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Introduction

The Kansas City Institute of Transportation Engineers (KCITE) selected a committee to review transportation modeling software and their use in the seven-county KCITE region.  The task included conducting a survey of modelers to define the criteria for the literature search.  The survey was to also provide a region-wide review of standard practices among the various models in use.  

This paper includes two main parts.  The first part summarizes the survey and the findings while the second part summarizes the findings of the literature search.  

KCITE User Survey

A survey for users of travel demand model was included in the surveys prepared by KCITE Subcommittees in 2004.  The survey was targeted specifically for users of travel demand models in the KCITE area.  13 persons completed the survey which is a good representation of those who regularly use travel demand software in the KCITE area.  The survey with totaled responses is included at the end of this report.  
The survey provided the following information:

· 7 of the 13 respondents were directly responsible for the day-to-day maintaining of a model in the KCITE area;

· 7 of the respondents had 0 to 5 years and 6 had 5 to 10 years experience with models;

· 10 of the 13 respondents maintained models for communities over 50,000 in population

· TModel still is the most used software (9), Tranplan was second (6), TransCAD had 4 users.
· There are persons planning to change to TransCAD and VISSUM

· 8 respondents model the peak hour, 5 model daily traffic

· Most wanted the models to model intersection turning movements

· Many of the models have been updated or are being updated now or in the last year

· Just over half take model output into simulation models

· Technical issues include getting good socio-economic forecasts and external model trip estimates

· The regional travel models are the primary source of external trips, although some just use the regional model for comparison purposes.

· Modelers are using a range of forecast years, 2010, 2020, 2030 and buildout

· There is a lot of use of models for testing traffic impacts of development

· Most people are using ITE rates for trip generation
· Most everyone wants to use GIS to show output and prepare inputs

· The wide range of responses suggests that there is a lot of individualization of use of models
Literature Search

The literature search focused on the abilities and options offered by software popularly used in the KCITE region.  The KCITE region represents a wide variety of potential travel demand model users including Metropolitan Planning Organizations (MPOs), cities with populations of 5,000 to 200,000 people and small town with populations less than 5,000 people.  The local MPOs are currently selecting and implementing software independent of this sub-committee that would best serve their needs.  The discussion included in this report focused on the cities with populations between 5,000 and 200,000 people, as larger MPOs are undertaking their own investigations of travel demand software to fit their unique needs.  

One of the better model comparisons was provided in the Urban Transportation Monitor which conducted a survey of 260 MPOs regarding travel demand models.  The results of the survey were published in October 2001.  Even though the survey is a few years old, it was felt that it provides good basic information about the uses and users of travel demand software.  One of the questions evaluated the present and future travel demand modeling software use by MPOs as reported by 64 respondents.  Table 1 summarizes the findings of the survey.  

Table 1: Present and future travel demand modeling software use by MPOs

	Name of Software
	Percentage of MPOs that use software (%)
	Average number of years software has been used by the MPOs (years)
	Percentage of MPOs that indicated that they plan to change software within the next two years (%)
	Sortware that MPOs plan to acquire (indicated by those who plan to change)

	TransCAD
	23
	2.1
	0
	Not applicable

	Tmodel
	8
	7.5
	50
	EMME/2

	EMME/2
	9
	9.2
	20
	TRANSIMS

	Tranplan
	49
	7.1
	62
	TransCAD, TP+/Viper

	TP+/Viper
	11
	2.0
	0
	Not applicable

	Minutp
	6
	8.5
	100
	TransCAD, TP+/Viper

	FSUTMS
	2
	18
	0
	Not applicable

	TRIPS
	2
	10
	0
	Not applicable


Source: Urban Transportation Monitor, October 12, 2001

Most respondents of the survey were either satisfied with their current software package or were looking to transfer to EMME/2, TransCAD, TP+ or Viper.  Therefore, the literature search focused on the abilities of these three packages.  In addition, since 2001, VISUM has been introduced to the market and has been accepted by most modelers as good software.  Therefore, we included review of VISUM to the literature search.  

During this search we first defined the criteria to evaluate the software and provided brief descriptions of the software abilities for each of the criteria.  Based on the abilities of the software, conclusions were developed for adoption in the KCITE region.  

Criteria

The sub-committee for literature search evaluated various criteria for each of the software.  These criteria were comprehensive but not exhaustive.  It reflected the results of the survey conducted in the region.  The criteria included: 

· Retail price

· Type of package – modular or single entity

· Formats for data import and export, size

· Four-step process

· Trip generation options

· Trip distribution options

· Modal split options

· Trip assignment for traffic and transit

· Integration with Geographic Information System (GIS) packages

· Geocoding of Origin-Destination (O-D) surveys

· Analysis of non-motorized travel and 

· Compatibility with land use models.  

Comparison of software

EMME/2

EMME/2 uses the standard four-step process of modeling.  The listed price of a single-user license is $ 9,000 and varies with computing platform and application size.  Multiple license discounts and academic discounts are also available.  The software is modular in nature.  However, all modules are sold as a single entity and the listed price includes all the modules and an alternative graphical interface called Enif.  In essence, EMME/2 is very flexible in that specific model parameters and model equations are used to complete the four step model process.  The flip side to the flexibility, is that the modeler must be able to provide all of the basic formulations, very little is provided in terms of default parameters or default formulations.  Basically, the users creates the model themselves.
Data import and export, size

EMME/2 support ASCII text files, shape files and dBase files for importing data.  The software is only capable of exporting to ASCII files.  The software is limited to 6,000 zones, 150,000 links, 60,000 nodes and 24,000 transit lines.  

Four-step process

Trip generation

EMME/2 can implement trip-generation using either regression, cross-classification or trip rates.  These methods can be implemented using a matrix calculator.  

Trip distribution

Trip distribution can be implemented using the gravity model or the FRATAR method.  Any trip distribution model, calibration to observed trip length distribution and matrix adjustment using observed counts can be implemented using matrix balancing procedures.  

Modal split

EMME/2 supports implementation of logit and nested logit methods.  Further, any demand function may be used.  

Trip assignment

Traffic

EMME/2 has a versatile assignment procedure and allows using any of the following methods: 

· All or nothing

· Capacity restraint

· Intersection based capacity restraint

· Stochastic/probabilistic

· Incremental

· Equilibrium or 

· Dynamic.  

Further, it allows multimodal and multiclass equilibrium assignment for stochastic user equilibrium, high-occupancy vehicles (HOV), trucks and generalized cost functions.  The software also uses fixed or variable demand, background traffic and intersection turning movement delays as part of its trip assignment.  

Transit

Similar to the traffic trip assignment, EMME/2 is very versatile and can use transit system based, route based, timetable based or multipath assignment procedures.  

GIS and integration with GIS packages

Enif is an alternative interface to access EMME/2 data banks, shape files and dBase files.  Enif is distributed with EMME/2 at no extra charge.  In addition, INRO has developed procedures to transfer data between EMME/2 and Arcinfo.  Experienced users have also developed ad hoc interfaces with other GIS packages.  

Geocoding of O-D surveys

EMME/2 does not support or provide any abilities for geocoding of O-D surveys.  

Non-motorized travel

EMME/2 permits analysis of walk trips, bicycle trips and other non-motorized modes.  

Compatibility with land use models

Interfaces with land use methods as MEPLAN, EMPAL/DRAM have been developed and can be used with EMME/2.  

CUBE

CUBE is a family of software products that form a complete travel forecasting system. CUBE is comprised of CUBE base and add-on libraries of planning functions.  This structure allows the professional planner to add functions as required without the need to learn a new interface and without the need to create multiple planning databases.  CUBE is the latest incarnation of the traditional travel demand model packages that included the FHWA sponsored UTPS, and the privately developed Tranplan and MinUTP.
CUBE is a modular system and pricing of the modules ranges from $3,500 to $12,500.  Multi-seat and research discounts are available.  An user of CUBE would acquire CUBE base as an interface and add one or more of the modules as TP+, TRANPLAN, TRIPS or MINUTP for passenger forecasting, commodity flow forecasting, microsimulation, matrix estimation or land use.  Cube Voyager combines the latest in Citilabs' technologies for the forecasting of personal travel and it uses a modular and script-based structure allowing the incorporation of any model methodology ranging from standard four-step models, to discrete choice to activity-based approachesCube  CUBE Base and voyager cost $6,000 and $6,500.
Data import and export, size

CUBE allows importing dBase files, Microsoft excel, comma-separated values (CSV), ASCII text files, shape files and all major graphics formats as GIF, TIFF etc.  CUBE can export to dBase, Microsoft Excel, CSV, ASCII and shape files.  There are no limitations on size for the number of zones, links, nodes or transit lines.  

Four-step process

Trip generation

CUBE can perform trip generation using either regression, cross-classification or trip rates.  Activity, discrete choice records based processing can also be implemented in CUBE.  
Trip distribution

Similar to EMME/2, CUBE can distribute the trips using either the standard gravity model or the FRATAR method.  Processing may be performed using activity, discrete choice or records based processing.  
Modal split

CUBE allows both the logit and nested logit methods of modal split.  CUBE allows both the zonal level and disaggregate application of modal split.  
Trip assignment

Traffic

CUBE can perform traffic assignment using any of the following methods:  

· All or nothing

· Capacity restraint

· Intersection based capacity restraint

· Stochastic/probabilistic

· Incremental

· Equilibrium or 

· Dynamic.  

It performs full junction based modeling, complex toll, High-Occupancy Toll (HOT) and HOV models.  
Transit

Similar to the traffic trip assignment, CUBE can use transit system based, route based, timetable based or multi-path assignment procedures.  Further, it allows discrete multi-routing during the transit trip assignment.  
GIS and integration with GIS packages

CUBE permits direct usage of ArcGIS.  It also has the ability to export to other GIS packages.  ESRI, the developer of Arcinfo is a business partner with Citilabs.  

Geocoding of O-D surveys

This functionality is provided via linkages to/from ArcGIS.  

Non-motorized travel

CUBE can be used to model and simulate pedestrian and bicycle travel.  

Compatibility with land use models

CUBE is currently integrated with several packages including Urbanism and EMPAL/DRAM.  

TransCAD

TransCAD is a GIS designed specifically to store, display, manage and analyze transportation data.  TransCAD combines GIS and transportation modeling capabilities in a single integrated platform. TransCAD can be used for all modes of transportation, at any scale or level of detail.  

 TransCAD Standard License costs $9,995.  Multiple license discounts, academic discount and  discounted prices in many states and regions are also available.  TransCAD is popular in that the look and operation of the software is very GIS menu oriented.  Persons who are familiar with GIS software such as ArcGIS often find this software easy to use.
Data import and export, size

TransCAD is versatile in importing and exporting data.  Of particular interest is its ability to transfer data between other modeling software as Tranplan, MINUTP, TP+, EMME/2, Tmodel etc.  There are no limits on the number of zones, number of links, nodes or transit lines in TransCAD.  

Four-step process

Trip generation

TransCAD can perform trip generation using either regression, cross-classification or trip rates.  It can also use Institute of Transportation Engineers (ITE) trip generation rates, logit, user defined macros and user written programs.  TransCAD can also apply microsimulation options.  

Trip distribution

TransCAD can estimate and apply gravity models, destination choice (aggregate and disaggregate), tri-proportional FRATAR and gravity models, simultaneous gravity assignment and estimation from counts.  

Modal split

TransCAD allows both the logit and nested logit methods of modal split.  It also permits household or personal level of microsimulation.  

Trip assignment

Traffic

TransCAD can perform traffic assignment using any of the following methods:  

· All or nothing

· Capacity restraint

· Intersection based capacity restraint

· Stochastic/probabilistic

· Incremental

· Equilibrium or 

· Dynamic.  

TransCAD is also capable of using stochastic user equilibrium, general cost assignment, HOV assignment, multi-user and multi-class assignment, toll road assignment, assignment with intersection turn delays and signal optimization  
Transit

TransCAD can use transit system based, route based, timetable based or multi-path assignment procedures and stochastic equilibrium assignment with route capacities.  
GIS and integration with GIS packages

TransCAD is a true GIS package and links easily to ArcView, ArcGIS, Mapinfo and MAPTITUDE.  Models can run on true GIS networks and TAZ layers and maintains accurate GIS-based link shape, network topology and network distances.  TransCAD also provides advanced geographic editing for networks and includes conflation and interchange editing tools.  

Geocoding of O-D surveys

Full support for geocoding is provided in TransCAD with provided street layer and user-supplied street files.  Address matching is also possible to street locations, intersection, zip codes and centroids.  GPS support and reverse geocoding is also provided.  

Non-motorized travel

TransCAD can have separate and fully integrated networks for bicycles and pedestrians.  All model components work well for pedestrian and bicycle trips.  Pedestrian links can be full street networks or walk links included in transit networks.  Sidewalks can also be included in a network.  

Compatibility with land use models

TransCAD is compatible with virtually all land use models and can be linked to them through GIS files.  TransCAD can host the input and output data from land use models, display and color code parcel and land use data directly and can transform data between disparate zone systems and networks.  

VISUM

VISUM is a comprehensive, flexible software system for transportation planning, travel demand modeling and network data management.  Designed for multimodal analysis, VISUM integrates all relevant modes of transportation into one consistent network model.  VISUM provides assignment procedures and 4-stage modeling routines to meet the requirements of all the different modes.  The product vendor PTG acquired the travel demand software TModel2.  TModel2 has been very popular with a number of communities in the KCITE area because it modeled the peak hour which provides direct or nearly direct input for intersection capacity analysis.  TModel2 was also relatively easy to use as compared to the other packages of that time.  VISUM is in the process of integrating the peak hour features of TModel2.  VISUM was developed in Europe, has excellent multi-modal modeling capabilities and appears to be easy to work with, similar to the other products now on the market.
VISUM Base Version for modeling up to 400 Zones costs $5,000 and VISUM X-Large Version for modeling up to 5000 zones costs $20,000.  Multiple license discounts and discounts for users of Tmodel and VISSIM are also available.  The standard VISUM package contains all features that are useful for MPO type planning and modeling.  There are specialized modules available, mainly for transit service planning, that are complimentary.  

Data import and export, size

Similar to TransCAD, VISUM has expansive data import and export abilities built into the software.  VISUM is able to exchange data between other modeling packages as Tmodel, EMME/2, Tranplan, MINUTP, QRS and TransCAD.  There are no limitations in size for the number of zones, links, nodes or transit lines.  

Four-step process

Trip generation

VISUM can generate trips using regression, cross-classification, trip rate daily activity schedules and time of day generation methods.    

Trip distribution

Trip distribution in VISUM can be performed using the gravity model, FRATAR method and trip chain building from activity schedules.  

Modal split

VISUM allows user specific models and nested logit.  Specific visual basic scripts using VISUM’s objects and methods can also be used to develop logit models.  

Trip assignment

Traffic

VISUM can perform traffic assignment using any of the following methods:  

· All or nothing

· Capacity restraint

· Intersection based capacity restraint

· Stochastic/probabilistic

· Incremental

· Equilibrium or 

· Dynamic.  

All methods are available as multi-class (single occupant vehicle, HOV and truck) assignment models.  The path-based equilibrium approach converges better and faster than the conventional procedure.  The assignment features of Tmodel are available in VISUM as well as multi-point assignment that forces trips into multiple path stating points.  VISUM also allows assignment using intersection delays.  Unique to VISUM is the bi-criterion user equilibrium for road pricing analysis.  
Transit

VISUM can use transit system based, route based, timetable based or multi-path assignment procedures and stochastic equilibrium assignment with route capacities.  It also allows a user definable path choice model and direct assignment of transit itineraries from survey records or electronic ticketing.  
GIS and integration with GIS packages

VISUM maintains a geographically accurate street network, including the exact shape and length of links.  The boundaries of zones and higher-level area objects are maintained as part of the data set.  As in GIS software, all network objects can have as many user-defined data variables as wished.  VISUM also allows additional non-network geography layers like land-use/zoning rivers, etc.  As a result of PTV’s cooperation with ESRI, VISUM provides import and export ability of networks and other information to ESRI’s personal geodatabase (p-GDB) where the scenarios can be conflated and spatially analyzed.  VISUM also has a powerful menu for thematic mapping of networks and non-network geography allowing GIS-type display and printing.  

Geocoding of O-D surveys

VISUM uses external tools as MapServer and AddressLocator to achieve this task.  

Non-motorized travel

Walk and bike trips are included in the trip chain model as mode choice alternatives.  During assignment they can be modeled as simple transit access mode or even with separate route choice in a full street network.  

Compatibility with land use models

The user can define attributes for the zones or for higher-level area objects.  All results from a land use model can be imported into these attributes to be of use in the modeling process.  In addition, zoning/parcel layers can be displayed and color-coded.  

Conclusion

Urban transportation planning is the process that leads to decisions on transportation policies and programs. In this process, planners develop information about the impacts of implementing alternative courses of action involving transportation services.  The planning process relies on travel demand forecasting to predict the impacts that various policies and programs will have on travel in the urban area.  

This literature search focused on four software packages that are popular.  Criteria were defined as a result of the survey conducted in the KCITE region.  The criteria were then applied to the four software packages in an attempt to quantify their abilities.  Table 2 is a summary of the abilities of the software for the criteria.  

The literature search discovered that all four packages are capable of performing the standard four-step modeling process and all of them rely on it to forecast future traffic volumes.  The user-friendliness of software varies along with the ability to perform different tasks.  The purpose of this paper was to provide baseline information of the various software packages to help communities make decisions on what software to use.  A prioritization of what the jurisdiction would require their software to do is recommended prior to selecting the package.  Based on the priority, the jurisdiction can select the best software for their needs.  

This committee did not have the resources to perform a test-scenario to document a true comparison of the packages.  This may be required to provide a better comparison of the packages.  It is generally felt that each of the software reviewed would provide the platform to achieve good modeling results.  Comfort levels and results will vary by individual person and by the individual scope of the project.  
Table 2: Summary of literature search

	Criteria
	EMME/2
	CUBE
	TransCAD
	VISUM

	Retail price
	$9,000
	$3,500 to $12,500
	$2,995 to $9,995
	$5,000 to $20,000

	Type of package (modular/single entity)
	Single entity
	Modular
	Single entity
	Modular

	Formats for data import and export
	Import: 

ASCII, Shape files, dBase

Export: 

ASCII
	Import: 

dBase, XLS, CSV, ASCII, Shape, graphics. 

Export: 

dBase, XLS, CSV, ASCII, Shape
	Import: 

ASCII, CSV. DBF, BIN, XLS, SHP, DGN, DXF, Tranplan, Emme/2, Tmodel, graphics etc. 

Export: 

ASCII, CSV, DBF, BIN, SHP, DXF, graphics, Emme/2, TP+, Tranplan, MinUTP.  
	Import:

Access, ODBC, DBF, ASCII, CSV, graphics, ESRI, SHP, p-GDB, Mapinfo, Tmodel, Emme/2, Tranplan, MinUTP, QRS, TransCAD. 

Export: 

Access, DBF, ASCII, CSV, XLS, DXF, graphics, p-GDB, Mapinfo, Tmodel, Emme/2

	Size limitations
	Zones = 6,000

Links = 150,000

Nodes = 60,000

Transit = 24,000
	Unlimited
	Unlimited
	Unlimited

	Trip generation options1
	a, b, c (Any method can be implemented using matrix calculator) 
	a, b, c, activity discrete choice, records –based processing
	a, b, c, ITE rates, logit, user defined macros and user written programs, microsimulation
	a, b, c, daily activity schedules and time of day generation

	Trip distribution options 2
	a, b (2D and 3D trip distribution models, calibration to observed trip length distribution, matrix adjustment using observed counts, any method can be implemented using matrix balancing procedures). 
	a, b; activity , discrete choice, records-based processing
	a, b, estimation and application of gravity models, destination choice, tri-proportional fratar and gravity, simultaneous gravity assignment, estimation from counts
	A,b; trip chain building from activity schedules

	Modal split options
	Logit and nested logit; any demand function may be used
	Logit and nested logit. Provides both zonal level and full disaggregate application
	Logit and nested logit; household or personal level microsimulation
	User specific models, including nested logit, can be specified in visual basic scripts using VISUM’s COM objects and methods. 

	Trip assignment – traffic 3
	a, b, c, d, e, f; versatile assignment procedure, multi-modal and multi-class equilibrium. 
	a, b, c, d, e, f; full junction based modeling, complex toll, HOT and HOV models.  
	a, b, c, d, e, f; stochastic user equilibrium, general cost assignment, etc. 
	a, b, c, d, e, f; bi-criterion user equilibrium, multi-point assignment etc. 


	Criteria
	EMME/2
	CUBE
	TransCAD
	VISUM

	Trip assignment – transit4
	a, b, c, d; versatile procedure, multi-modal and multi-class assignment, cost functions, fares and capacity constrained assignment
	a, b, c, d discrete multi-routing
	a, b, c, d; stochastic equilibrium assignment with route capacities
	a, b, c, d – multi-path, definable path choice model, direct assignment of transit itineraries from survey records or electronic ticketing

	GIS
	Enif is an alternative interface that accesses EEME/2 data banks, SHP and DBF files.  INRO has developed procedures to transfer data to and from Arcinfo.  
	Direct usage of ArcGIS, ability to export to other packages, ESRO
 business partner
	True GIS package and links easily to ArcView, ArcGIS, MapInfo and Maptitude.  
	Maintains geographically accurate street-network.  Has a powerful menu for thematic mapping of networks and non-network geography.  

	Geocoding of O-D surveys
	None
	Provided via linkages to/from ARCGIS
	Provided with street layer and user-supplied street files. 
	External tool: MapServer and AddressLocator are available. 

	Non-motorized travel analysis
	Walk trips, bicycle trips and other non-motorized modes an be modeled
	Model and simulate pedestrian and bicycle travel
	Separate and fully integrated networks.  
	Walk and bike have been included in the trip chain model.  In assignment, they can be modeled as simple transit access mode or with separate route choice.  

	Compatibility with land use models
	Interface with land-use methods
	Currently integrated with several packages
	Compatible with virtually all land use models.  
	Can define attributes for the TAZ.  Results from a land use model can be imported into these attributes to be used in the modeling process.  

	
	
	
	
	

	Notes: 

1. Trip generation options are: 

a. Regression analysis

b. Cross classification

c. Trip rates

2. Trip distribution options are: 

a. Gravity model

b. FRATAR model

c. Other


	3. Trip assignment – traffic options are: 

a. All or nothing

b. Capacity restraint

c. Intersection based capacity restraint

d. Stochastic/probabilistic

e. Incremental

f. Equilibrium

g. Dynamic

4. Trip assignment – transit options are: 

a. Transit system based

b. Route based

c. Timetable based

d. Multi-path


Source: Urban Transportation Monitor, October 12, 2001
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