected in an increased the volume at the MDOT I-59 station.
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As a result these additional trips had to be subtracted from the northbound I-59 total to reflect the
“New Orleans-only” traffic volume.
The LADOTD data used for the validation encompassed a 48 hour period from 12:00am
Saturday, August 27th through 12:00am Monday August 29th. During this period, the hourly
traffic volumes fluctuated at various times. However, the cumulative volume trend, aggregated
for all seven stations, resulted in the characteristic Double-S cumulative distribution curve. The
observed traffic volumes are also shown in tabular form in Table 18. It should be noted that the
shaded areas of Table 18 are used to designate the time period during which contraflow traffic
operations were used on sections of area freeways.

Table 18. LADOTD Data Station Observed Evacuation Volume
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Procedure
The calibration and validation procedure used in this project involved an iterative process. The
primary task involved model execution (including running the Router 24 times) then comparing
the output volumes to the corresponding observed values. Based on the relative match of the
volumes, adjustments were then made to TRANSIMS run control settings to induce a movement
of traffic to or away from routes that tended to be under or over utilized. At various time other
run control adjustment factors were also used to influence how much evacuation volume was
generated, when the trips departed their origins, and where it originated from.
The goal of the validation process was to match the TRANSIMS generated traffic volumes to
those observed during the Katrina evacuation. The volumes were collected on an hourly basis by
a network of automated data stations located key roadway segments. Based on this data it was
possible to perform comparisons on a spatial and temporal level. To further achieve a realistic
simulation, the spatio-temporal progression of volume from the TRANSIMS was compared to
the observed evacuation volumes prior to hurricane Katrina. More simply, to achieve validity,
the modeled traffic volumes were required to be at the same time and the place as traffic
observed during the Katrina evacuation. Thus, one of the key pieces of data was traffic counts
from the Katrina evacuation.
It is important to recognize that calibration and validation of regional scale evacuation models
have several key issues that can affect the correlation of observed and model data sets. The first
is the effect of ambient traffic. In this study it was found that the data from the LA DOTD count
stations typically showed higher volumes because many other areas were evacuating in addition
to New Orleans. In the simulated data, only the New Orleans area was assumed to be generating
traffic. The other was the effect of normal daily traffic in areas that were not participating in the
evacuation, but was in an area where the model generated evacuation traffic was passing
through. Because of these conditions it was difficult to precisely replicate the hourly volumes of
the LA DOTD count stations at all times.
However, for the purpose of the validation it was critical to select an appropriate statistic to
compare the hourly volumes. Initially several statistics were considered and all but one rejected.
These included the following:
Percentage Error: Analysis performed utilizing percent errors are found to be sensitive to
the level of the observed values. This implies that for low observed value the error
percentages are much more sensitive than at higher observed values. For example if the
observed value is 1 and the estimated value is 2 the error percentage is 100 percent, which is
an over exaggeration of the errors. Therefore the objective should be to ensure that error
percentages at higher volumes are within an acceptable range (congested regimes), since
errors in low volumes do not affect the operations in general. Usually errors in the range of 510 percent are considered good and less than 25 percent (Brockfeld et al. (2004).
T-test: A t-test assumes that the observations are obtained from an identically and
independently distribution (iid). In the case of a single observation time series data, each
observation in the data does not belong to an iid. Therefore a t-test cannot be performed on a
time series data between an observed and a simulated data.
U-statistic: Theil‟s U-statistic is the measure that compares the time series data between the
observed and simulated. Though the model is able to capture the autocorrelation in the
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comparison, it is extremely sensitive to differences. The U-statistic should be performed
when a microscopic analysis is performed on a single facility and a high level of accuracy is
required in temporal changes. In a regional scale evacuation model, such high resolution
temporal validation is not essential. Since this level of detail is extremely hard to achieve at a
regional scale, and it is only of value to know the clearance time, and the total evacuees that
have evacuated. Validation with U-statistic would be extremely time consuming and not very
useful for regional evacuation models.
Regression: The regression analysis between the observed and predicted value, does not
make assumptions regarding the distributions of the observed or simulated values. The
performance of the model is evaluated based on the R-squared value of the regression line y
= x between the observed and simulated hourly volumes. The higher the value of R-squared
the better the performance of the model. A regression analysis was performed on the
cumulative volumes as well as the hourly volumes between the observed and simulated
volumes.
It was of interest to compare the cumulative volumes, since in evacuation it is critical to describe
the total number of people that have evacuated, therefore for the purpose of this study validation
based on cumulative volume was considered to be sufficient. Validation based on cumulative
volume also is able to validate for delays (cumulative arrivals are the same). As an added
exercise a regression between the hourly observed and simulated volumes were considered to
understand performance of simulation at an hourly level.
Results
The section compares the relationship between speed-flow at one location along I-10 and the
spatio-temporal evolution of volumes between the observed traffic characteristics on the field
and the results from the TRANSIMS simulation.
General Speed Flow Relationships
During the evacuation for Hurricane Katrina, speed-volume data was available only on
Westbound I-10 at Loyola Drive interchange in the western suburbs of New Orleans. This
location is downstream of the loading points to westbound I-10 contraflow lanes and just prior to
the contraflow cross over that was used for the Ivan evacuation in 2004, but not for Katrina in
2005. The data were collected from an Autoscope video detection system that was installed as
part of a temporary demonstration project. These data were used as part of this project to
compare the travel speeds simulated by TRANSIMS with those actually recorded during the
Katrina evacuation.
Figure 15 shows a graphical of the relationship of traffic speed and volume at this location
during the 48 hour evacuation period. In addition to the TRANSIMS output data and DOTD
observed data, average hourly speed and volume data for the four weeks that preceded the
August 2005 evacuation are also included. Using these speed-flow relationships it was found
that the traffic conditions tended to reflect free flow conditions during an average day. During
evacuation it was found that the excessive demand caused operations at this location to degrade
into the congested flow regime. A comparison of the field data to the simulation data during the
evacuation period shows that the free flow speeds on westbound I-10 at Loyola in the field data
(~65 mph) was approximately 10 mph higher as compared to the simulation data (~55 mph)..
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The possible cause for this difference is due to the fact that TRANSIMS assumes the free flow
speeds equal to the speed limit. It was also apparent that the speed-flow relationships from the
simulation data had a smoother transition than that seen during the transition under actual field
conditions. This can be attributed to the lower free flow speed. The shockwave effects are more
profound at higher speeds since vehicles need to decelerate more suddenly.

Figure 39. Speed and Volume Trend Comparisons

The TRANSIMS estimated speeds in the congested regime were reasonably close to the field
data. This can be observed in Figure 39, where the congested regime observed in the field
coincides fairly well with the simulated data. Even despite error in free flow speeds the capacity
observed in the field (~3,500 vehicles per hour) was comparable to the capacity observed in the
simulated environment (~ 3,400 vehicles per hour) an error of around 3 percent. This was a
promising finding since it implied that the capacity was not very sensitive to the free flow
speeds. Therefore, it might not be needed to calibrate for free flow speeds.
Comparison of Volumes
Vehicle counts from stations on various routes specified in Table 18 were used to evaluate the
performance of TRANSIMS in modeling evacuating traffic. The observed volumes from the LA
DOTD data, the simulated volumes from TRANSIMS and the errors in estimation at these
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stations are shown in Error! Reference source not found.a through 2c, Error! Reference
source not found., Table 23 and Error! Reference source not found. (for the westbound,
eastbound, northbound and southbound routes, respectively). The analysis begins with
comparing aggregate volumes and breaks down the comparison to the level of volumes on each
route at each hour.
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Table 19.Westbound Traffic
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Table 20. Westbound Traffic
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Table 21. Westbound Traffic
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Table 22. Eastbound Routes
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Table 23. Northbound Routes
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Table 24. Southbound Routes
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A comparison of observed volumes to the TRANSIMS generated volumes based on direction of
evacuation is include in Error! Reference source not found.. The table shows that the percent
error ranged from 1.58 to 9.04 percent, these error percentages were found to be below than the
limits of acceptability of 25 percent as used in a similar prior calibration study Brockfeld et al.
(2004). Therefore, it was concluded that the routing assignment of traffic generated with
TRANSIMS b was generally consistent with that observed in the field.

Table 25. Number of Evacuees based on direction of evacuation choice

Data Analysis
The temporal distribution of the observed counts and simulated traffic volumes at the data
recording locations are illustrated in Figure 40a through Figure 40d. In these figures the
observed counts are represented by the blue lines and the traffic generated by TRANSIMS in
represented by the red lines for the full 48 hour evacuation simulation period. The westbound
routes (I-10 westbound - Station 54, US-61 westbound - Station 27 and US-190 westbound Station 18 are shown in Figure 40 a through d, Error! Reference source not found. a through d,
and Error! Reference source not found. a through d, respectively.
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Figure 40a. Comparison of Observed and Simulated Volumes - I-10 (WB) @ Laplace

Figure 40b. Comparison of cumulative volumes - I-10 (WB) @ Laplace
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Figure 40a and Figure 40b show that TRANSIMS tended to overestimate the volume toward the
end of the evacuation period (as circled in green) on this route. It was also apparent that the
TRANSIMS simulation was not able to effectively capture sudden changes in demand that were
recorded during the evacuation. These areas are circled in red. A potential reason for these
discrepancies has been hypothesized and will be explained later in this chapter.
A comparison of the cumulative volume between the simulation and observed values is shown in
Figure 40c. This figure suggests that the y = x line has an acceptable fit with an R-squared value
of 0.9781. This suggested that the TRANSIMS model performed reasonably well in estimating
the cumulative volumes.

Figure 40c. Regression Comparison of Volumes - I-10 (WB) @ Laplace
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Figure 40d: Regression Comparison of Volumes - I-10 (WB) @ Laplace

A comparison of the hourly volumes between the observed and simulation volumes is included
in Figure 40d. Here the figure showed a poorer fit between the observed and simulated data with
an R-square of 0.2274. Much of this error appears to be due to the large discrepancies in the two
volume data sets at the end of the evacuation period. This is supported by a separate comparison
of the y = x line, with only the first 42 hours for the hourly volumes. In this comparison the
difference between the observed and simulated volumes revealed an R-squared value of 0.7356.
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Figure 41a: Comparison of Volumes - US-61 (WB) @ Laplace

Figure 41b: Comparison of Volumes - US-61 (WB) @ Laplace

As highlighted with a green circle, Figure 41a and Figure 41b also show that TRANSIMS tended
to overestimate the volume toward the end of the evacuation period on this route. Similar to the
earlier finding the areas of the trend lines that are circled in red once again suggest that the
TRANSIMS simulation was not able to capture sudden changes in demand the were observed in
the field data. A comparison of the cumulative volume between the simulation and observed
values in Figure 41c indicated that the y = x line had a reasonably close fit of the two data sets
with an R-squared value of 0.9118.

Figure 41c: Comparison of Cumulative Volumes - US-61 (WB) @ Laplace
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Figure 41d: Regression Comparison of Volumes - US-61 (WB) @ Laplace

Figure 41d includes a comparison between the hourly volumes recorded by the LA DOTD data
collector and simulated volumes produced by TRANSIMS. The results show a poor fit as
evidenced by the low R-squared value of 0.1859. Once again these large discrepancies were
attributed to the large differences toward the end of the evacuation period. This consistent trend
in the westbound data will be explained later. In a separate comparison using the y = x line for
only for the first 42 hours of the evacuation period, there was a colder match between the
observed and simulated volumes with an R-squared value of 0.7349.
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Figure 42: Comparison of Volumes - US-190 (WB) @ Denham Springs

Table 26. Error Percentage between at 8 hour intervals for Westbound Routes

In Table 26 shows that the error estimations at Station 18 on westbound US 190 are close to 100
percent. These large errors can also be seen in Figure 42. These findings suggested the need to
investigate the cause for such a discrepancy. The average volumes on a normal day were plotted
on the same graph as that of the volumes observed during the evacuation period of Katrina in
Figure 43. In the figure it was noted that the volumes observed during the evacuation period
were not significantly different from the average volume observed in the previous three weeks.
This was interesting indicating that there were no evacuating vehicles using this route.
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Figure 43. Comparison of Traffic - US 190 (WB) @ Denham Springs

Although the observed volumes on US-190 were used to determine the total evacuating demand,
it was interesting to note that very few evacuees actually chose this particular route. These excess
vehicles also resulted in high volumes predictions later in the simulation. This peak of excess
vehicles can be observed in Figure 40a, Figure 41a and Figure 44, while it can be observed that
almost no volumes were predicted by TRANSIMS on US-190 in Figure 42.
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Figure 44. Comparison of Total Westbound Traffic

It should be noted that the total volume predicted by TRANSIMS and the actual volumes
observed in Table 26 were relatively close despite the unintentional inclusion of volume on US190 as the evacuating traffic. It is theorized that TRANSIMS internally distributed traffic on
routes that would be realistically utilized. This unintentional error demonstrates the apparent
robustness of TRANSIMS to accommodate high volumes and predict realistic values. If such
high demands actually did exist vehicles would have been expected to travel on these routes
closer to the end of the evacuation time frame.
The percentage error at the Eastbound on I-59 NB (LA DOTD Data Station 67) is included in
Table.27. For temporal volumes aggregated over every 8 hours, the data suggest that there were
significant errors (approximately between -36 percent and -56 percent). This can be attributed to
the low volumes at these locations during the 15 hour time period between Hours 16 and 31.
During this time the volumes range from 222 to 1,120 vehicles per hour which is much lower
than the assumed capacity of this segment. As noted previously fluctuations at low volumes tend
become over exaggerated on a purely percentage basis.
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Table.27. Error Percentage for Eastbound Routes at Station 67

Similar to the findings on the westbound routes, Figure 45a and Figure 45b also show that the
TRANSIMS simulation tended not to capture sudden changes in demand as highlighted by the
areas circled in red. In Figure 45a the highest peak is also higher for the LADOTD observed
volumes as compared to the simulated volumes.

Figure 45a: Comparison of Volumes - I-59 (NB) @ LA/MS Border
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Figure 45b: Comparison of Cumulative Volumes - I-59 (NB) @ LA/MS Border

Figure 45c. Regression Comparison of Volumes - I-59 (NB) @ LA/MS Border
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Figure 45c shows a comparison of the cumulative volume between the simulation and observed
volumes. The y = x line suggests a reasonable acceptable fit of the two data sets with an Rsquared value of 0.9748.

Figure 45d: Comparison of Volumes - I-59 (NB) @ LA/MS Border

A comparison of the hourly volumes between the observed and simulation volumes is shown
Figure 45d. The data associated with this figure suggested a reasonable correspondence between
the two data sets with an R-squared statistic of 0.7652. At Station 15 on northbound I-55, the
errors were concluded to be within the range of acceptability (~25 percent). However, as shown
in Table 28, the volumes during the first eight hours were lower than the observed volumes.
This tended to result in the overall percentage errors being over exaggerated.

Table 28. Error Percentage at 8hour intervals for Northbound Route at Station 15

As indicated by the areas circled in red in Figure 46a and Figure 46b, the TRANSIMS simulation
was not able to capture sudden changes in demand well. In Figure 46a the highest peak was also
higher for the LADOTD observed volumes as compared to the simulated volumes.

Figure 46a. Comparison of Volumes on I-55 (NB) @ Fluker

Page 118

New Orleans Evacuation TRANSIMS Study

Draft Final Report

Figure 46b: Comparison of Cumulative Volumes on I-55 (NB) @ Fluker

Figure 46c. Regression Comparison of Cumulative Volumes - I-55 (NB) @ Fluker
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A comparison of the cumulative volume between the simulation and observed values in Figure
46c shows that the y = x line had reasonable fit between the two data sets at an R-squared value
of 0.9778.

Figure 46d. Regression Comparison of Hourly volumes - I-55 (NB) @ Fluker

Figure 46d includes a comparison of hourly volumes between the observed and simulation
volumes. This comparison showed an R-squared value of 0.5156. The errors for Station 88 on
southbound US-90 that are included in Table.29 were within the acceptable range (~25 percent),
except during the first eight hours of the simulation. This was the period when the volumes were
generally low and, similar to the previous direction, resulted in the errors being over
exaggerated.
Also similar to earlier findings was hoe Figure 47a and Figure 47b showed that the TRANSIMS
simulation was not able to replicate sudden changes in demand. It was also apparent in Figure
47a that the peak for the LADOTD observed volumes was higher compared to the simulated
volumes.

Table.29. Error Percentage at 8hour intervals for Southbound Route at Station 88

Figure 47a. Comparison of Volumes - US-90 (WB) @ Centerville

Figure 47b: Comparison of Cumulative Volumes - US-90 (WB) @ Centerville
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Figure 47c. Comparison of Cumulative Volumes - US-90 (WB) @ Centerville

Figure 47d. Comparison of Hourly Volumes - US-90 (WB) @ Centerville
The final comparison of volumes in Figure 47c shows that the cumulative volume between the
simulation and observed values indicates that the y = x line had an R-squared correlation value of
0.9928. The comparison of the hourly volumes between the observed and simulation volumes
included in Figure 47d indicated a fit at an R-squared value of 0.6507.
Based on the validation methodology selected for use in this project it was concluded that in
general the TRANSIMS simulation was able to reasonably reproduce the observed results. There
were however areas where the simulation results were showing trends that were inconsistent with
the field observations. These were shown in Figure 45a, Figure 46a, and Figure 47a in which the
highest volume peak was higher for LADOTD data when compared to the TRANSIMS
simulation results. It was hypothesized that this could be happening because the TRANSIMS
router was unable to capture the peaks and troughs inaccurately. Or, perhaps more likely, that
the peaks were caused by the evacuation from the surrounding areas that were included in the
model. For instance on US 90 at Centerville, evacuating traffic from Houma were part of the
LADOTD count data, while in the simulation only New Orleans traffic was considered.
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Chapter 7. Microsimulation Results and Analyses

After validation, the final results of the validated auto-based evacuation microsimulation were
compiled for analysis. The most significant issue that became apparent once the analyses of the
data began was the shear amount of data that was available for review. This should not be
surprising however, given that spatially the evacuation simulation involved over 300,000
vehicles moving within a road network that covered several thousand square miles and
temporally during a period of 48 hours during which output statistics were generated on a
second-by-second basis. To limit the analysis effort to a reasonable and meaningful level, it was
first necessary to determine what parameters of analysis were appropriate for an examination of
the operational conditions, and then find a method of displaying and describing these results on
both a temporal and spatial basis.
In keeping with the fundamental parameters of traffic operational performance, traffic flows and
speeds were the primary measures used to assess the travel conditions during the simulation. In
particular the temporal volume conditions at the six DOTD count stations formed the foundation
of the analysis. In this chapter, an analysis of the data at theses stations is described. The
techniques used for analysis also include both qualitative and quantitative methods. Although
not as numerically detailed as the quantitative analyses, the qualitative assessments were
enormous useful to identify general trends in the data and to help target the more detailed
investigations of the output.
Analysis of Route Segments
As shown in the LA DOTD regional evacuation map in Figure 48, the geography of the New
Orleans region necessitates that two main directions (westbound or eastbound) can be used to
evacuate the metropolitan area. Although the Lake Pontchartrain Causeway provides a
northbound evacuation route (illustrated by red arrows in Figure 2), the volumes it can carry are
comparatively minor relative Interstate 10 and the parallel US Highways.
When contraflow is initiated, the LA DOTD implements the plan shown in Figure 48 for
Interstate freeways and other major highways in southeastern Louisiana. The basic concept that
underlies the plan is to move evacuees out of the levee-protected areas of the metro area to the
north and west of the city as efficiently as possible. Historically, eastward movements along I10 have been discouraged because it could lead evacuees in other coastal areas which could also
be impacted by the same hurricane were it to change course. This philosophy also requires that
several segments of freeway are either closed and or direction of flow is reversed.
Evacuees that leave the city toward the west on I-10 generally have two options. They may
continue on westbound I-10 toward Baton Rouge and destinations beyond by using the routes
designated by the blue arrows in the figure or use westbound I-10 and feed into northbound I-55
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toward Hammond Louisiana. This second route is designated by the brown arrows in Figure 48.
Evacuees leaving New Orleans toward the east are forced to feed into northbound I-59 flowing
in a contraflow fashion. This route is illustrated by the green arrows of Figure 48. Evacuees
moving to the north across the Lake Pontchartrain Causeway are also routed to northbound I-55,
via westbound I-12 as represented by the red arrows of the figure.

Figure 48. LA DOTD Southeastern Louisiana Regional Evacuation Plan

The DOTD regional evacuation plan segments and color designations were also used as the
general basis to demonstrate the performance of the traffic in this project. In the project, each of
the colored arrow routes were maintained and were given segment numbers as shown in Figure
49. Each of these segments along with their initiation and termination points is described below.
Segment 1 was technically not a part of the LA DOTD plan. For this analysis it was
designated to begin within the central business district of downtown New Orleans and
continue westbound along Interstate 10 to the point of contraflow initiation.
Segment 2 also shown as the Blue Route began at the contraflow crossover of I-10 at the
Clearview Avenue interchange in Metairie and ended at the termination of contraflow at the
I-10 /I-55 interchange at LaPlace about 25 miles to the west. Technically, the LA DOTD
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Blue and Brown Routes occur simultaneously during contraflow with the Blue Route
representing the contraflow lanes and the Brown Route the “normal flow” lanes on I-10. It
should also be noted that the LA DOTD Loyola Avenue count station is located on I-10 just
prior to crossing over the southwest corner of Lake Pontchartrain.
Segment 3 was used to designate westbound I-10 from LaPlace to Baton Rouge, effectively
beginning at the termination of westbound contraflow and continuing about 60 miles to the I10/I-12 interchange on the far left of Figure 49.

Figure 49. LA DOTD Southeastern Louisiana Regional Evacuation Plan

Segment 4 was used to designate the segment of northbound I-55 between Lake
Pontchartrain and Lake Maurepas. It carried the “normal flow” lanes of westbound I-10
traffic beginning at the termination of westbound contraflow at the I-10 /I-55 interchange at
Laplace and continuing it north toward the I-55/I-12 interchange in Hammond. Although
Segment 4 ends at this point, traffic on this route continued in the northbound contraflow
lanes of I-55 north of I-12 on Segment 5.
Segment 5 was used to designate the segment of northbound I-55 north of I-12. The
termination of this segment was coded with what effectively amounted to an infinitely large
parking lot. Two LA DOTD count stations, Stations 42 and 15, were also located along this
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route. Station 42 monitored contraflow lanes which were active during the contraflow period
between simulation hours 17 and 40. Station 15 monitored normal flow northbound lanes,
designated with the Red Arrow Route in Figure 48. The normal flowing northbound traffic in
this segment was an extension of the evacuation route that included the Lake Pontchartrain
Causeway.
Segment 6 was used to designate the segment of northbound I-10 from the central business
district area of downtown New Orleans to the I-10/I-59 interchange in Slidell; a length of
about 40 miles.
Segment 7 was used to designate the segment of northbound I-59 north of I-10/I-12. This
route continued traffic from Segment 6 into contraflow lanes and also carried all westbound
traffic that sought to enter Louisiana from Mississippi in the normal northbound lanes.

Segment-Specific Qualitative Results
Figure 4 presents a comparison of observed and simulated data near the beginning of Segment 3
in LaPlace just after the contraflow lanes were switched back into the normal westbound I-10
lanes toward Baton Rouge. The chart displays both speed and volume for the simulated data and
volume for the observed data, both are plotted against the 48-hour time period which also
encompassed contraflow operations.
Both the observed and simulated traffic trends start out in similarly, but the observed data starts
to decline before Hour 12 and takes a sharp dip on Hour 16, while the simulated data does not
shown an initial decline until Hour 17. This is most likely due to this station‟s proximity to the
contraflow crossover point where these initial flow reductions were likely due to the
implementation of contraflow. The fact that the observed data began declining before contraflow
took effect while the simulated data did not suggests that this decline must be due to a trip
behavior that the model was not able to predict. It is possible that more evacuees planned to
leave after contraflow took effect and this lead to a decline in traffic the hours leading up to its
implementation. Both volume curves have various increases and decreases through the remained
of the evacuation period. The tail end of the observed data is also seen to have dropped off about
five hours before the simulation dropped. This is likely due to the volume drop that was
predicted at Hour 36 that but was not present in the field. This dramatic decrease cannot be
explained by a contraflow switch as before, however, because the switch did not occur until
Hour 40.
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Figure 50. Volume vs. Time Comparison for Segment 3

The analyses of Segment 5 included both the normal and contraflowing lanes of I-55 north of I12. Along this segment evacuation traffic passed over two data stations, Stations 42 and 15.
Station 42 monitored southbound lanes, which carried traffic out of New Orleans during
contraflow (Hours 17 to 40). Station 15 monitored northbound lanes which carried evacuation
traffic along the Red Arrow Route over the Lake Pontchartrain Bridge shown of Figure 50.
These stations were chosen to represent northbound traffic during the evacuation. The graph of
Figure 51 compares the observed and simulated data of the contraflow lanes while the graph of
Figure 52 compares the same in the normal flow lanes.
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Figure 51. Volume vs. Time Comparison for Segment 5 – Contraflow Lanes

Both trend lines in Figure 51 experience the same decrease in volume as Hour 24 (midnight)
approached. The volumes remained low for much of the overnight and early morning hours, and
then increased around Hour 30 (corresponding to 6:00 AM). While the two curves generally had
the same shape, they are offset by approximately 300 vphpl. This suggests that the TRANSIMS
model over-predicted a total of approximately 7,000 vehicles per lane on this route during the 24
hour period of contraflow. Interestingly, Figure 52 shows that the model under-predicted traffic
traveling from the causeway bridge route in the normal flow lanes, which balances out the overprediction shown in this figure.
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Figure 52. Volume vs. Time Comparison for Segment 5 – Normal Flow Lanes

Figure 52 shows the comparison of data sets from the normal flow lanes of northbound I-55.
Here, a significant increase in volume in both the observed and simulated data set was evident
around Hour 16/17. This is the time at which contraflow was implemented. The observed traffic
increased a full six hours ahead of the simulation. The simulated volumes peaked at a higher
level, about 1,800 vphpl, compared 1,300 vphpl that was actually observed. It was assumed that
this may have been a demonstration of the TRANSIM system attempting to “make-up” for the
lower volume the morning hours of that day.
Segment 6, the only eastbound route leading out of New Orleans, gave evacuees the option of
continuing eastbound along the Gulf Coast on I-10 or preceding northbound toward Hattiesburg
and Meridian Mississippi on I-59. During periods of contraflow, traffic on this segment was all
routed north on I-59 into Mississippi. A review of the data recorded at LA DOTD Station 67,
located on eastbound I-10 traffic approximately one mile east of the I-10/I-12/I-59 interchange,
showed that the traffic volumes experienced a decrease at Hour 17 (Saturday at 5:00 PM). This
phenomenon can also be seen in Figure 53. The decrease in evacuation traffic at this location
suggests that traffic was permitted to use eastbound I-I0 into Mississippi during contraflow.
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Figure 53. Volume vs. Time Comparison for Segment 6

Since traffic from Mississippi DOT Count Station ATR 128 was also available, it was used to
further correlate the LA DOTD observed volumes. At this location the model predicted a similar
cumulative level of evacuation traffic for the two days – approximately 14,000 vphpl, however,
TRANSIMS tended to over predict traffic evacuated on the first day then under predict on the
second day of the evacuation event.
Effects of Ambient Traffic
An important factor that contributed to difficulties in correlating observed and simulated results
was that many evacuees from outside of the study area were part of the observed traffic streams.
Additionally it is recognized that not all evacuees used solely the routes discussed in the project.
These phenomena were verified by data from two count stations located on US Highway 90 in
New Orleans and US Highway 90 located to the east of Baton Rouge. The latter of which is
shown in Figure 54.
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Figure 54. Volume vs. Time Comparison – US-190 near Baton Rouge

At the US-190 Baton Rouge location which was located adjacent to the parallel I-12 route, the
TRANSIMS model predicted virtually no traffic volume. Initially, this lack of volume first was
an enormous concern and numerous attempts were made to adjust and readjust factors within the
model to route more of the traffic on I-12 to US-190. However, upon further assessment it was
found that the volume observed at this location was due to ambient which normally exists in the
vicinity of the station. This normal daily volume was not accounted for within the simulation
because it was generated far outside of the analysis area. In fact, TRANSIMS was actually
making the “correct” routing assignments by not directing trips on to this route. A further review
of the normal daily traffic trends suggests that this location was never impacted by evacuation
traffic to any noticeable degree.
Directional Volume Comparison
Finally, to gain an overall sense of the correlation of the observed and simulated data sets,
volumes were summed for the eastbound and westbound directions out of the metropolitan
region. Table 30 shows both sets of total volume during the 48 hour evacuation period at all four
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eastbound count stations that would be passed on along Segment 6 (presented moving outward
from top to bottom). The highest differences between the two were found at the two stations
located within the New Orleans metro area. Both of these were also over predictions in the
simulation. Interestingly, the data last two data sets further away from the city were over
predicted. This might suggest that the TRANSIMS assignment process sought to compensates at
the two stations located further along the route to achieve the desired destinations. In total,
TRANSIMS failed to predict more than 113,000 vehicles that actually evacuated toward the east.

US 90 EB (Station 3)

Observed
124,561
19,032

Simulated
15,598
1,267

Difference
-108,963
-17,765

I-10 EB @ Slidell (Station 67)

41,477

52,078

10,601

I-59 NB @ LA/MS State Line
(ATR 128)

73,094

75,689

2,595

258,164

144,632

-113,532

I-10 EB @ Oaklawn

Total

Table 30. Total Traffic Volume at All Eastbound Stations

Table 31 presents a comparison of the total volume evacuating to the west along Segments 3, 4,
and 5. In contrast to the eastbound trend, TRANSIMS over predicted the westbound evacuation
traffic. Cumulatively, this over prediction was nearly 110,000 vehicles. This imbalance should
not be surprising since much of this was likely the traffic that was not routed to the east.

I-10 WB @ Loyola Ave

Observed
119,725
62,970

Simulated
124,190
143,451

Difference
4,465
80,481

US 61 NB @ Laplace (Station 27)

43,572

55,775

12,203

I-10 WB @Laplace (Station 54)

84,050

72,066

-11,984

I-10 WB @BR (Station 79)

96,388

122,321

25,933

I-55 NB @Fluker (Station 15)

53,217

49,431

-3,786

459,922

567,234

107,312

I-10 WB @Oaklawn

Total

Table 31. Total Traffic Volume at All Westbound Stations
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Speed and Flow Conditions
It was also useful to illustrate speed and flow simultaneously over both space and time. Based
on the data that was available it was possible to accomplish this on color-coded two dimensional
graphs. The following parts of this section illustrate temporal-spatial relationships of speed and
volume. As these graphs are viewed, it should be noted that a vertical cross-section through any
of these graphs represent speed or volume during the 48-hour duration of the event at a specific
point along a specified route. Correspondingly, any horizontal cross-section through the graphs
represents speed or volume at a specific point along a specified route during the 48-hour
evacuation event. The angles of color differences within the various graphs can also be used to
estimate the speed and direction of changes in flow state through time and space.
For the development of the graphs, speed and volume data was collected along the routes over a
48 hour period.

Figure 55 shows the spatio-temporal distribution of speed along the westbound routes from New
Orleans to Baton Rouge. In the figure, the I-10 westbound route was divided into three
segments: I-10 from New Orleans Superdome to I-10 at Clearview Avenue (Segment 1), from I10 at Clearview Avenue to the I-10/I-55 interchange in Laplace (Segment 2) and I-10 from
Laplace to Baton Rouge (Segment 3).

Segment 1

Segment 2

Page 132

Segment 3

New Orleans Evacuation TRANSIMS Study

Draft Final Report

Figure 55. Spatio-temporal Distribution of Speed on Westbound Segments
The speed profile shown in

Figure 55 brings attention to several interesting findings. First, it is apparent that the shockwave
speeds in Segment 1, depicted by yellow lines, are steeper compared to the shockwaves observed
in Segment 3, that are depicted by blue lines. This is likely a reflection of the higher demand
closer to New Orleans. Here, the flow rate into Segment 1 was highest close in to New Orleans
resulting in a faster rate of queue formation on Segment 1 compared to Segment 3.
It can also be seen that the red zones of low speed in Segment 1 and Segment 2 coincided with
the peak in demand during the two afternoon periods. These peaks in demands result in increase
in density of traffic, and decrease in speeds. Contraflow operations also likely played an
important role in the dissipation of queues within Segment 1 during the high demand period. In

Figure 55 the queues that began at the start of the contraflow operations, which is also the end of
Segment 1, suggest that the excess capacity due to the contraflow operations helped dissipate the
queues. No queues were observed in Segment 2 during contraflow operations, but after the
termination of contraflow operations in hour 42 queues were observed in this segment, which
also spilled back to segment 1, this area is encircled in pink. This demonstrates the effectiveness
of the contraflow operations on this route.
The contraflow operations on Segment 2 also played an important role in dissipating the queues
on Segment 3. The contraflow termination design was efficient in that it did not allow queues to
develop spatially from Segment 3 into Segment 2. This can be observed within the blue circle in
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Figure 55, where congestion does not extend horizontally into Segment 2, but extends vertically.
This resulted in improved mobility for evacuees destined to northbound locations. This was
crucial since Segment 2 provided access to vehicles going north on I-55. A queue extension into
Segment 2 would have resulted in adverse effects on access onto northbound I-55.
In Figure 56 and Figure 57, vertical bands of color-change representing speed decreases are
highlighted by black boxes. These conditions were produced by bottlenecks associated with
weaving in the vicinity of interchange on-ramps and off-ramps. This suggests that TRANSIMS
was effective at modeling bottleneck congestion associated with interchange weaving areas. As
highlighted by these black boxes, bottleneck congestion was observed in the normal and
contraflow lanes of Segment 2. The primary bottleneck on Segment 2 was associated to the I10/I-310 interchange on the western edge of the New Orleans metro area within the levee
protection zone.

Figure 56. Spatio-temporal Distribution of Speed on Segment 2 - Contraflow

Sgmnt 1

Sgmnt 2

Sgmnt 3
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Figure 57. Spatio-temporal Distribution of Volume on Westbound Segments

Also apparent in Figure 56 and Figure 10 was the sudden onset of congestion after the
contraflow was terminated at Hour 42. This degradation in operating condition is highlighted by
the pink circles in both of the figures. The excess demand that remained in the network,
however, still needed to be moved through this section of highway. This suggested that, in an
ideal scenario, an extension of duration of contraflow operations would have helped improve the
evacuation. Findings such as this may prove useful in the future as plans seek to determine
required duration of need for enhancements like contraflow during mass evacuations.
Figure 11 shows a three dimension representation of the spatio-temporal evolution of volume on
the primary westbound route out of the city. Two important things can be seen in this figure, the
first was the drop in volume indicated by the blue arrow just after the I-10/I-310 interchange in
Segment 2. This drop has been attributed to southbound vehicles moving from I-10 to on I-310
at this point. The second, indicated by the black arrow, was the increase in volume at the end of
Segment 2. This was attributed to the termination of contraflow operations which resulted in
diversion of vehicles from the contraflow lanes into the normal lanes of westbound I-10.
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Figure 58. Spatio-temporal Distribution of Volume on Westbound Segments

Figure 59 and Figure 60 show the spatio-temporal distribution of speed along the northbound
routes of Segment 5 and Segment 5 from the New Orleans area to the northern terminus of the
route near the Mississippi border. Figure 59 includes the simulation output from the normal flow
lanes and Figure 60 shows the speed profile from the contraflow lanes. In the figures, the
northbound route has been divided into two segments, the first was I-55 from the I-10
interchange in LaPlace to the I-12 interchange in Hammond (Segment 4) and the second was the
continuation of I-55 from the I-12 interchange in Hammond to the Mississippi state line
(Segment 5).

Figure 59: Spatio-temporal Distribution of Speed on Northbound Segments

Figure 60: Spatio-temporal Distribution of Speed on Segment 5 - Contraflow
Figure 59 shows the speed profile on the normal lanes for the northbound segments. This figure
reveals two bottleneck locations. The first is highlighted within a black box at the beginning of
Segment 4. This drop in operation efficiency was due to weaving in the vicinity of the I-55/I-10
interchange. The second bottleneck area, also highlighted with a black box, was the result of
weaving maneuvers in the vicinity of the I-55/West Pine Street interchange. It is interesting to
note that TRANSIMS was able to capture the subtle effects of the drop in capacity due to
weaving that took place near the on-ramps and off-ramps. It is also notable that in Figure 60 no

Page 136

New Orleans Evacuation TRANSIMS Study

Draft Final Report

congestion was observed along the rest of the route and vehicles were able to travel at near free
flow speeds of around 50 to 55 mph.
Figure 63 shows the spatio-temporal distribution of volume on the segments of the primary
northbound evacuation route. The volumes on this route held fairly steady near 1,000 to 1,200
vphpl through out the simulation. Since the speed profile for this same set of segments (shown
previously in Figure 59) did not suggest any queuing conditions, it was concluded that during the
evacuation, volumes on this route did not exceed the capacity of the route. Similar conditions
can also be observed during the time period that contraflow was not in use. Comparatively
higher volumes during the afternoon were apparent throughout both segments of the route as
shown in the region highlighted within black boxes. The area highlighted by black oval in the
figure also shows that volumes were slightly lower during the period of contraflow operations
since the traffic was distributed between the normal and contraflow lanes. Figure 62 shows a
similar representation of the spatio-temporal distribution of volume in three dimensions.

Figure 61. Spatio-temporal Distribution of Volume on Northbound Segments

Figure 62: Spatio-temporal Distribution of Volume on Northbound Segments

The last set of figures illustrates the spatio-temporal distribution of speed along the eastbound
route from New Orleans to into Mississippi. Similar to the prior figures, Figure 63 shows the
eastbound route divided into its key segments, including Segment 6 which represents I-10 from
downtown New Orleans near the Louisiana Superdome to the I-10/I-12/I-59 and Segment 7
which represents I-59 between the I-10/I-12/I-59 interchange in Slidell interchange to the
Mississippi state line.

Figure 63. Spatio-temporal Distribution of Speed on Eastbound Segments
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During non-contraflow periods Segment 7 included two outbound lanes of travel. During
periods of contraflow the inbound lanes of Segment 7 were used in a reversed fashion to carry
vehicles from Segment 6 to the north while the normal outbound lanes were fed by westbound
vehicles entering into Louisiana from Mississippi. Vehicles were fed into the contraflow lanes
immediately after the I-10/I-12/I-59 interchange. The effects of the contraflow condition can be
seen in both Figure 66 and Figure 65 within the first mile of Segment 7.

Figure 64. Spatio-temporal Distribution of Volume on Eastbound Segments

The lighter green zones within the pink circles in Figure 66 show regions of increased volume.
This was assumed to be associated with the high evacuation rates that occurred during the
afternoon period of both days. It should be noted that even during these high demand periods,
the speeds remained high as shown previously in Figure 63. The volume conditions are also
depicted in a three dimensional format in Figure 65. No bottlenecks were observed on any of the
eastbound segments.

Figure 65: Spatio-temporal Distribution of Volume on Eastbound Segments

Summary of Findings
The results of this effort suggest that the TRANSIMS simulation software was able to reasonably
predict the volumes based on the general direction of evacuation. The simulation predicted the
total westbound traffic within an error of 1.58 percent, eastbound traffic within an error of nine
percent, northbound within an error of three percent, and southbound within an error of five
percent.
The total volume evacuating toward the west from New Orleans was developed based on
observed LADOTD field volumes on westbound I-10, US-61 and US-190. During the process of
calibration, no vehicles were found to be assigned onto westbound US-190. A further
investigation revealed that all traffic observed on westbound US-190 was in fact “normal” daily
traffic and not evacuation traffic. This “unintentional error” was particularly useful to illustrate
and provide insights into the robustness of TRANSIMS in modeling in evacuation. Despite the
increased volumes, there were almost no vehicles assigned to this segment of US-190, precisely
as the evacuation actually took place.
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Generally, TRANSIMS was found to systematically overestimate demand at low volumes. A
possible explanation for this could be that the assumptions made regarding application of free
flow speeds on the Interstate freeways. These were all set to be equal to the posted speed limit.
To elaborate on this hypothesis, an example of two competing routes in which one was a freeway
and the other was a state highway can be used. If, in this case, the free flow speed was higher
state highway than the speed limit on the interstate and the free flow speed and the speed limit
were assumed to be equal on both roads, then the travel time would be overestimated and a lesser
fraction of vehicles would be assigned to the Interstate.
Based on the R-squared analyses and values computed for the regression correlation between the
observed and simulated cumulative volumes, it was concluded that TRANSIMS was a valid
model that was able to represent the New Orleans evacuation during hurricane Katrina. The
development of spatio-temporal graphs of the various segments also qualitatively supported this
finding. These graphs were also helpful to provide a visual understanding of benefits and
shortfalls of the contraflow operations at various locations. In these graphs several bottleneck
locations could also be identified.
Although not completely undertaken in this project, the TRANSIMS simulation model also
provided an opportunity to evaluate the various operational strategies. As such the effects of the
location, start time, and duration of contraflow operations could be assessed at a regional level.
Several bottleneck locations were also able to be quickly identified which could not have been
done otherwise. Overall TRANSIMS appears to be a robust simulation package that is able to
predict spatial and temporal traffic patterns with reasonable levels of accuracy. The application
of spatio-temporal speed and volume maps using the output produced by the systems provide
important insights into bottlenecks and shockwave propagation.

Chapter 8. Conclusions and Recommendations

As transportation and emergency management professionals continue to better plan the
utilization of transportation assets during evacuations, traffic simulation modeling will play an
ever increasing role. The first Louisiana efforts to simulate evacuation traffic management plans
were undertaken in response to the shortfalls observed during the 2004 Hurricane Ivan
evacuation. These first simulation studies, while very useful for plan development, also revealed
the limited capabilities of the systems available at that time – most notably in terms of the scale,
time duration, and level of detail of the simulation. Following this effort, there have been several
other projects undertaken to better understand and evaluate regional impacts of evacuating
traffic, the results of these of these efforts have also been limited by, among other things, their
lack of fidelity and their inability to also model transit and pedestrian evacuation processes.
These results have begged the need for enhanced methods. In this project, the transportation
systems in and around metropolitan New Orleans was modeled in TRANSIMS. TRANSIMS was
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used to simulate large number of vehicles on a large geographical scale and over a long duration
with high level of detail. This study marks the first time that TRANSIMS, or any other regionwide microscale traffic simulation has been used to simulate the evacuation traffic conditions
with the ability to calibrate and validate a set of base results with field observed data collected
during an actual regional mass evacuation. The overall goal of the project was to apply the
TRANSIMS transportation analysis system to model and analyze sets of emergency evacuation
transportation plan for the New Orleans metropolitan region. This report has described how this
goal has been achieved and provides supporting details on the processes and results gained for
the effort.
Among the specific objectives of the project were to:
demonstrate the power and utility of the system for emergency transportation analysis,
illustrate how and where certain aspects of the system are best suited for particular
analyses, and
assist state and local-level transportation agency personnel to become acquainted with the
system and realize it greater potential for the modeling and analyses of both emergency
and routine transportation system analysis.
As there has been a limited long-term history of development and testing of TRANSIMS for the
expressed purpose of evacuation traffic modeling and analysis, one of the fundamental
achievement of the project was to demonstrate a basic value in it use for such events. In general,
it was concluded that the results presented here show strong evidence for the power and value of
TRANSIMS for region-level evacuation analysis. TRANSIMS affords users the best of both
worlds in terms of mass evacuation modeling in that it permits evacuation analysis to be
undertaken at a regional level where system-wide impacts of decision making and network
conditions in one area can have wide-ranging and long-lasting effects as well as permitting
analyses of individual facilities, vehicles, and persons within it. In fact, it could be argued that
systems like TRANSIMS are currently the near-ideal tools to model, test, and evaluate
evacuation and other emergency transportation plans.
The following sections of this concluding chapter will describe the manner and extent to which
these objectives were met as well as a list of findings and lessons learned that may prove
valuable to future modelers of evacuation transportation systems. This chapter also includes
recommendations that may also to analysts seeking to evaluate the results of such models and
implement strategic plans based on such findings.
Network Construction
The New Orleans network was modeled using an iterative process of model building, errorchecking, and network modification. In the initial development step, a Metropolitan Planning
Organization (MPO) level TransCAD network of the New Orleans region and GIS data of
additional highways and interstates around New Orleans were imported into TRANSIMS.
Network construction also required the assignment of detailed attribute data to all the links in the
network including numbers of lanes, function classifications, and operating speeds as well. For
example, in addition to the basic layout of the road network, it was also necessary to represent
the junctions between roads accurately. This included not only correct intersection and
interchange ramp configurations, but the number of lanes on these ramps and approaches, the

Page 140

New Orleans Evacuation TRANSIMS Study

Draft Final Report

method and timing of control at the intersections, and the numbers, locations, and lengths of
auxiliary turning lanes where they existed.
It was found that during the process of importing network from TransCAD or ArcGIS, that
several geometrical features, definitions of links (whether a streetcar line or a roadway) and units
were not transferred correctly. Thus, the network construction process required a verification
component to assure an adequate level of validity in the traffic conditions. In the event of an
error in the imported network, it was found to be easier to correct the issues in ArcGIS and then
import it back into TRANSIMS.
Another key aspect of network construction was the development of the contraflow freeway
segments. The inclusion of these segments required special coding modifications to the network
to permit the vehicle agents to move in an outbound direction in the contraflow lanes and to load
and unload these lanes in a representative manner at the various initiation and termination points.
This was done by re-coding links as bidirectional links, and coding the corresponding entrance
and exit ramps for these contraflow segments.
Apart from the spatial and geometric representation of the contraflow lanes, it was critical to
model the temporal aspect of the contraflow lanes. The start and end time of the contraflow
operations were represented by creating a lane use file to prohibit flow in the inbound lanes
during contraflow and to open the ramps to permit flow in the outbound lanes. To reflect the
actual operation of contraflow for the Katrina evacuation test case, the contraflow segments
remained open for a period of 24 hours during the peak of the evacuation. Another key temporal
aspect of the contraflow was the time required for the conversion from normal to contraflow
operation. In the Katrina case it was assume that contraflow implementation would take about
one hour, based on actual experience. During this time, the last of the inbound traffic was
allowed to pass through the segments unopposed while the necessary ramp closures and
openings were erected.
It was found that making changes to the network in TRANSIMS was cumbersome due to the use
of the text files. But it was found that conducting changes and corrections in the TransCAD and
ArcGIS network first and then importing them back to TRANSIMS made this task easier.
TRANSIMS was found to be capable to be utilized for modeling the geometric and temporal
features of the contraflow with fair accuracy.
Population Synthesizer
The Population Synthesizer module within TRANSIMS was designed to use the US Census data
to build synthetic households for the study area and use land-use data to locate the households
relative to the transportation network. The output of the Population Synthesizer module was the
synthetic households with a set of information associated with each household and each
individual living in that household. It also provided the household location in the TRANSIMS
network including the information on vehicles belonging to each household.
This project demonstrated that it was possible to collect regional digital data and integrate this
data from different regions. GIS was again found to be a useful tool in the development of the
TRANSIMS model. The Land Based Classification Standards (LBCS) surveys were used to
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locate the households, but this method is expensive due to the labor involved in field surveying
and data entry. A revised system called the Standard Land Use Coding Manual (SLUCM) has
been found to be commonly used in many transportation related models, current mapping
applications and land-based datasets. The LBCS includes tools and methods to migrate SLUCM
data into the LBCS system. It was found that the ability to migrate from SLUCM data to LBCS
system would be useful for future TRANSIMS projects, since using the original LBCS data
would be expensive.
The output of the population synthesizer estimated a total of 392,535 households, 996,952
persons and 890,316 vehicles within the study area. Though the synthesizer module was able to
predict the number of households and persons fairly accurately, the module seemed to over
predict the number of vehicles. The exact cause for this discrepancy could not be ascertained and
further investigations to determine the error source will be required.
Due to the ability to integrate different regional data, it was feasible to update the land use
component for the entire TRANSIMS model between New Orleans and Baton Rouge. This
helped to better assess the impact of daily traffic on evacuating traffic. The Katrina evacuation
occurred over a weekend when the typical daily weekday travel activities did not occur. The
synthetic data could be more robust by incorporating more detailed data that is now available for
the City of New Orleans.
Modeling Departure Time and Destination Choice
Evacuation departure times and locations were assigned across the study area using a Monte
Carlo-based sampling processes based on weighted probabilities that reflected the time pattern
observed LA DOTD traffic count data. A simplifying assumption was made regarding the
evacuation trips and departure time in which the departure time distribution was not associated to
evacuee‟s demographics, location or their decision of destination. The departure time was
assigned based on an aggregated departure time behavior of all the evacuees. A similar
assumption was made with regard to the selection of destinations. Though these assumptions
were simplifying, future models can incorporate a more micro-level decision making regarding
departure time and destinations, by incorporating effects of location, demographics, and
neighborhood behavior (how many people have left so far).
Calibration and Validation
The results of this effort suggest that the TRANSIMS simulation software was able to reasonably
predict the volumes based on the general direction of evacuation. The simulation predicted the
total westbound traffic within an error of 1.58 percent, eastbound traffic within an error of nine
percent, northbound within an error of three percent, and southbound within an error of five
percent.
The total volume evacuating toward the west from New Orleans was developed based on
observed LA DOTD field volumes on westbound I-10, US-61 and US-190. During the process of
calibration, no vehicles were found to be assigned onto westbound US-190. Further
investigation revealed that all traffic observed on westbound US-190 was in fact “normal” daily
traffic and not evacuation traffic. This “unintentional error” was particularly useful to illustrate
and provide insights into the robustness of TRANSIMS in modeling in evacuation. Despite the
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increased volumes, there were almost no vehicles assigned to this segment of US-190, precisely
as the evacuation actually took place.
Generally, TRANSIMS was found to systematically overestimate demand at low volumes. A
possible explanation for this could be that the assumptions made regarding application of free
flow speeds on the Interstate freeways. These were all set to be equal to the posted speed limit.
To elaborate on this hypothesis, an example of two competing routes in which one was a freeway
and the other was a state highway can be used. If, in this case, the free flow speed was higher
state highway than the speed limit on the interstate and the free flow speed and the speed limit
were assumed to be equal on both roads, then the travel time would be overestimated and a lesser
fraction of vehicles would be assigned to the Interstate.
After an extensive search of methodologies to compare simulated traffic volumes with observed
volumes for a regional scale network with simulation period of two days, it was found that
conducting a regression between the simulated and observed volumes was the best method to
validate the network. Based on the R-squared analyses and values computed for the regression
correlation between the observed and simulated cumulative volumes, it was concluded that
TRANSIMS was a valid model that was able to represent the New Orleans evacuation during
hurricane Katrina. The development of spatio-temporal graphs of the various segments also
qualitatively supported this finding. These graphs were also helpful to provide a visual
understanding of benefits and shortfalls of the contraflow operations at various locations. In
these graphs several bottleneck locations could also be identified.
Although not completely undertaken in this project, the TRANSIMS simulation model also
provided an opportunity to evaluate the various operational strategies. As such the effects of the
location, start time, and duration of contraflow operations could be assessed at a regional level.
Several bottleneck locations were also able to be quickly identified which could not have been
done otherwise. Using a speed-based fuel consumption model and the spatio-temporal speed
profiles Overall TRANSIMS appears to be a robust simulation package that is able to predict
spatial and temporal traffic patterns with reasonable levels of accuracy. The application of
spatio-temporal speed and volume maps using the output produced by the systems provide
important insights into bottlenecks and shockwave propagation.
Simulation of Transit Evacuation
The transit evacuation plan that was modeled in TRANSIMS was based on the 2007 New
Orleans City Assisted Evacuation Plan and the surrounding parishes. The number and
percentage of residents and tourists that would utilize this assisted evacuation were unknown,
and the model was useful in determining these numbers. However, assumptions were made
based on the actual number of persons residing in households without a car.
The evacuees needing transit assistance were evacuated over a period of 20-21 hours. An Sshaped curve was assumed for the departure time distribution of the transit evacuees. A separate
route was assumed for tourists and for local bus services picking up residents. All the tourists
were able to be successfully evacuated to the airport.
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The transit process that was coded was able to evacuate only 32 percent of the residents, due to
problems with walking distances. It was found that residents would start walking toward their
final destination, instead of searching for the nearest bus stop. This reduced the ridership on
transit, and ability of transit to evacuate all the transit dependent evacuees. Further investigation
is being carried out to ascertain the cause of this problem and eliminate them. To solve this
problem, it was recommended to eliminate the activity for the evacuees to walk to their bus
station, and instead place them at the bus station directly.
A total of 39 round trips for the tourist evacuation, 121 one-way trips from New Orleans to the
north, 114 one-way trips to Baton Rouge, and 88 one-way trips to Alexandria were predicted to
evacuate the entire population. These estimates were found to be reasonable, and in the future
will be compared to the observed transit ridership during Hurricane Gustav in 2008.
For future studies it is recommended that the model be calibrated and results from TRANSIMS
be compared to the records from Gustav. This transit network shall also be overlaid over the
existing car network, and the overall operations will be evaluated. Moreover, the TRANSIMS
model should be used for sensitivity testing as well as examining how changes in transit service
and route selection improve not only the flow of car-less and special needs evacuees but also
those evacuating in cars.
Finally, the transit module in TRANSIMS could be used to test policy scenarios, such as
providing incentives for people to shelter in certain locations, such as secure hospitals and
schools, or to test the feasibility of encouraging regular folks to leave their cars at home and
evacuate via transit for the option of designating certain routes as bus-only evacuation corridors.
Strengths
This project demonstrated the application of TRANSIMS to modeling evacuation. TRANSIMS
was found to predict the spatio-temporal distribution of traffic during the Katrina evacuation
with reasonable accuracy. The ability to model multi-modal traffic provides a robustness to
model all the aspects of evacuation pedestrian, transit and car. The modeling experience also
showed TRANSIMS capability to model regional scale evacuation at high level of fidelity. The
regional model provided an ability to observe regional impacts of bottlenecks on evacuation.
Another benefit was the spatio-temporal color coded map of speed and volume along the various
routes provided that could be developed to identify localized bottlenecks on routes, temporal
evolution of traffic flow and evaluate contraflow operations. ArcGIS was also found to be a
useful tool during the network construction process, and the development of the synthetic
population.
Recommendations
Analysis of vehicular traffic on parallel competing routes indicated that routing algorithm was
overly sensitive and tended to overreact to small fluctuations. This was noticed by observing the
temporal distribution of volumes on parallel routes US-61 and I-10. It was also found that
TRANSIMS does not take speed limit as an input, but instead uses the maximum allowed speed
as an input. This caused TRANSIMS to underestimate free flow speeds. During the network
construction and error checking it is critical to pay attention to this aspect.
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There is also a need to further investigate the walk distance problem encountered during the
transit simulation. It seemed that evacuees wanting to take transit, start walking towards their
destinations, instead of walking towards the nearest bus stop. The logic for the pedestrians needs
to be further examined. To simulate the synthetic population, it was found that the ability to
migrate from SLUCM data to LBCS system would be useful for future TRANSIMS projects,
since using the original LBCS data would be expensive. This methodology needs to promoted
and further researched.
It was found that TRANSIMS route assignment assumed a 24 hour cycle as a day and the traffic
assignment did not distinguish between the assignments of traffic for a given hour between two
consecutive days. The way the router was programmed, was to model daily weekday traffic, for
this reason, the traffic assignment for a particular hour on day two affected the traffic assignment
for the same hour in day one and vice versa. This is not true during evacuation, and this aspect
should be rectified in the future.
The evacuation during hurricane Katrina occurred during weekends, and was not affected by a
lot of weekday daily activities being overlaid over the evacuating traffic. It is advised that the
network should also be calibrated for weekday daily traffic and the evacuating traffic be overlaid
over this to realistically simulate background traffic.
Future Work
In future applications of the TRANSIMS system, the evacuation decision of departure time and
destination will be improved and made robust by using disaggregate data and incorporating the
effects of demographics and location on these decisions. A higher fidelity synthetic population is
being developed by incorporating more detailed land use data. The TRANSIMS model built as
part of this project is also being utilized to understand fuel consumption of vehicles and to
determine where to locate fuel trucks. It is also recommended that TRANSIMS should also be
utilized to test evacuation scenarios under other hard response conditions.
The transit network and the auto network are being overlaid to study the impact of traffic on
transit and transit on evacuating traffic. This would provide an opportunity to develop strategies
to improve operations for transit as well as car evacuation. The construction of the entire network
will also provide the ability to test and evaluate several scenarios. It is also important to
incorporate the other modes of evacuation, such as rail and air to do a system wide analysis and
develop a system based strategy for evacuation, instead of separately looking at each mode.
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Appendix A
Transit Simulation Control Files
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TransitNet Control File
TITLE
DEFAULT_FILE_FORMAT
PROJECT_DIRECTORY

Convert New Orleans Transit Network
TAB_DELIMITED
../network

#---- Input Files ---ROUTE_HEADER_FILE
ROUTE_NODES_FILE
#PARK_AND_RIDE_FILE
#ZONE_EQUIVALENCE_FILE
NET_DIRECTORY
NET_NODE_TABLE
NET_ZONE_TABLE
NET_LINK_TABLE
NET_PARKING_TABLE
NET_ACTIVITY_LOCATION_TABLE
NET_PROCESS_LINK_TABLE
NET_LANE_CONNECTIVITY_TABLE

Route_Header
Route_NodesNO
Park_Ride
Fare_Zone
../network
Node
Zone
Link
Parking
Activity_Location
Process_Link
Lane_Connectivity

#---- Output Files ---NEW_DIRECTORY
NEW_PARKING_TABLE
NEW_ACTIVITY_LOCATION_TABLE
NEW_PROCESS_LINK_TABLE
NEW_TRANSIT_STOP_TABLE
NEW_TRANSIT_ROUTE_TABLE
NEW_TRANSIT_SCHEDULE_TABLE
NEW_TRANSIT_DRIVER_TABLE

../network
Parking
Activity_Location_1RT
Process_Link_Scen1RT
Transit_Stop_Scen1RT
Transit_Route_Scen1RT
Transit_Schedule_Scen1RT
Transit_Driver_Scen1RT

CREATE_NOTES_AND_NAME_FIELDS

YES

#---- Parameters ---STOP_SPACING_BY_AREATYPE
TRANSIT_TIME_PERIODS
TRANSIT_TRAVEL_TIME_FACTOR
MINIMUM_DWELL_TIME
INTERSECTION_STOP_TYPE

2000, 2000, 2000,2000, 2000, 2050
8:00, 20:00, 24:00, 32:00, 36:00
1.25, 1.25, 1.25, 1.25
5
FARSIDE

TRANSITNET_REPORT_1

FARE_ZONE_EQUIVALENCE
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ArcNet Control File
TITLE

New Orleans Transit Network Shape Files

NET_DIRECTORY
NET_NODE_TABLE
NET_LINK_TABLE
NET_SHAPE_TABLE
NET_PROCESS_LINK_TABLE
NET_PARKING_TABLE
NET_ACTIVITY_LOCATION_TABLE

../network
Node
Link
Shape
Process_Link_1RT
Parking
Activity_Location_1RT

NET_TRANSIT_STOP_TABLE
NET_TRANSIT_ROUTE_TABLE
NET_TRANSIT_SCHEDULE_TABLE
NET_TRANSIT_DRIVER_TABLE
#ROUTER_NODES_FILE
ARCVIEW_DIRECTORY

Transit_Stop_Scen1RT
Transit_Route_Scen1RT
Transit_Schedule_Scen1RT
Transit_Driver_Scen1RT
Route_Nodesscen1RT
../network/arcview

LINK_DIRECTORY_OFFSET
POCKET_LANE_SIDE_OFFSET
ACTIVITY_LOCATION_SIDE_OFFSET
PARKING_SIDE_OFFSET
UNSIGNALIZED_NODE_SIDE_OFFSET
UNSIGNALIZED_NODE_SETBACK
TRANSIT_STOP_SIDE_OFFSET
TRANSIT_DIRECTION_OFFSET
TRANSIT_TIME_PERIODS

0.0
2.0
15.0
5.0
10
25.0
8.0
4.0
6:30, 9:30, 15:30,18:30
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ActGen Control File
TITLE
PROJECT_DIRECTORY

ActGen Application
../

NET_DIRECTORY
NET_NODE_TABLE
NET_LINK_TABLE
NET_ACTIVITY_LOCATION_TABLE
NET_PARKING_TABLE
NET_PROCESS_LINK_TABLE

../network
Node
Link
Activity_Location_1RT
Parking
Process_Link_1RT

HOUSEHOLD_FILE
POPULATION_FILE
VEHICLE_TYPE_FILE
VEHICLE_FILE
HOUSEHOLD_TYPE_SCRIPT

population/HouseholdTransit.txt
population/PopulationTransit.txt
vehicle/VehType
vehicle/Vehicle1.txt
population/Household_Type2.txt

SURVEY_HOUSEHOLD_FILE
#SURVEY_HOUSEHOLD_WEIGHTS
SURVEY_POPULATION_FILE
SURVEY_ACTIVITY_FILE
#survey_type_script

SurveyTransit/Household.txt
SurveyTransit/Weights.txt
SurveyTransit/transitPopulation.txt
Survey/Activity.txt
population/Household_Type.txt

NEW_ACTIVITY_FILE
ACTIVITY_FORMAT
NEW_PROBLEM_FILE

activity/TransitActivityRT1
TAB_DELIMITED
results/ActGen_ProblemRT1.txt

ACTGEN_REPORT_1
ACTGEN_REPORT_2
ACTGEN_REPORT_3

HOUSEHOLD_TYPE_SCRIPT
HOUSEHOLD_TYPE_SUMMARY
SURVEY_TYPE_SUMMARY

RANDOM_NUMBER_SEED
TIME_OF_DAY_FORMAT
DISTANCE-TRAVEL_SPEED
AVERAGE_TRAVEL_SPEED
ADDITIONAL_TRAVEL_TIME

1234
24_HOUR_CLOCK
RIGHT_ANGLE
1.0,15.0,10.0
900, 1800, 1800

ACTIVITY_PURPOSE_RANGE_1
ACTIVITY_ANCHOR_FLAG_1
SCHEDULE_CONSTRAINT_1
MODE_DISTANCE_FACTORS_1
LOCATION_WEIGHT_FIELD_1
LOCATION_CHOICE_SCRIPT_1

1
FALSE
PASSENGER
-0.05, -0.006, -0.07
N
Survey/LocationNorth.txt

ACTIVITY_PURPOSE_RANGE_2
ACTIVITY_ANCHOR_FLAG_2
SCHEDULE_CONSTRAINT_2
MODE_DISTANCE_FACTORS_2
LOCATION_WEIGHT_FIELD_2
LOCATION_CHOICE_SCRIPT_2

2
FALSE
PASSENGER
-0.07
BR
Survey/LocationBR.txt

ACTIVITY_PURPOSE_RANGE_3
ACTIVITY_ANCHOR_FLAG_3

3
FALSE
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SCHEDULE_CONSTRAINT_3
MODE_DISTANCE_FACTORS_3
LOCATION_WEIGHT_FIELD_3
LOCATION_CHOICE_SCRIPT_3

PASSENGER
-0.07
AL
Survey/LocationAL.txt

ACTIVITY_PURPOSE_RANGE_4
ACTIVITY_ANCHOR_FLAG_4
SCHEDULE_CONSTRAINT_4
MODE_DISTANCE_FACTORS_4
LOCATION_WEIGHT_FIELD_4
LOCATION_CHOICE_SCRIPT_4

4
FALSE
PASSENGER
-0.07
UPT
Survey/LocationUPT.txt
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Router Control File
TITLE
Transit Router Step for New Orleans Study
PROJECT_DIRECTORY
../
NET_DIRECTORY
../network/
NET_NODE_TABLE
Node
NET_LINK_TABLE
Link
NET_POCKET_LANE_TABLE
Pocket_Lane
NET_PARKING_TABLE
Parking
NET_LANE_CONNECTIVITY_TABLE Lane_Connectivity
NET_ACTIVITY_LOCATION_TABLE
Activity_Location_1RT
NET_PROCESS_LINK_TABLE
Process_Link_1RT
NET_TRANSIT_STOP_TABLE
Transit_Stop_Scen1RT
NET_TRANSIT_ROUTE_TABLE
Transit_Route_Scen1RT
NET_TRANSIT_SCHEDULE_TABLE
Transit_Schedule_Scen1RT
NET_TRANSIT_DRIVER_TABLE
Transit_Driver_scen1RT
ACTIVITY_FILE
VEHICLE_FILE
HOUSEHOLD_FILE
HOUSEHOLD_TYPE_SCRIPT

ACTIVITY/TransitACTIVITYRT1
vehicle/Vehicle.txt
population/HouseholdTransit.txt
population/Household_Type2.txt

NEW_PLAN_FILE
NEW_PROBLEM_FILE

demand/TransitPlanRT1
results/TransitRoute_ProblemsRT1

TIME_OF_DAY_FORMAT
#PERCENT_RANDOM_IMPEDANCE
RANDOM_NUMBER_SEED

SECONDS
20
12345

NODE_LIST_PATHS
ROUTE_SELECTED_MODES
ROUTE_WITH_SPECIFIED_MODE
LIMIT_PARKING_ACCESS
IGNORE_TIME_CONSTRAINTS

YES
3
3
YES
TRUE

WALK_SPEED
WALK_TIME_VALUE
FIRST_WAIT_VALUE
TRANSFER_WAIT_VALUE
VEHICLE_TIME_VALUE

1.5
90
20
60
15

MAX_WALK_DISTANCE
MAX_WAIT_TIME
MAX_NUMBER_TRANSFERS

3000
180
1
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PlanPrep Control File
TITLE
PROJECT_DIRECTORY
INPUT_PLAN_FILE
OUTPUT_PLAN_FILE
PLAN_SORT_OPTION

Sort Plan Files
../
demand/TransitPlanRT1
demand/TimePlanRT
TIME
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Microsimulater Control File
TITLE

New Orleans Microsimulation

#---- Input Files ---PROJECT_DIRECTORY
../
NET_DIRECTORY
../network/
NET_NODE_TABLE
Node
NET_LINK_TABLE
Link
NET_POCKET_LANE_TABLE
Pocket_Lane
NET_PARKING_TABLE
Parking
NET_LANE_CONNECTIVITY_TABLE
Lane_Connectivity
NET_ACTIVITY_LOCATION_TABLE
Activity_Location_1RT
NET_PROCESS_LINK_TABLE
Process_Link_1RT
NET_UNSIGNALIZED_NODE_TABLE
Unsignalized_Node
NET_SIGNALIZED_NODE_TABLE
Signalized_Node
NET_TIMING_PLAN_TABLE
Timing_Plan
NET_PHASING_PLAN_TABLE
Phasing_Plan
NET_DETECTOR_TABLE
Detector
NET_SIGNAL_COORDINATOR_TABLE
Signal_Coordinator
#NET_LANE_USE_TABLE
../../ReportBaseModel/Lane_Use
NET_TRANSIT_STOP_TABLE
Transit_Stop_scen1RT
#NET_TRANSIT_FARE_TABLE
Transit_Fare_scen1RT
NET_TRANSIT_ROUTE_TABLE
Transit_Route_scen1RT
NET_TRANSIT_SCHEDULE_TABLE
Transit_Schedule_scen1RT
NET_TRANSIT_DRIVER_TABLE
Transit_Driver_scen1RT
VEHICLE_FILE
VEHICLE_TYPE_FILE

vehicle/Vehicle.txt
vehicle/VehType

PLAN_FILE
NODE_LIST_PATHS

Demand/TimePlanRT
Yes

#---- Parameters Controlling the Simulation ---CELL_SIZE
TIME_STEPS_PER_SECOND
TIME_OF_DAY_FORMAT
TIME_OF_DAY_FORMAT
SIMULATION_START_TIME
SIMULATION_END_TIME
SPEED_CALCULATION_METHOD
PLAN_FOLLOWING_DISTANCE
LOOK_AHEAD_TIME_FACTOR
LOOK_AHEAD_LANE_FACTOR
LOOK_AHEAD_DISTANCE

7.5
1
24_HOUR_CLOCK
SECONDS
0:00
50:00
CELL-BASED
525
1.0
4.0
260

MAXIMUM_SWAPPING_SPEED
SLOW_DOWN_PROBABILITY
SLOW_DOWN_PERCENTAGE

22.5
8
10

DRIVER_REACTION_TIME
RANDOM_NUMBER_SEED

0.7
333333333

MINIMUM_WAITING_TIME
MAXIMUM_WAITING_TIME
MAX_DEPARTURE_TIME_VARIANCE

180
9000
180
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180

#---- Output Files and associated control keys ----NEW_PROBLEM_FILE
#NEW_PROBLEM_FORMAT
#MAX_SIMULATION_ERRORS
OUTPUT_SNAPSHOT_FILE_1
OUTPUT_SNAPSHOT_FORMAT_1
OUTPUT_SNAPSHOT_TIME_FORMAT_1
OUTPUT_SNAPSHOT_INCREMENT_1
OUTPUT_SNAPSHOT_TIME_RANGE_1
##OUTPUT_SNAPSHOT_LINK_RANGE_1

results/Msim_ProblemsRT
VERSION3
100000
results/Snapshot1RT
VERSION3
SECONDS
1
21600..22200
2..10, 14..16, 18, 20

OUTPUT_SNAPSHOT_FILE_2
results/Snapshot2RT
OUTPUT_SNAPSHOT_FORMAT_2 VERSION3
OUTPUT_SNAPSHOT_TIME_FORMAT_2
SECONDS
OUTPUT_SNAPSHOT_INCREMENT_2
1
OUTPUT_SNAPSHOT_TIME_RANGE_2
46800..47400
##OUTPUT_SNAPSHOT_LINK_RANGE_2
2..10, 14..16, 18, 20
OUTPUT_SNAPSHOT_FILE_3
results/Snapshot3RT
OUTPUT_SNAPSHOT_FORMAT_3 VERSION3
OUTPUT_SNAPSHOT_TIME_FORMAT_3
SECONDS
OUTPUT_SNAPSHOT_INCREMENT_3
1
OUTPUT_SNAPSHOT_TIME_RANGE_3
64800..65400
##OUTPUT_SNAPSHOT_LINK_RANGE_3
2..10, 14..16, 18, 20
OUTPUT_SNAPSHOT_FILE_4
results/Snapshot4RT
OUTPUT_SNAPSHOT_FORMAT_4 VERSION3
OUTPUT_SNAPSHOT_TIME_FORMAT_4
SECONDS
OUTPUT_SNAPSHOT_INCREMENT_4
1
OUTPUT_SNAPSHOT_TIME_RANGE_4
48600..49200
##OUTPUT_SNAPSHOT_LINK_RANGE_4
2..10, 14..16, 18, 20
OUTPUT_SNAPSHOT_FILE_5
results/Snapshot5RT
OUTPUT_SNAPSHOT_FORMAT_5 VERSION3
OUTPUT_SNAPSHOT_TIME_FORMAT_5
SECONDS
OUTPUT_SNAPSHOT_INCREMENT_5
1
OUTPUT_SNAPSHOT_TIME_RANGE_5
49200..49800
##OUTPUT_SNAPSHOT_LINK_RANGE_5
2..10, 14..16, 18, 20
OUTPUT_SNAPSHOT_FILE_6
results/Snapshot6RT
OUTPUT_SNAPSHOT_FORMAT_6 VERSION3
OUTPUT_SNAPSHOT_TIME_FORMAT_6
SECONDS
OUTPUT_SNAPSHOT_INCREMENT_6
1
OUTPUT_SNAPSHOT_TIME_RANGE_6
0..86400
##OUTPUT_SNAPSHOT_LINK_RANGE_6
2..10, 14..16, 18, 20
OUTPUT_SUMMARY_TYPE_1
OUTPUT_SUMMARY_FILE_1
OUTPUT_SUMMARY_FORMAT_1
OUTPUT_SUMMARY_TIME_FORMAT_1
OUTPUT_SUMMARY_INCREMENT_1
OUTPUT_SUMMARY_TIME_RANGE_1
##OUTPUT_SUMMARY_LINK_RANGE_1

PERFORMANCE
results/PerformanceRT
TAB_DELIMITED
24_HOUR_CLOCK
900
0..27
2..10, 14..16, 18, 20

OUTPUT_SUMMARY_TYPE_2
OUTPUT_SUMMARY_FILE_2
OUTPUT_SUMMARY_FORMAT_2
OUTPUT_SUMMARY_INCREMENT_2

LINK_DELAY
results/LinkDelayRT
VERSION3
900
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0..172800

OUTPUT_PROBLEM_TYPE_1
LANE_CONNECTIVITY, WAIT_TIME
OUTPUT_PROBLEM_FILE_1
ProblemLink
OUTPUT_PROBLEM_FILTER_1
100
OUTPUT_PROBLEM_INCREMENT_1
3600
OUTPUT_PROBLEM_TIME_RANGE_1
0..172800
OUTPUT_RIDERSHIP_FILE_1
results/RidershipRT
OUTPUT_RIDERSHIP_FORMAT_1 TAB_DELIMITED
OUTPUT_RIDERSHIP_TIME_FORMAT_1
24_HOUR_CLOCK
OUTPUT_RIDERSHIP_TIME_RANGE_1
0..172800
#OUTPUT_RIDERSHIP_ROUTE_RANGE_1 0
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Appendix B
Sample Activity Survey Files for the Transit Simulation
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Household File
HHOLD
PERSONS WORKERS VEH
2000000
1
2
2000001
1
2
2000002
1
2
2000003
1
2
2000004
1
2
2000005
1
2
2000006
1
2
2000007
1
2
2000008
1
2
2000009
1
2
2000010
1
2
2000011
1
2
2000012
1
2
2000013
1
2
2000014
1
2
2000015
1
2
2000016
1
2
2000017
1
2
2000018
1
2
2000019
1
2
2000020
1
2
2000021
1
2
2000022
1
2
2000023
1
2
2000024
1
2
2000025
1
2
2000026
1
2
2000027
1
2
2000028
1
2
2000029
1
2
2000030
1
2
2000031
1
2
2000032
1
2
2000033
1
2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

INCOME TYPE
LOCATION
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
20000
1
-1
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20000
20000
20000
20000

Population File
HHOLD
PERSON AGE
GENDER WORK
RELATE
2000000
1
40
1
2
4
2000001
1
40
1
2
4
2000002
1
40
1
2
4
2000003
1
40
1
2
4
2000004
1
40
1
2
4
2000005
1
40
1
2
4
2000006
1
40
1
2
4
2000007
1
40
1
2
4
2000008
1
40
1
2
4
2000009
1
40
1
2
4
2000010
1
40
1
2
4
2000011
1
40
1
2
4
2000012
1
40
1
2
4
2000013
1
40
1
2
4
2000014
1
40
1
2
4
2000015
1
40
1
2
4
2000016
1
40
1
2
4
2000017
1
40
1
2
4
2000018
1
40
1
2
4
2000019
1
40
1
2
4
2000020
1
40
1
2
4
2000021
1
40
1
2
4
2000022
1
40
1
2
4
2000023
1
40
1
2
4
2000024
1
40
1
2
4
2000025
1
40
1
2
4
2000026
1
40
1
2
4
2000027
1
40
1
2
4
2000028
1
40
1
2
4
2000029
1
40
1
2
4
2000030
1
40
1
2
4
2000031
1
40
1
2
4
2000032
1
40
1
2
4
2000033
1
40
1
2
4
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2
2
2
2

4
4
4
4

Activity File
HHOLD
per
act purpose START
END
DUR
mod veh loc pass
2000000
1
1
0
0:00
11:00 11:00:00
1
0
1
0
2000000
1
2
5
11:05 44:00:00 32:55:00
3
0
2
0
2000000
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000001
1
1
0
0:00
12:00 12:00:00
1
0
1
0
2000001
1
2
5
12:05 44:00:00 31:55:00
3
0
2
0
2000001
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000002
1
1
0
0:00
19:00 19:00:00
1
0
1
0
2000002
1
2
5
19:05 44:00:00 24:55:00
3
0
2
0
2000002
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000003
1
1
0
0:00
2:00
2:00:00
1
0
1
0
2000003
1
2
5
2:05 44:00:00 41:55:00
3
0
2
0
2000003
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000004
1
1
0
0:00
0:17
0:17:00
1
0
1
0
2000004
1
2
5
0:20 44:00:00 43:40:00
3
0
2
0
2000004
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000005
1
1
0
0:00
6:00:00
6:00:00
1
0
1
0
2000005
1
2
5
6:05 44:00:00 37:55:00
3
0
2
0
2000005
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000006
1
1
0
0:00
11:15 11:15:00
1
0
1
0
2000006
1
2
5
11:20 44:00:00 32:40:00
3
0
2
0
2000006
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000007
1
1
0
0:00 24:00:00 24:00:00
1
0
1
0
2000007
1
2
5 24:05:00 44:00:00 19:55:00
3
0
2
0
2000007
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000008
1
1
0
0:00
19:00 19:00:00
1
0
1
0
2000008
1
2
5 19:05:00 44:00:00 24:55:00
3
0
2
0
2000008
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000009
1
1
0
0:00
12:00 12:00:00
1
0
1
0
2000009
1
2
5
12:25 44:00:00 31:35:00
3
0
2
0
2000009
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
2000010
1
1
0
0:00
1:00
1:00:00
1
0
1
0
2000010
1
2
5
1:02 44:00:00 42:58:00
3
0
2
0
2000010
1
3
0 45:00:00 46:00:00
1:00:00
8
0
1
1
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1
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44:00:00
46:00:00
7:00
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27:00:00
16:37:00
1:00:00
7:00:00

1
3
8
1

0
0
0
0

1
2
1
1

0
0
1
0

