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Abstract

The Denver Regional Council of Governments is developing an activity based regional travel model to meet the region’s planning analysis needs.  The model includes microsimulation of daily activity patterns of individuals in a synthetic population; determination of “regular” workplaces and school locations relative to the home; modeling of the times of day, destinations, and modes of tours and trips; and a rigorous validation and sensitivity testing process for the new model.  The model should produce more accurate results for policy testing since it is able to consider a wider range of variables and interactions than a conventional trip based model.

Introduction

The Denver Regional Council of Governments (DRCOG) is the metropolitan planning organization for the rapidly growing Denver area, where the region has developed a comprehensive planning process to deal with the issues confronting the area’s residents, workers, and visitors.  In the course of a model visioning exercise, DRCOG staff, guided by modeling and regional policy experts, concluded that a new, activity based regional travel model was necessary to meet the analytical and planning needs surrounding those issues.

This paper describes the new model currently being developed by DRCOG and its consultants.  The first section describes design of the model and its components.  The second section discusses the approach to model validation, which goes well beyond what has been done for previous models of this type.  The final section discusses the expected ability of the new model to address the analytical needs of the planning process in the Denver region.

Model Design

The new Denver model takes advantage of proven approaches used in other recently developed activity based models.  The approach includes microsimulation of the daily activity patterns of individuals in a synthetic population; determination of “regular” workplaces and school locations in relation to the home location; modeling of the times of day, destinations, and modes of tours and trips; and the use of conventional static highway and transit assignment procedures.  A set of discrete choice models is used to analyze longer term travel decisions such as workplace location and auto ownership, as well as shorter-term decisions such as person level daily activity patterns, and tour and trip level travel decisions.

The key differences between the new model system and conventional models such as DRCOG’s existing “four-step” model system are:

· The consideration of complete daily activity patterns rather than individual independent trips; and

· The disaggregate modeling of each (synthetic) individual in the region rather than the aggregate modeling of trips at the level of the zones into which the Denver region is divided for modeling purposes.

Model System Design

Table 1 lists the component models for the DRCOG system.  The models are numbered in six categories:

1. Longer term models that predict residence, workplace and school locations, and auto ownership.

2. Person-day level models that predict the number of and main purpose of any tours made during the day, as well as whether any additional stops are made for each purpose.

3. Tour-level models that predict the primary destination, main mode, and arrival and departure periods for each tour, as well as the number and purpose of intermediate stops.

4. Trip-level models that predict the location of any intermediate stops, as well as the mode used and departure time for each trip in a tour.

5. Additional models to predict external trips leaving the region, as well as internal trips due to special generators (airport, casinos, mountain recreation, commercial vehicles)

6. Highway and transit assignment algorithms

The models in categories 5 and 6 remain essentially the same as their counterparts in the current trip-based DRCOG model system.  The models in the first four categories, however, are estimated and implemented to be run in a person-by-person activity based microsimulation framework.  In this paper, due to space limitations, we focus on a few key aspects of each of these new models.

Location choice models

These are the models that predict usual work and school locations (models 1.2 and 1.3), as well as the destinations for each tour and trip (3.3 and 4.1).  A key feature of these models is the use of a two-stage approach for predicting activity locations:

1. Prediction of a selected zone, based on zonal characteristics

2. Prediction of a point (address) within that zone, based on point-specific characteristics

The zone-level model uses aggregate land use variables that are summed over all point locations within the zone.  This includes numbers of households, parking spaces, students, and jobs in various economic sectors.  The zone system used in the stage 1 choice described above is approximately the same as that used in the current DRCOG trip-based model, but with the CBD area subdivided so that each city block is a zone, for a total of 2812 zones in the approximately 5,000 square mile model area.  Then, after a zone is predicted, a simple Monte Carlo procedure is used to pinpoint the location within the zone, with probabilities proportional to the number of jobs, students, households, etc., depending on the activity purpose.  The advantage of taking the extra step to predict locations at this finer level is that the subsequent mode choice and time of day choice models can then use point-to-point level of service estimates rather than zone-to-zone estimates. 

In addition to land use variables, the key variable in the location choice models is the accessibility of traveling to each possible location.  The main accessibility variable used in each of the models is:

· 1.2. Usual work location:  Logsum from the work tour mode choice model

· 1.3. Usual school location:  Logsum from the school tour mode choice model

· 3.3. Tour primary location:  Logsum from the purpose-specific tour mode choice model

· 4.1. Intermediate stop location:  Added impedance using the chosen main tour mode

Mode choice models

The mode choice models differ from traditional “trip-based” mode choice models in that there are two distinct sets of mode choice models.  The tour mode choice model determines the primary mode for the tour while the trip mode choice models determine the mode for each individual trip made on that tour, based on the main mode chosen for the tour.  There are 12 different mode alternatives included in the DRCOG models, as listed in Table 2.  Six of the modes are public transit, with rail, premium bus and local bus all separated by walk access vs. drive access (park and ride and “kiss and ride” combined).  The table shows the specific main tour modes that are assumed available for each tour purpose.

The table is listed in a specific hierarchical order, where a tour made by a specific main mode can also include individual trips made by any of the modes in the table below it.  Thus, a rail tour can also include a trip made by local bus.  A walk trip can be a part of any tour, but a walk tour can only include walk trips.  This type of hierarchical approach has been used in most, if not all of the activity based model systems now in use.  While some of the permitted combinations of trip modes in a tour may seem implausible, experience with data in many cities around the world has shown that almost any imaginable combination of modes will be present in a large dataset in a region with a rich variety of modal possibilities.  Allowing such combinations in the model does not measurably increase its complexity.

Because the location choice models predict tour and trip ends at the point level, the mode choice models are applied using point-to-point level of service.  This is very advantageous for walk, bike, and walk-to-transit trips, as well as for very short auto trips, for which zone-to-zone estimates can be very inaccurate.  The approach uses zone-to-zone in-vehicle LOS skims, and adjusts them based on the relative XY coordinate locations of the trip or tour ends (and the locations of transit stops in the zone).

Time of day choice models

The time of day models use the “hybrid duration-discrete choice” approach detailed by Vovsha and Bradley (2004) and also used for model systems in Atlanta, Columbus, and Sacramento.  The model has 48 alternatives, with each 30 minute period of the day as a separate alternative.

The tour level time of day model simultaneously predicts the period arriving at the tour primary destination and the period leaving that same destination, essentially providing a joint time of day and activity duration model.  If all combinations of these periods are available, there are 48 x 49 / 2, or 1176 alternatives.  However, availability is determined after adjusting for the time periods used by all previously simulated (higher priority) tours.  Because the tour to the regular workplace or regular school location is nearly always the highest priority tour of the day, all of the alternatives will be available for the large majority of work and school tours, but many other tours will have large portions of the day already “blocked out” by a work or school tour.  It should be noted that the data available to develop this model includes no information concerning which of a person’s tours in a given day is the highest priority.  The assumption that work and school tours are the highest priority therefore is only that:  an assumption.  The daily activity model in this model system merely predicts such patterns based on statistical correlation of components in daily schedules as present in the estimation data.  Advances in data and model design beyond that presented here will be necessary to more explicitly model tour priority by purpose, and use that information in activity/tour scheduling models.

The trip time of day model is only applied for tours to or from intermediate stops.  For example, if we predict that a person leaves work at a specific time, and we know the location of an intermediate stop on the way home from work and the mode used to that stop, then we also know the travel time to that stop and thus the arrival time at that stop.  In this case, the time of day model only needs to predict the departure time from that stop, which is essentially a joint departure time/activity duration model, with a maximum of 48 alternatives.  For the half tour to the primary destination, the trips are treated in reverse chronological order, predicting the arrival time at intermediate stops rather than the departure time.

Because time of day is predicted conditional on mode choice, the accessibility variables used in the models can be mode-specific.  As traffic assignments will be produced for up to 10 separate periods of the day, the time of day model for car tours and car trips can take into account the origin-destination specific congestion level during each of those periods.  The model can accommodate other congestion measure besides simple travel time.  An example is the travel time on links with volume/capacity ratios above a specific threshold.

Activity pattern models

This model is a variation on the Bowman and Ben-Akiva approach (2001), very similar to one used in Sacramento.  It jointly predicts the number of home-based tours a person undertakes during a day for seven purposes, for all persons in each household (including children of all ages), and the occurrence of additional stops during the day for the same seven purposes.  The seven purposes are work, school, serve passenger, personal business, shopping, meal, and social/recreational.  The pattern choice is a function of many types of household and person characteristics, as well as land use and accessibility at the residence and, if relevant, the regular work location.  The main pattern model (2.1) predicts the occurrence of tours (0 or 1+) and extra stops (0 or 1+) for each purpose, and a simpler conditional model (2.2) predicts the exact number of tours for each purpose.  Then, an additional model (3.2) predicts the number and purpose of work-based subtours made during any work tour.  A similar model (3.6) predicts the exact number and purpose of intermediate stops made on a given half tour.

An interesting feature of the pattern models is the set of accessibility measures used.  The main pattern model uses a set of zone-based mode/destination choice logsums, segmented by auto ownership, proximity to transit, and tour purpose.  For example, one logsum would measure the composite accessibility for shopping tours to all retail establishments (employees) by all modes for a household with no cars and living less than ¼ mile from a transit stop.  This measure influences that household’s propensity to make shopping tours from home, as well as their propensity to make intermediate stopping shops as part of other tours.  Another type of accessibility measure used is car intermediate stop logsums between home and the usual work location, measuring the composite accessibility by car to various types of activities along the route between home and the workplace.  If that accessibility is high, a person is more likely to make intermediate stops on the way to and from work, relative to making additional tours from home.  This creative use of “aggregate logsums” to measure accessibility is what allows us to approximate a fully nested decision tree from top to bottom, while still keeping the model complexity and computer run time at a manageable level.

Model Validation

As with its existing trip-based model, DRCOG is committed to rigorous validation and sensitivity testing of their new activity based modeling system.  The model is being designed to provide reasonable sensitivity to a wider range of future travel options and constraints.  Nevertheless, DRCOG realizes that the increased detail of the activity based approach carries the price tag of an increased number of places where the models can fail.  DRCOG has addressed this concern by committing a significant level of effort to the validation and sensitivity testing of the new model.  Perhaps a statement made by Bhat and Koppelman (2005) in a recent web-based focus group discussion best summarizes the philosophy that DRCOG is using:

“…researchers and practitioners have not thought carefully enough about the criteria for validation of models.  Researchers have the habit of asking practitioners to believe that activity-based methods will produce better impact assessment and forecasts because such models more appropriately represent the actual decision process…but researchers need to go beyond this argument.  They need to develop clear validation criteria and demonstrate the value of activity-based methods in ways that are easily understood.”

Since there are more components in the new model than in a conventional trip based model, there is significantly more model component testing.  One difficulty in performing the “new” validation tests is the lack of experience to determine standards for validation.  Sensitivity testing also plays an important role in the validation of the model components.  Finally, as with any modeling process, significant effort will be placed on the validation of the overall model system.

Many of the innovations and improvements made to the four-step travel modeling process were made incrementally over the past several decades and subjected to either formal or informal validation and sensitivity tests.  Formal validation tests were normally applied at the end of the model calibration process and, quite frequently, focused on the “super test” – the concept that reproduction of observed traffic volumes and transit boardings at some reasonable level of aggregation somehow showed that the models were, in fact, valid.  Informal validation and sensitivity tests, unfortunately, too often consisted of discovering errors in modeling specification or calibration after illogical travel forecasts were produced using the “validated” models.

In the 1990s, the U.S. Federal Highway Administration commissioned the development of a Model Validation and Reasonableness Checking Manual (Barton Aschman Associates, Inc. and Cambridge Systematics, Inc., 2001) through the Travel Model Improvement Program.  This manual summarized validation standards used in various parts of the country and recommended a validation process focused on the validation of individual model components as well as the traditional overall model system validation focused on the reproduction of observed traffic volumes and transit boardings.

Sensitivity testing of models has, by and large, been somewhat less formal.  It has frequently focused on the sensitivity of individual model components using measures such as elasticity.  Sensitivity testing of modeling systems by validating model results over time has not been as common since it requires observed travel data from more than one point in time for the same region.  In addition, even if data for multiple points in time exist, many regions do not have the measurable changes in their transportation system, such as the significant addition of new roadway capacity or the opening of a new transit line, to assess the veracity of the models.

DRCOG Validation and Sensitivity Testing Approach

A validation plan (Parsons Corporation and Cambridge Systematics, Inc. 2007) describing all of the validation tests to be conducted for the model components and the overall model system has been developed concurrently with the specification of the model.  The validation plan includes the standards by which the tests will be evaluated, such as:

· Checks to ensure that the model component is producing the correct results (i.e. verification of computations);

· Comparisons of model parameters to comparable parameters in similar models in other areas;

· Disaggregate validation of all model components estimated using disaggregate methods through the application of the model component using the estimation data set and comparison the model outputs to the estimation data;

· Testing of each model’s sensitivity to variables through controlled modification of those input variables;

· Comparisons of the model component outputs to the results from the survey data set; and

· Comparisons, where data are available, of the base year outputs from each model component to independent observed data (e.g. comparisons of mode choice model outputs to linked trips estimated from transit boarding counts).

Since there are more components in the new activity based model than in a conventional trip based model, there is significantly more testing required.  While some of the tests are analogous to those performed for components of trip based models, others are completely different.  Examples of tests similar to those used for trip-based models include comparisons of modeled trip length frequencies to those from the household survey (although tour lengths must also be compared) and comparisons of modeled and observed mode shares.  Examples of tests without analogous trip-based tests include the number of trips per tour by purpose, amount of time spent in activities versus traveling on tours by purpose, and the number of activities performed by each person.

One difficulty in performing the “new” validation tests is the lack of experience to determine standards for validation.  For example, how close should the modeled number of activities per person be to the observed number?  In some cases, established standards for trip based models may be used to propose standards for the new model.  In other cases, the acceptable error ranges will be determined by estimating the variation expected in aggregate model statistics (such as vehicle miles traveled) resulting from the deviation of a particular model component, in effect tying new validation tests that as yet have no standards to existing tests that do have such standards.

The aggregate results of the overall model system will be subjected to the same validation standards as those used for DRCOG’s four-step model.  Validation results for the activity based model are expected to be as good as or better than those produced using the four-step model.  This may seem to be a rather lenient standard; however, the four-step model was, in fact, calibrated to produce reasonable validation results for 1997 and 2001.  Nevertheless, since the new model considers more aspects of personal activity performance and travel behavior than the four-step model, less adjustment tied to unmeasurable behavior, such as trip distribution K-factors should be required to calibrate it.

Input and coordination with Federal agencies is also being sought in the validation and sensitivity testing of the new model.  This coordination is particularly important since operational experience with activity based models is limited; Federal agencies may be expected to evaluate them closely for validity and for consistency with the calibration outcomes of the numerous trip-based models in existence.  DRCOG has involved federal agencies early in the model development process and is including their requirements in the calibration/validation.  As an example of the effect of this involvement, considerable time has been spent building and reviewing modeled transit paths that are used for model estimation against reported paths from the 1997 travel survey (Kurth and Sabina 2007).  This effort is being undertaken in an effort to respond to concerns raised by the Federal Transit Administration regarding the reasonability of transit paths and the consistency between transit path-building and mode choice decisions.

Temporal and Policy Sensitivity Testing

The normal validation testing outlined above includes some temporal validation from the standpoint that the model will be validated against observed travel data for 1997 and 2005.  Such testing is crucial for model validation but does not address the hypothesized true value of activity based models – the production of better impact assessment information and travel forecasts that will result from the more appropriate representation of actual decision processes.

Two primary approaches will be used to test the sensitivity of the model.  The first will be the application of the model for an existing forecast year and scenario and comparison of the forecast to results produced by the calibrated four-step model.  While the “true” results for such a forecast year cannot be known, the results from the existing four-step model provide one outcome that has been deemed reasonable.  Two primary questions will be asked:

· How similar are the results?  The traditional validation measures outlined in the previous section regarding traffic volumes and transit boardings can be used to measure the similarity.

· Which model produces “more believable” results?  The comparison of the results will reveal two possible outcomes:  the forecasts from the two models will or will not be substantially different.  In either case, an assessment will need to be made regarding whether or not the outcome is acceptable since one of the outcomes, ultimately, will need to be presented to local decision makers as the best possible forecast of future travel. 

The second approach for testing the new model will be directed at assessing the desire to develop a model that is more sensitive to policy variables.  The policy-oriented tests will include:

· Evaluation of outcomes in designated transit-oriented development areas;

· Evaluation of effects of different regional development densities (e.g., single family housing versus multi-family, etc.);

· Evaluation of development in known industrial areas;

· Evaluation of development of specific “greenfield” areas, to see how well the model can predict the spread of the urban area; and

· Evaluation of outcomes in redevelopment areas.

The policy oriented tests will be even more subjective than the comparison of forecasts from the new model and the traditional four-step model.  To improve the usefulness of the tests, it will be important to reach a consensus among modelers and planners regarding the expected outcome of the tests.  If the outcome from the model does not match the expected outcome, the model results will need to be assessed to determine whether they are illogical or providing valuable information that would modify the expected outcomes developed prior to running the model.

Policy Sensitivity of the New Model

In general, the activity based modeling approach used in the Denver model is expected to produce more accurate results for policy testing since it is able to consider a wider range of variables and interactions than a conventional trip based model.  Trip based models tend to be relatively insensitive to certain input data changes (such as transit-oriented development related land use changes) as they usually do not include enough detail (geographic location, demographic variables, trip-tour relationships, etc.) to permit them to respond fully to such changes.  As discussed above, trip based model users often resort to “adjustment factors” to account for behavior that cannot properly be analyzed by these models, with varying degrees of reliability and success.  Activity/tour based models are expected to provide considerably improved forecasting for all types of policy analyses.  Of course, the level of increased accuracy will depend on how much the analysis of the specific policy depends on the factors that are considered in the activity based approach, but not in the trip based approach.

The regional planning process in the Denver area begins with the plan known as MetroVision, which provides the overall framework within which are developed other key MPO planning elements.  MetroVision is composed of six “core elements,” intended to guide the regional planning process:

· Extent of Urban Development – promoting a more orderly, compact pattern of development

· Semi-Urban Development – minimizing the extent of low-density, large lot development

· Urban Centers – encouraging the development of higher-density, mixed-use, transit and pedestrian-oriented centers throughout the region

· Freestanding Communities – maintaining as self-sufficient communities several towns currently separate from the larger urban area

· Balanced, Multimodal Transportation System – providing environmentally sensitive and efficient mobility choices for people and goods

· Environmental Quality – establishing a permanent, integrated parks and open space system, and preserving the region’s air, water, and noise environments

To ensure that the new model developed for the Denver Region would address MetroVision and the plans developed under its umbrella, DRCOG conducted the Integrated Regional Model (IRM) Vision Phase.  The Vision Phase involved evaluation of other advanced modeling projects throughout North America and Europe, together with the convening of panels of modeling experts, regional engineers and planners, and regional policy-makers who provided overall project guidance.  These steps ensured that the model design would be informed by the latest practical efforts in model design and implementation, and most importantly, by the model’s ultimate customers, those in the DRCOG region who will use the model’s results.

During the IRM Vision Phase, the Policy Panel developed a list of the top ten core planning issues that the travel demand model needs to support:

1. Effects of development patterns on travel behavior

2. Sensitivity to price and behavioral changes

3. Effects of transportation system and system condition

4. Need for improved validity and reliability

5. Ability to evaluate policy initiatives

6. Better analysis of freight movement

7. Ability to show environmental effects

8. Modeling low-share alternatives

9. Better ability to evaluate effects on specific sub-groups

10. Reflect non-system policy changes (transportation demand management, intelligent transportation systems)

These issues were “boiled down” in the vision process to keep the list short.  More specific, high-interest policy issues in the Denver Region include:

· The Colorado Tolling Enterprise, established in 2003, has identified about six potential toll facility corridors in the Denver area.  These are expected to be submitted for inclusion in the regional plan, and are also affecting the alternatives analysis in several Environmental Impact Statements in the region.

· MetroVision has approximately 70 urban centers and other transit-oriented developments, which are intended to foster a more balanced transportation system, reducing the number and lengths of trips, fostering additional bicycle/pedestrian use, etc.

· The MetroVision Urban Growth Boundary is currently set at approximately 750 square miles for the year 2030.

· Lower-density, “semi-urban” development, and its effects on transportation and air quality, must be considered.

· The FasTracks rapid transit project includes 130 miles of rapid transit to all parts of the region by the year 2017, is expected to have effects on development patterns and transit ridership.

As always, air quality analysis and highway project evaluation also will continue to be core issues in regional transportation planning.

The following discussion summarizes some specifics of how the proposed modeling approach would address some of the specific policy analysis needs described above.

Pricing Analysis.  Various aspects of existing toll forecasting procedures have been criticized, including the assumed values of time for various market segments of travelers, the aggregate nature of the process (which requires fixed values of time for each segment), the difficulty in modeling time of day outside a tour based approach, and the static nature of the traffic assignment process, which ignores the effects of the buildup and dissipation of queues.  In contrast, modeling individuals in the synthetic population provides an opportunity to use distributed values of time rather than fixed values for a relatively small number of market segments.  For example, say that it would take a value of time of $12/hour for a certain geographic market to find using a particular toll road segment desirable.  If the average value of time for the market segment were $10/hour, then the model would estimate that no one from that segment would use the toll road.  But if a value of time distribution were used with an average value of $10/hour but with a 20 percent probability of having a value of time of greater than $12/hour, there would be demand estimated for the toll road within this market segment.

Another major advantage is that demand for roadways where tolls vary by time of day can be modeled much more accurately.  Time of day decisions for activities must consider not only the time when the trip to or from the activity takes place, but also the trip in the other direction and the duration of the activity itself.  For example, if someone wishes to consider shifting his departure time for a work trip to avoid a high peak period toll, he/she would likely also need to consider the amount of time needed to be spent at work and whether the time shift for the trip to work might shift the departure time from work to or from a peak period with a high toll.  Obviously a model that treats individual trips independently cannot include such considerations.

Urban Centers and Transit-Oriented Development.  When using aggregate, trip-based models to evaluate the effects of these types of development, many variables in an aggregate, trip-based model must be introduced through the use of segmentation, which significantly limits the number of variables that can be included in the model.  Adding further segmentation to a typical cross-classification trip production model (likely with only two or three dimensions) to account for different trip making characteristics in denser, transit-oriented areas would require the household survey data to be segmented by additional dimensions.  This additional segmentation is often beyond the ability to obtain statistically significant estimates of trip rates given the limitations of the existing sample.  The activity based modeling approach, where individual daily activity patterns are simulated, permits description of individuals using a much richer set of variables.

Planning judgment and travel behavior data also support the expectation that having a variety of attractions located in close proximity in the urban centers, including workplaces, other businesses, and shopping and entertainment opportunities, would have an effect on trip chaining, as individuals might choose to combine activities that can be accomplished in the same vicinity.  Obviously, a tour based approach is required to capture the effects of trip chaining.

Finally, data also suggest that persons living and/or working in higher density transit-oriented areas should have greater opportunities to use transit and non-motorized modes.  However, properly reflecting these opportunities in the model requires a combination of capabilities: modeling travel in tours, so that (for example) secondary tour trips/stops/modes can be shown to be compatible with transit as the primary mode of the tour (as they will sometimes be within walking distance); destination choice models that can operate at sufficiently fine geographic detail so as to locate some secondary stops within the area; and fine geographic detail on stop locations so that walk distances can be accurately calculated (so that walk choices in the mode choice models are accurately estimated.) 

Transportation Project Analysis.  The use of disaggregate microsimulation of individuals provides some advantages to the analysis of new transportation projects, particularly the extensive transit investments planned for the Denver area.  One of the key questions involved in the analysis of transit investments involves the identification of how specific groups of the population (for example, persons from low income households) benefit from the investments.  In conventional models, demographic market segmentation is usually limited to work trips and is not carried through beyond the mode choice step, and so some model results cannot be differentiated by market segment.  In addition, the market segmentation is limited to a single variable (usually income) in conventional models whereas all characteristics of the simulated individuals can be retained in the activity based approach.

Another way in which transportation project analysis is improved compared to the use of conventional models is that the effects of new projects on travel demand (i.e. induced travel) can be modeled directly.  Conventional trip generation models consider only demographic variables and do not consider transportation level of service.  The magnitude of the effects of improved transportation level of service stemming from new projects on the amount of travel demand can be estimated through the incorporation of level of service variables in all steps of the demand modeling process.  The use of logsum variables from subsequent model steps provides a way to do this while maintaining consistency among the level of service data for all model components.

It is worth briefly discussing some of the ways in which the proposed activity based modeling approach fails to address some of the planning analysis needs.  One of the most significant is that a conventional static traffic assignment process will be used.  Although it would be desirable to consider traffic microsimulation or dynamic traffic assignment procedures, the ability to implement and validate such procedures when they are applied at a regional level (at least in a region as large as the Denver metropolitan area) has not yet been proven.  Lack of a fully disaggregate or at least dynamic traffic assignment procedure will limit the model’s ability to analyze the effects of queuing of traffic and to examine variations in traffic flow within peak periods.  This inhibits the full exploration of the effects of tolling options and other highway operations analyses.

Another issue is that, despite its use of microsimulation of individuals, the model will still have some aggregate elements.  The region will still be divided into analysis zones, which will be used as the basis for certain choice elements (as described in the previous section).  This means that aggregation error will still exist in the model (although to a lesser extent than in a conventional model).  However, current model design anticipates storing each household and job at the point level, mitigating some aggregation errors by allowing detailed calculation of walk skims.
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Table 1. Component Models of the DRCOG System

	Model #
	Model Name
	Level
	What is predicted

	1.1
	Synthetic Sample Generator
	Household
	Household size and composition, household  income, person age, gender, employment status, student status

	1.2
	Regular Workplace Location
	Worker
	Workplace location zone and point

	1.3
	Regular School Location
	Student
	School location zone and point

	1.4
	Auto Ownership
	Household
	Auto ownership

	2.1
	Daily Activity Pattern
	Person-day
	0 or 1+ tours for 7 activity purposes.  0 or 1+ stops for 7 activity purposes

	2.2
	Exact Number of Tours
	Person-day
	For purposes with 1+ tours, 1, 2 or 3 tours.

	3.1
	Work Tour Destination Type
	Work Tour
	For work tours, a binary choice - regular workplace or other work location

	3.2
	Work-Based Subtour Generation
	Work Tour
	Number and purpose of any subtours made during a work tour

	3.3
	Tour Primary Destination Choice
	(Sub)Tour
	Primary destination zone and point (models may be purpose-specific)

	3.4
	Tour Main Mode Choice
	(Sub)Tour
	Main tour mode 

(models may be purpose-specific)

	3.5
	Tour Time of Day Choice
	(Sub)Tour
	The time period arriving and the time period leaving primary destination 

(models may be purpose-specific)

	3.6
	Intermediate Stop Generation
	Half Tour
	Number and activity purpose of any intermediate stops made on the half tour, conditional on day pattern

	4.1
	Intermediate Stop Location
	Trip
	Destination zone and point of  each intermediate stop, conditional on tour origin,  destination, and location of any previous stops

	4.2
	Trip Mode Choice
	Trip
	Trip mode, conditional on main tour mode

	4.3
	Trip Departure Time
	Trip
	Departure time within 30 min. periods, conditional on time windows remaining from previous choices

	5.1
	Airport Travel
	Household
	Number of trips, non-airport trip end location, mode choice

	5.2
	Casino Travel
	Household
	Number of trips, non-casino trip end location, mode choice

	5.3
	Mountain Recreation Travel
	Household
	Number of trips, trip end location within DRCOG region, mode choice

	5.4
	Commercial Vehicle
	Employee
	Number of trips, trip end location

	5.5
	External Travel
	Zone
	Number of trips, trip end location

	6.1
	Highway Assignment
	Vehicle Trip Table
	Link volumes and travel times/speeds

	6.2
	Transit Assignment
	Person Trip Table
	Transit trips/boardings by route/stop


Table 2.  Tour Main Mode Alternatives by Tour Purpose

	
	Work
	School
	Escort
	Shop/ Personal Business
	Meal/ Recreation/ Visit
	Work-Based Subtour

	Rail + drive access
	x
	x
	
	x
	x
	

	Rail + walk access
	x
	x
	
	x
	x
	x

	Premium Bus + drive access
	x
	
	
	
	
	

	Premium Bus + walk access
	x
	x
	
	x
	x
	

	Local Bus + drive access
	x
	
	
	
	
	

	Local Bus + walk access
	x
	x
	
	x
	x
	x

	School bus
	
	x
	
	
	
	

	Carpool  3+
	x
	x
	X
	x
	x
	x

	Carpool  2
	x
	x
	X
	x
	x
	x

	Drive Alone
	x
	x
	
	x
	x
	x

	Bike
	x
	x
	
	x
	x
	x

	Walk
	x
	x
	X
	x
	x
	x


