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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 cityôs 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 th e 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 ñBase 

Modelò 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 ñground-truthò 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, error-

checking, 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 

evacueeôs 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 cityôs 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 micro-

level, 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 Transportationôs 

(DOT) evaluation of I-26 in the Charleston region (1), the Texas Transportation Instituteôs (TTI) 

study of I-39 out of Corpus Christi (3), the North Carolina DOTôs 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 cross-

state 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 peer-

reviewed. 
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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 ñscenario runsò 

can be executed and ñshelvedò 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 ñBase 

Modelò 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 ñscaled-down versionò 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 regionôs 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 yearôs 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 ñtunedò 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 ñground-truthò 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 ñvalidatedò 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 ï 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 ñHow Toò 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 Microsoftôs 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:  

 IDôs, 

 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 ñcontraflowò 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 Associationôs 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 

ódevelopment siteô.  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 ï for this project the parishes of Orleans, Jefferson, St. Tammany, St. Bernard, and 

Plaquemines ï 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 website
1
: 

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. 

http://www.census.gov/geo/www/cob/bdy_files.html
http://www.census.gov/geo/www/cob/pu5_2000.html
http://arcdata.esri.com/data/tiger2000/tiger_download.cfm
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Description File as per 1990 Census File as per Census 2000 

Family households 

Age of the householder P24 P13 

Household Size P16 P14 

Family income P107 P76 

Non-family households 

Age of householder P24 P 13 

Household Size P16 P14 

Non-family household 

income 

P110 P79 

All Households 

Vehicles per household 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  

TRANSIMS Data Field Identifier  

NoMetroArea_LA_SF_Family_HH.xls 

Age of the householder |P013003|-|P013010| |HHAGE1|-|HHAGE8| 

Household Size |P014003|-|P014008| |HHSIZE2| -|HHSIZE7| 

Family income |P076002|-|P076017| |HHINCOME1|-|HHINCOME16| 

NoMetroArea_LA_SF_NonFamily_HH.xls 

Age of householder |P013012|-|P013019| |HHAGE1|-|HHAGE8| 

Household Size |P014010|-|P014016| |HHSIZE1|-|HHSIZE7| 

Non-family household 

income 

|P079002|-|P079017| |HHINCOME1|-|HHINCOME16| 

NoMetroArea_LA_SF_All_HH_VEHICLES.xls 

Age of the householder |P013003|-|P013010| 

|P013012|-|P013019| 

|HHAGE1|-|HHAGE8| 

Household Size |P014003|-|P014008| 

|P014010|-|P014016| 

|HHSIZE1| -|HHSIZE7| 

Family income |P076002|-|P076017| 

|P079002|-|P079017| 

|HHINCOME1|-|HHINCOME16| 

Vehicles per household |P044003|-|P044008| |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 non-

family.  The total counts for two person families were added to the two-person count for non-

family 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  SF 3 Corresponding Table PUMA Name 

Household 

HHOLD H01 SERIALNO 

PUMA NA PUMA5 

WEIGHT NA HWEIGHT 

HHSIZE P14 PERSONS 

VEHICLE H44 VEHICL 

HHTYPE P14 HHT 

HHINCOME P76,P79 HINC 

Person 

HHOLD H01 SERIALNO 

PERSON P01 PNUM 

RELATIONSHIP P14 RELATE 

AGE P13 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. 

http://www2.census.gov/census_2000/datasets/PUMS/FivePercent/Louisiana/PUMS5_51.TXT
http://www.census.gov/prod/cen2000/doc/pums.pdf
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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 ñMetro 

New Orleans and Vicinity Land Useò 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. 










































































































































































































































