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SUMMARY  

As transportation policies are changing to encourage alternative modes of 

transportation to reduce congestion problems and air quality impacts, more planning 

organizations are considering or implementing activity-based travel demand models to 

forecast future travel patterns.  The proclivity towards operating activity-based models is 

the capability to model disaggregate travel data and to better understand the model results 

that are generated with respect to the latest transportation policy implemenations. 

An analytical review of the differences between trip-based models and activity-

based models conducted through an examination of literature, interviews, and data 

pertaining to variables that are better represented in activity-based models. 

A survey was then sent to the top fifty most populous regions in the United States 

to gauge the interest and usage of activity-based models.  Further assessment was 

performed for those regions that provided information to the initial outreach effort.  A 

series of parameters with known linkages to the advantages of activity-based models was 

devised in order to rate and provide a recommendation to each region as to whether they 

should pursue an activity-based model or not. 

The results of the analysis show that the parameters used in this effort are often 

too broad to make a sound judgment about how a region should proceed with their 

modeling techniques.  There are often other factors unrelated to transportation policies 

that can influence a region to move toward activity-based models or to discourage a 

region from using activity-based models.  Though the assessment tool provides a means 

to begin a conversation about advancing modeling practices, it does not provide a 

definitive authorization for a region to change modeling procedures. 
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CHAPTER 1  

INTRODUCTION  

Travel demand models are used by Metropolitan Planning Organizations (MPOs) 

and other related agencies and consultants to help forecast future population growth and 

travel patterns to aid in the development of regional transportation plans.  There are two 

model approaches that are highly regarded in the field of travel demand modeling: the 

trip-based model and the activity-based model.  The trip-based model is the classical 

model that has been in existence in the United States since the 1950s when travel 

forecasts were important to deciding on where roads should be built to provide the best 

accessibility for the public.   

The activity-based models are more advanced and take into account more precise 

information about individuals in a model region and can predict travel patterns based on a 

host of variables related to the personal preferences and behavior of the individual.  

These models are also able to provide insightful information about the change in travel 

patterns due to the implementation of transportation policies that have grown in 

popularity since the passing of the Clean Air Act Amendments (CAAA) of 1990 and the 

Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991. 

The purpose of this thesis is to first assess the current use of activity-based models 

in the United States and then to use a rubric that was developed based on the advantages 

that activity-based models offer to provide a recommendation as to whether a region 

should convert to an activity-based model.  This is of importance because major cities 

that are experiencing congestion and environmental problems are in need of better 

prediction tools to forecast what future transportation patterns will bring to the region. 
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Chapter 2 summarizes the literature on travel demand modeling and provides a 

review of the differences between trip-based and activity-based models.  A brief 

overview of the activity-based models that are currently in use is also included.  Chapter 

3 presents the methodology used to create the rubric that provides the recommendations 

to each model region; Chapter 4 presents the results of this research and Chapter 5 

provides a discussion about the discrepancies that occurred between the 

recommendations provided and the actual state of activity-based modeling procedures in 

the country.  Chapter 6 provides conclusions and recommendations. 
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CHAPTER 2  

LITERATURE REVIEW  

To provide a basic understanding of travel demand modeling and the two major 

schools of thought, the literature summarized in this chapter includes a discussion of the 

history and importance of travel demand modeling, the major concerns with the classical 

modeling approach, and the emergence of activity-based models.  In addition, this 

chapter describes the general concerns of converting to an advanced model in terms of 

costs, user experience, and overall improvement the activity-based models can produce 

over the traditional models.  This chapter will conclude with a synopsis of the activity-

based models that are currently in use or are in the final stages of development across the 

United States. 

2.1 Introduction to Travel Demand Models 

Travel demand models are used by Metropolitan Planning Organizations (MPOs) 

and other related agencies and consultants to help forecast future population growth and 

travel patterns to aid in the development of regional transportation plans.  To predict 

travel patterns, household and population information must first be gathered from various 

sources such as the decennial U.S. Census, the American Community Survey (ACS), 

ACS Public Use Microdata Samples (PUMS), the National Household Travel Survey 

and/or local area population data [1].  These data are subsequently combined with 

specific highway and transit network usage data for the metropolitan region of interest.  

Travel data can be collected from sources including household travel diaries, vehicle 

intercept surveys, transit onboard surveys, and parking surveys.  Another key input of the 

travel demand model is population growth forecasts.  After the growth predictions have 
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been estimated by the MPO, all of the aforementioned information can be coalesced in 

the model and users can run forecasts for predetermined years.  Many different planning 

scenarios can be input in the model to compare the effects of changes to the 

transportation system, provided that the model is developed and calibrated to answer such 

policy questions. These scenarios can include but are not limited to assessing the impacts 

of adding freeway lanes or incorporating managed toll lanes to mitigate congestion, 

implementing improvements or additions to the transit system, or building major land use 

developments such as transit oriented developments.  As stated in the Transportation 

Research Board Special Report 288, ñéforecasts derived from these models enable 

policy makers to make informed decisions on investments and policies relating to the 

transportation systemò [2]. 

2.1.1 Trip -Based Models 

Trip-based models are what have been previously referred to in this thesis as the 

traditional model approach.  They are also commonly called four-step models because of 

the four major steps that comprise their structure.  As shown in Figure 1, the traditional 

model includes the following steps: Trip Generation ï determining how many trips are 

made; Trip Distribution ï linking trips by origin and destination; Mode Choice ï 

determining which modes of travel are used; and Route Assignment ï determining the 

specific paths over each modal network [3].  Each of these steps will be described in 

more detail in later sections. 
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Figure 1 - Four-Step Model Process [4] 

One example of a more advanced schematic of the four-step process is shown in Figure 2.  

The four major components are shown along with model input information and the 

corresponding flow of this data through all of the model elements. 

 
Figure 2 ï Advanced Four-step Model Process [1] 

Trip Generation 

Trip Distribution 

Mode Choice 

Route Assignment 
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The trip-based model uses the trip as the unit of travel, in contrast to other models 

that use tours or activities.  It is also important to note that trip-based models focus their 

efforts on producing physical travel patterns, whereas the more advanced activity-based 

models place a greater focus on traveler behavior [3].  To obtain estimates of actual trips 

taken by the population, household travel surveys that track each individualôs daily 

movements are often administered to a sample of residents.  The survey also includes 

household characteristic information such as income, household size, and the number of 

vehicles available to the household in order to replicate similar travel patterns across the 

entire population.  Other important elements in the model include highway and transit 

network data, land use characteristics, and other zonal attributes [5].  The next four 

sections will provide more detail of the four components of the trip-based model and 

explain how each of the elements mentioned above contribute to forecasting trips over an 

entire metropolitan region. 

2.1.1.1 Trip Generation  

The first step of the trip-based model is trip generation.  The main purpose of trip 

generation is to estimate the total number of trips taken within a set of travel analysis 

zones (TAZs).  These trips are predicted on either the household or individual level 

within each TAZ and are defined by trip purpose.  Observed travel information gathered 

by travel surveys and other sources are used to generate the predictions from the 

regression and cross-classification models.  Productions and attractions are forecasted 

separately and are not equal within the analysis zone because they come from different 

data sources and are estimated by different prediction methods.  Adjustments that 

constrain the attractions to equal the productions must be made to balance these 
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discrepancies.  The final results of this step are the so-called ñtrip endsò for each TAZ 

[6]. 

The model area is broken into hundreds or thousands of TAZs, depending on the 

size of the region and the capability of the model to operate with precise detail.  For 

example, the Atlanta travel demand model utilizes 2024 internal and 91 external TAZs; 

whereas the Portland, Oregon model consists of 1260 total zones.  Modelers use TAZs to 

break up the entire region into manageable subareas that are reasonably homogenous in 

terms of land use and population characteristics.  These TAZs often align with census 

tracts to make gathering and analyzing data more convenient.  The TAZs are also 

designated to reduce the variability of households within each zone because research has 

shown that households with similar characteristics tend to have similar travel patterns, 

which is why surveys can be used to represent an entire subarea.  The household 

characteristics that most affect travel behavior are presented below and discussed 

throughout this paper. 

As stated above, trip generation is utilized to predict the total number of trips into 

and out of each TAZ.  The trips generated include both departure and arrival trips.  These 

trip ends are commonly referred to as productions (trip origins) and attractions (trip 

destinations) [6].  Productions and attractions are estimated separately because of the 

differences in confidence for predicting each type of trip.  Productions typically originate 

or end at the home; with traveler information gathered from regional household surveys, 

site Census data on residential location makes it possible to factor up survey trip 

production rates.  Data on trip attractions by location are often more difficult to collect, 

depending on trip purpose.  For example, Census data on the number of workers in a 
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TAZ is more readily obtained than data on the number of people visiting the shops in a 

destination zone [7].  The variables that have proven to work well in predicting 

household trip productions are income, car ownership, family size, and household 

structure.  Variables that have often been used for predicting trip attractions include 

employment levels and densities, land area or land use intensities, value of land, 

residential density, and locational accessibility [8]. 

It should also be noted that trips are estimated by trip purpose.  Many early trip-

based modeling efforts in the United States used three main trip purpose types ï Home-

Based Work (HBW), Home-Based Other (HBO), and Non-Home Based (NHB) ï that are 

used by metropolitan regions, but some MPOs expand these three main purposes into 

more specific trip types.  Other trip types include but are not limited to Home-Based 

School, Home-Based University, Home-Based Shopping, Home-Based Recreation, Non-

Home Based Work, Non-Home Based Other, External Trips, and Commercial Trips.  

Note that for origin-to-destination trip volume estimation (such as the number of trips 

loaded onto the regional transportation network for highway routing purposes in step 4 

above), a trip starting at the home and ending at school is expressed the same as a trip 

starting at school and ending at the home.  This trip purpose would be Home-Based 

School.  This is important because not only does it simplify the amount of trip types that 

the model must distinguish between, but also this principle of modeling individual trips is 

the key difference between the classical model and the activity-based model.  The 

following sections on the strengths and weaknesses of travel demand models will detail 

more thoroughly how different approaches to designating trips by purpose or activity can 

affect the reliability of the model. 
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After the modeler has determined which types of trips will be predicted, the travel 

demand model is then equipped with the necessary codes and programs to predict the 

appropriate trips.  For example, the Atlanta travel demand model uses six trip types and 

three types of trip-takers.  However, there are some trips that would not be suitable for 

certain trip-makers to take.  For example, a non-worker does not take any Home-Based 

Work trips.  Table 1 below shows the combinations of trip purposes and trip-makers that 

the Atlanta Regional Commission (ARC) model calculates [9]. 

Table 1 - ARC Possible Combinations for Trip Generation  

Trip Purpose Adult Worker  Adult Non-Worker  Child  

HB Work X   

HB Shop X X X 

HB University X X  

HB School X X X 

HB Other X X X 

Non-Home-Based X X X 

 

 There are two main methods ï regression and cross-classification ï used to 

forecast the number of trips made to and from each TAZ.  The scope of this thesis does 

not include the statistical reasoning behind these two methods; it only serves to provide 

the reader with a background on how the travel demand model uses household statistics 

to predict the number and types of trips taken.  The regression method can be used to 

predict trips by creating a linear or non-linear equation that incorporates independent 

variables, such as the household characteristics that were previously mentioned, into a 

model to evaluate their effect on trip generation.  Several variables can be tested in the 

regression model, but only those that are deemed significant based on t-statistics should 

be used in the final equation.  The variables that have been routinely used in trip 

generation estimation are household income, car ownership, family size, and household 
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structure [8].  Separate equations are used for each trip purpose, given the statistically 

significant differences commonly observed in trip rates by purpose.  The regression 

method is simple and inexpensive to generate.  However, it does carry with it 

assumptions and generalities about trip-making.  These assumptions will be addressed in 

the weaknesses of trip-based models section of this Literature Review. 

The other widely used method for predicting trips is the cross-classification 

method, also sometimes called category analysis in transportation literature.  In cross-

classification, the basic assumptions are that households falling into the same set of 

multi-characteristic classes are likely to have similar trip rates and that differences in trip 

rates are much larger between classes than within them.  The use of categorical variables 

is possible and can provide a better understanding of travel behavior among different 

socioeconomic groups.  Table 2 is an example from the Puget Sound Regional Council 

that shows how three household characteristics can be used to estimate the number of 

work trips taken by a household.  This trip data can then be used across each TAZ by 

incorporating the numbers given in Table 2 into the model based on the number of 

households that share the same number of occupants, number of workers, and are in the 

same income group.  Attractions are predicted in the same manner but the categories used 

are typically based on the type of land use, employment density, and other variables 

associated with non-residential sites. 
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Table 2 - Home-Based Work Trip Production Per Household [10] 

 
 From the 2007 PSRC Model Documentation 

Another approach with the cross-classification method is to estimate trip rates for 

each trip purpose based on certain household characteristics.  Meyer and Miller provide 

an example of how this method works.  The number of households and the number of 

trips made are determined given the household characteristics that the modeler has 

decided upon.  These data are provided by the various sources that are used to gather 

travel information, such as household travel diaries and transit surveys.  In the example 

that Meyer and Miller provide, family size and the number of automobiles available are 

used to categorize the data [6].  Given the number of households and the number of trips 

taken, the per-household trip rate can be calculated.  The forecasted number of 

households in each zone is then multiplied by this trip rate to provide the number of trips 

taken in the corresponding zone. 

Less than$15,000- $25,000- $45,000- $75,000 and

$15,000 $24,999 $44,999 $74,999 Above

0 0.02 0.01 0.07 0.26 0.19

1 0.75 1.02 1.17 1.37 1.30

0 0.00 0.07 0.01 0.15 0.33

1 0.08 0.41 0.62 1.06 1.24

2 1.24 1.57 1.78 2.22 2.40

0 0.00 0.00 0.15 0.11 0.21

1 0.20 0.40 0.77 0.99 1.09

2 1.33 1.52 1.89 2.12 2.21

3+ 2.52 2.72 3.09 3.31 3.41

0 0.00 0.17 0.09 0.22 0.17

1 0.47 1.10 1.02 1.15 1.10

2 1.07 1.71 1.62 1.75 1.71

3+ 2.62 3.26 3.17 3.30 3.26

Income

Household 

Size

Number of 

Workers in 

Household

4+ persons

3 persons

1 person

2 persons
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2.1.1.2 Trip Distribution 

The second step of the trip-based model is trip distribution.  The purpose of this 

step is to connect the trip ends determined in trip generation, resulting in a matrix 

comprised of origin-to-destination trip volumes to and from each TAZ.  The most 

common approach to predict the origin and destination zones is a spatial interaction (SIA) 

model such as the gravity model.  This model is derived from Newtonôs Law of Gravity 

and uses the following equation [10]: 

Ὕ
ὖᶻὃ Ὂz ὑz

ὛὟὓὃ Ὂz ὑz
 

Where: 

Tij = number of trips produced in Zone i and attracted to Zone j 

Pi = number of trips produced in Zone i 

Aj = number of trips attracted to Zone j 

Fij = friction factor, function of impedance of travel from i to j 

Kij = zone-to-zone adjustment factor 

Many early SIA models were based on Newtonôs Law of Gravity, which states that all 

matter attracts all other matter with a force proportional to the product of their masses 

and inversely proportional to the square of the distance between them [11].  The gravity 

model uses this principle to describe the relationship between travel zones.  For example, 

if a TAZ has a high concentration of retail activity or employment, there is a higher 

likelihood that people will travel to this zone.  However, the less attractive this zone is in 

terms of distance-based costs in comparison to other zones, the less likely people will go 

there, other things being equal. 
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The first three variables listed above are self-explanatory.  The friction factor and 

the adjustment factor are used to recreate realistic travel behavior from zone to zone.  The 

friction factor takes into account the distance-based cost of traveling between zones, 

making travel between zones with high costs less desirable.  Costs in this instance can be 

travel time, distance, monetary out-of pocket costs, or general costs associated with 

maintaining a vehicle [6].  The friction factor is adjusted until the predicted and observed 

trip distributions match within a predetermined threshold, usually by fitting or calibrating 

to a target such as the observed average trip distance or trip cost.   

Though the gravity model is often used in the trip distribution step, this method is 

criticized because it employs a limited number of explanatory variables.  Because the 

basic model often does not fit observed data very well, this model has often led to the use 

of adjustment factors such as the Kijs shown in the above equation.  Where such 

adjustment factors are calculated as the ratio between the observed trips and predicted 

trips between each zone pair, they represent only the current situation and offer little 

insight into how such a relationship will change in future years.  As a result, they cannot 

be relied upon to accurately predict trip volumes in future years [12]. 

An alternative approach to the gravity model and similar aggregate SIA modeling 

approaches is a destination choice model based on individual traveler characteristics and 

other travel concerns besides the aggregate measures of destination attractiveness and 

travel costs, either distance-based or monetary [2].  By using techniques that incorporate 

traveler socioeconomic statistics, the modeler is able to forecast future travel patterns 

with more certainty.  Such disaggregate trip distribution models are calibrated directly to 

the survey responses of individual travelers, usually as part of regional household 
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surveys.  The gravity model only takes into account the attractiveness of a zone based on 

the distance-based cost of travel and type of development present. 

Whether a simple gravity model that is calibrated to already aggregated Census or 

other planning level data is used, or a disaggregate model that is calibrated to the 

responses of a set of individually surveyed traveler responses that is then factored up to 

regional trip activity levels for planning and forecasting purposes is used, both represent 

simple, direct origin-to-destination trip distribution models.  Concerning the use of 

gravity models in trip distribution, NCHRP Report 716 [1] states: 

While best practice for trip distribution models would be considered to be 

a logit destination choice model, the gravity model is far more commonly 

used, primarily because the gravity model is far easier to estimateéand 

because of the ease of application and calibration using travel modeling 

software. 

2.1.1.3 Mode Choice 

The third step in the classical model is mode choice.  This element is concerned 

with predicting the number of trips from each origin to each destination that will use each 

transportation mode [4].  The three main types of modes used by MPOs include 

automobile, public transit, and non-motorized.  The mode choice is determined by 

calculating which mode offers the traveler the highest utility.  Utility is best described as 

the satisfaction that the mode provides to the trip maker.  The utility equation for each 

mode is found by summing variables that affect the desirability of the mode and the error 

term that represents unknowns that the modeler cannot account for empirically.  Each 

variable is based on both the attributes of the mode alternative and attributes of the 
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traveler [13].  There are three groups that factors influencing mode choice typically fall 

into: characteristics of the trip maker, characteristics of the journey, and characteristics of 

the transport facility [8]. 

The common method used to predict the allocation of trips for each mode is the 

multinomial logit (MNL) model.  Once the utility equations have been calculated, the 

probability of choosing any mode is simply the exponential function of that particular 

utility divided by the sum of the exponential function of all of the utilities.  The equations 

below express the probability of choosing drive alone (DA), shared ride (SR), or transit 

(TR) [14]:  

0ÒὈὃ
ÅØÐ ὠ

ÅØÐὠ ÅØÐὠ ÅØÐ ὠ
 

0ÒὛὙ
ÅØÐ ὠ

ÅØÐὠ ÅØÐὠ ÅØÐ ὠ
 

0ÒὝὙ
ÅØÐ ὠ

ÅØÐὠ ÅØÐὠ ÅØÐ ὠ
 

A major characteristic of the mode choice model is that it needs to be a discrete 

choice model (for every trip that is taken, a mode must be determined from a finite set of 

options).  To perform the MNL model, the Independence of Irrelevant Alternatives (IIA) 

property must be satisfied.  The above equations assume that each transportation option 

has unique characteristics that set it apart from the other options.  Unfortunately, 

sometimes the mode choice options have similar characteristics that affect the validity of 

the MNL model.  A common example of this is the theory of the red bus and blue bus.  

Both buses have the same utility equation; the only difference is the color of the bus.  By 

having separate utility functions for related modes, the probability of choosing a ñbusò 

over the other modes is artificially increased. 
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One way to mitigate the problem associated with the IIA property is to use a 

Nested Logit (NL) model instead of the MNL model.  The NL method allows for like 

transportation modes to be considered in the same model because these modes are all 

grouped together into subsets in a nested formation.  With this configuration, each nest is 

represented as one alternative that can be weighed against the other available modes [8].    

Figure 3 below shows the nested logit model the ARC uses to perform mode choice. 

 

Figure 3 ï Atlanta Regional Commission Nested Logit Model Structure [9] 

There are three levels of nesting in ARCôs mode choice model, but there are many 

different forms that the nesting structure can take.  The Wasatch Front Regional Council 

(WFRC) in Salt Lake City breaks down mode choice by motorized and non-motorized 

trips first.  Figure 4 shows the nested logit structure for WFRC.  Many models also 

differentiate between possible accesses to the mode, such as how an individual arrives to 

a transit station (walking, biking, being dropped off, or parking and riding). 
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Figure 4 - Wasatch Front Regional Council Nested Logit Model Structure [15] 

The major component of Mode Choice is a set of utility equations that can be 

used to predict the likelihood that any given mode is chosen for the trip in question.  

Table 3 provides an example from the Puget Sound Regional Council of the model 

parameters for home-based work trips.  Each modeôs utility equation consists of variables 

related to the attributes of the mode and attributes of the trip maker.  Once these 

equations have been applied to every proposed trip, the mode with the highest utility is 

chosen for each trip and the origin-destination matrix from trip distribution is updated to 

a matrix of each trip by mode.  The transit and highway networks can then be loaded with 

their respective trips and the final step of the model, route assignment, is ready to operate. 
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Table 3 ï Example of Home-Based Work Mode Choice Model Parameters [10] 

 

2.1.1.4 Route Assignment 

The final step of the trip-based model is route assignment.  There are many 

different ways to estimate the paths used for travel, but this section will not delve into 

each method.  An overview of the critical components and the final outcome is instead 

provided. 

Within the travel demand model, all highway and transit networks are coded to 

reflect actual roads and transit routes.  These networks are used extensively in this last 

step of the model.  The basic premise of route assignment is to take all of the trips that 

have been predicted in previous steps and determine the probable roads or transit lines 

Variable

Drive 

Alone

Shared 

Ride 2

Shared 

Ride 3+

Transit-

Auto 

Access

Transit-

Walk 

Access Bicycle Walk

Level of Service

In-Vehicle Travel Time (Minutes)-0.0253 -0.0253 -0.0253 -0.0253 -0.0253

Out-of-Vehicle Travel Time 

(Minutes) - Walk Time and Wait 

Time <7 Minutes

-0.0633 -0.0633

Out-of-Vehicle Travel Time 

(Minutes) - Wait Time >7 Minutes

-0.0506 -0.0506

Number of Transit Boardings -0.3060 -0.3060

Walk Time (Minutes) -0.0788

Bicycle Time (Minutes) -0.1020

Ratio of Drive Time to Total Time -6.0000

Travel Cost (Cents) for Low-

Income Households (Income 1)

-0.0038 -0.0038 -0.0038 -0.0038 -0.0038

Travel Cost (Cents) for Low-

Medium Income Households 

(Income 2)

-0.0021 -0.0021 -0.0021 -0.0021 -0.0021

Travel Cost (Cents) for Medium-

High Income Households 

(Income 3)

-0.0014 -0.0014 -0.0014 -0.0014 -0.0014

Travel Cost (Cents) for High-

Income Households (Income 4)

-0.0011 -0.0011 -0.0011 -0.0011 -0.0011

Socioeconomic

Market Segmentation Parameter

CBD Variable 0.199 -0.268 2.167 0.593 0.173 1.688

Alternative-Specific Constant -2.355 -3.968 -0.169 0.351 -1.151 0.491

See Table 8.3
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that will be used to fulfill the origin-to-destination trip.  In general, it is assumed that the 

shortest path (in terms of time) will be the chosen route.  However, in reality there are 

external factors that have an impact on the optimal path.  For example, a route that would 

be the shortest path (in terms of time) during non-peak hours could be a much longer path 

during the peak hour due to the increase in the number of vehicles on that road.  Other 

examples include the rationality or perception of travel savings to the driver.  These 

externalities should be accounted for in the route assignment step. 

There are two major components of assigning trips to the network: a tree-building 

process for searching out the óbestô route for each interzonal movement in a network and 

a procedure for allocating the interzonal modal trip volume among the paths [4].  Tree-

building is the process of determining the shortest route between two points.  There are 

two widely accepted algorithms that are used to perform this step, but this section is not 

intended to dissect these processes.  It is more important to understand the concept that 

before routes can be assigned, alternatives must be evaluated and the best route is chosen 

from said alternatives.  To make route assignment reflect reality, trips are loaded onto the 

network over time.  As trips are loaded onto the network, the model continuously finds 

the best path given the new constraints.  This is an iterative process that is repeated until 

the assignment model converges. 

After the route assignment is complete, the travel demand model provides an 

estimation of all of the trips taken across the region on an average day.  The number of 

trips for each link on the network is available for each predetermined time period 

throughout the day.  The model can then be run for future design years to predict areas 

that will likely see increases in demand.  The transportation networks and land use 
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patterns must be estimated for the future years to enable the model to predict accurately 

where demand will change.  The results from this analysis can assist regional planners in 

deciding how growth in specific TAZs will affect the overall model area and can aid in 

predicting, for example, future fossil fuel consumption and related air quality concerns. 

2.1.2 Activity -Based Models 

Activity -based models use tours as the unit of analysis instead of trips.  These 

models first emerged in the 1980s as a challenge to the travel forecasting techniques that 

had been used for many decades [4].  The trip-based models have many shortcomings 

that will be discussed further in the next section of this literature review.  This section 

will focus on the major differences between the classical model and the activity-based 

model. 

The following characteristics set the activity-based model apart from the classic 

model [16]:  

1. Travel demand is derived from activity participation 

2. Activity participation involves activity generation, spatial choice, and 

scheduling 

3. Activity and travel behavior is delimited (or even defined) by constraints 

4. Linkages exist between activities, locations, times, and individuals 

Each of these characteristics is discussed in more detail in the following subsections. 

 To begin to understand the activity-based model, it is important to first understand 

the difference between trips and tours.  Where the classical model focuses on each trip 

separately and by purpose, the activity model combines many of these trips together into 

tours.  Throughout a travel day, the individual can participate in multiple tours.   Figure 5 
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shows and example of how trips and tours are distinguished and how multiple tours can 

be taken in a day.  An arrow from origin to destination designates each trip segment.  

Each tour, in the figure referred to as journey, is comprised of trips and is shown 

clustered together and grouped by color.  For example, the work tour is made up of a trip 

from home to work, a trip from work to day-care, and a trip from day-care back home. 

 

Figure 5 - Example of Tours [17] 

The activity-based model has a formation similar to the trip-based model, but 

without the defined steps.  The classic model aggregates population information over 

each TAZ and uses these averages to determine what types of trips are taken, the zones 

they are taken to and from, the mode by which they are taken, and finally the route taken.  

The activity-based models also use household information to determine trips taken across 

the region; however, the information needed for these models is much more detailed and 

requires temporal and spatial data.  Instead of going through each step to predict what 

trips are taken, the activity-based model assigns values to different types of tours that can 

then be used to calculate the likelihood of certain trips being taken by particular 

individuals in the household.  As stated in one of the characteristics above, the model also 

uses certain constraints to model realistic behavior. 
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Table 4 below, from the National Cooperative Highway Research Program Report 

406, shows the structure of a good practice activity-based model.  The table shows each 

stage of the network, the individual outcomes for the respective stage, and the final 

representation of the data, as it is stored in the model. 

Table 4 - Structure of a Good Practice Activity-Based Model [18] 

 

The model stages in the table are listed in a type of hierarchy in which the predictions in 

the lower stages are conditional on the higher-level stages [19].  In regard to the 

hierarchy, Lee and McNally state [20]: 

Work and social activities usually fill daily schedules before any other 

events.  General in-home activities and recreation/entertainment activities 

tend to be done spontaneously when free time is available.  Activities with 

shorter duration are often opportunistically inserted in a schedule already 

anchored by activities with longer duration.  For out-of-home activities, 

travel time required to reach an activity influences the planning horizon of 

Model stage Data and outcomes Data representation

Inputs Highway network Lists of totals by TAZ

Transit network

Households and employment by TAZ

Population SynthesisList of representative households with associated 

income, size, and other attributes

List of each household, 

person, tour, or trip

Long-term Usual workplace location

Auto ownership

Generation Number of activities by purpose

Formation of activities into tours

Joint travel

Tour Level Destination

Time of day

Mode

Trip Level Stop location

Time of day

Mode

Assignment Auto volumes on each link Matrices by TAZ

Transit volumes on each link Loaded networks

Auto and transit travel times
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the activity.  The longer it takes to reach an activity the earlier the activity 

is planned. 

The hierarchy of trips is often expressed as categories of trips.  The three main categories 

are mandatory activities (fixed frequency, location, and timing); flexible or maintenance 

activities (performed on a regular basis but having characteristics that can vary); and 

optional activities (discretionary and all characteristics may vary) [21]. 

The activity-based model uses a population synthesizer to create synthetic 

households across the model region based on observed household composition.  

Demographic and socioeconomic data are gathered from various sources such as the 

Public Use Microdata Samples (PUMS) to simulate individuals and households based on 

a representative sample from the model area [19].  Often, household size and income are 

the variables used to coordinate the information between these two datasets.  In the trip-

based model, households were averaged across an entire TAZ.  The TAZs are 

theoretically homogeneous subareas, but it can quickly become impractical to simulate 

each household.  The activity models are designed to operate with large amounts of 

detailed data and thus provide a more accurate representation of the population 

characteristics.  Once these households have been generated in the population 

synthesizer, trips made by individuals in the households are then predicted. 

The following sections will provide more information about the four 

characteristics of activity-based models that were previously mentioned. 

2.1.2.1 Travel is Derived from Activity Participation 

The activity-based model operates on the premise that travel is derived by the 

desire or need to participate in activities.  For example, a person who is employed will 
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make trips to work.  Their motivation is to travel to work, not to make a home-based 

work trip [18].  Figure 6 below shows a comparison of how the trip-based model 

classifies trips for a travel day and how the activity-based model uses activity 

participation to define what type of travel is being done throughout the travel day, given 

the same travel pattern. 

 

Figure 6 - Comparison of Trips and Activities Within the Same Travel Day [18] 

 The use of activity participation allows for the model to predict trips with more 

detail, especially the trips that are made to destinations other than work or home.  In the 

example above, the trip-based model does not distinguish between a trip to the store and a 

trip to the park.  The activity-based model expresses that these two types of trips are 

different and the model can assign appropriate estimation parameters to these trips that 

will simulate traveler decisions to make each trip.  This is important because these trips 

that would be designated as home-based other trips in the classic model can now be 

specified and estimated more accurately by assigning them in the hierarchy and attaching 

the appropriate temporal and spatial constraints that are unique to their characteristics, 

provided that adequate data are available to develop such relationships. 

 The activity pattern also provides a way for the activity-based model to predict 

trips with more confidence.  Because travel is analyzed using tours, it is important to 
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determine the main reason for the travel to take place, which is where the activity pattern 

comes into play.  Bowman and Ben-Akiva describe the activity pattern as follows [22]: 

The activity pattern consists of important decisions that provide overall 

structure for the dayôs activities and travel.  In the prototype the activity 

pattern includes (a) the primary ï most important ï activity of the day, 

with one alternative being to remain at home for all the dayôs activities; 

(b) the type of tour for the primary activity, including the number, purpose 

and sequence of activity stops; and (c) the number and purpose of 

secondary ï additional ï tours. 

The activity pattern is a logit model that determines the probability of a tour schedule 

based on the utility of each portion of the tour.  Priority is given to work and school trips, 

then maintenance trips such as household or personal business trips, and finally leisure 

trips.  Activities with longer duration are given higher priority when purposes among the 

same priority level are available to be chosen from [22].  Figure 7 shows the hierarchy 

and potential options of tours in the activity pattern.  Once the activity pattern has been 

chosen, each level is estimated by the maximum utility of the activity. 

 
Figure 7 - Activity Schedule Hierarchy [23] 
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Activity participation can also be designated by household participation because 

the relationship between household members is often a significant factor to include when 

trying to portray realistic travel patterns.  Vovsha et al describe four household 

participation categories [24]: 

1. Individual ï tours for individual activities are scheduled for each person 

2. Coordinated ï activities are scheduled for each person, but include a 

mechanism to coordinate with the schedule of other household members 

3. Allocated ï activities reflect entire household needs, but are scheduled for one 

individual 

4. Joint ï activities represent entire household needs and are scheduled for 

multiple members of the household 

These participation categories can then be merged with the three purpose categories 

described previously to create a matrix of possible travel combinations.  This matrix is 

presented below in Table 5.  As the table shows, by creating constraints, the model can be  

 

simplified by reducing the number of travel options it must calculate.  Instead of twelve 

possible combinations, the model can run five scenarios while still providing realistic 

travel possibilities. 

Table 5 - Modeled Activity-Travel Purpose and Participation Categories [24] 
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2.1.2.2 Participation Involves Activity Generation, Spatial Choice, and Scheduling 

It is widely accepted that travel is derived from the need to participate in 

activities.  The previous section has touched on the aspect of traveling for purposes, but 

did not include the importance that time and location have on decisions to travel.  The 

hierarchy uses purposes to dictate the types of activities that each household member 

participates in.  The time and location are most likely fixed for long-term decisions, but 

maintenance and discretionary activities are susceptible to variation in time and location. 

The activity-based model provides a platform designed to take into account that 

people often combine many trips into one tour.  This combining of trips is referred to as 

trip-chaining.  There is not a standard definition for trip-chaining, but the most simple 

explanation is ñthe linking of trips to visit more than one destination after leaving homeò 

[25].  The timing and location of mandatory trips significantly impacts the generation of 

multiple trips.  The trip-chaining concept focuses on the relationship and interdependence 

of timing, duration, location, frequency and sequencing of activities, nature and number 

of stops, and trip length [26].  For example, if a person must be at work between the 

hours of 8 am and 5 pm, he/she will need to make their maintenance trips either before 

work or after work.  The hours of operation of the place to which the maintenance trip is 

made is also important and must be taken into account.  Finally, the location or 

accessibility of the maintenance trip relative to the route between home and work must be 

considered to justify making the extra trip.  Because so many people make trips between 

home and work or combine several trips into one tour, it is imperative to model this 

behavior in order to get an accurate representation of regional travel patterns.  The 
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activity-based model uses time and spatial constraints as well as a hierarchy to model 

trip-chaining behavior better than the trip-based approach. 

2.1.2.3 Behavior is Controlled by Constraints 

Another important characteristic of the activity-based model is the use of 

constraints in order to predict travel patterns.  To create travel alternatives that can be 

replicated, the model must create rules that dictate when and where travel may occur.  

These rules put a limit on the travel possibilities so that the model may eventually 

converge and not try to process an infinite number of options.  Constraints may also be 

used to define how members of the household travel collectively.  This concept was 

described briefly in Table 5, which shows the possible combinations of household 

participation given the travel purposes.  The relationships between household members 

are especially important when there are children in the household that cannot travel 

without an adult. 

The three major constraints that are often used in the activity-based model are: 

1. Coupling ï include circumstances where an individual must rely on someone 

else or another resource to participate in an activity, e.g., when a child needs a 

parent to drive them to their activity 

2. Authority ï administrative restrictions are placed on the ability of the activity 

to be done, i.e., the hours of operation of establishments 

3. Capability ï relate to the possibility of activities occurring based on 

technology or natural limitations [27] and are exemplified in the concept 

known as the time-space prism 
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2.1.2.4 Activities, Locations, Times, and Individuals are Linked 

Torsten Hagerstrand coined the idea of the time-space prism.  He explained this 

theory as the notion that ñpeople live in a time-space continuum and can only function in 

different locations at different points in time by experiencing the time and cost of 

movement between the locationsò [28].  In the classic trip-based model, separate trips are 

predicted and they are not estimated based on the relationship to other trips that could 

factor into how travel occurs within an entire day.  Because the trip-based model uses 

aggregated data, the law of large numbers comes into play and trips balance out over the 

model area.  However, activity-based models predict trips for every person in the model 

area by first using the population synthesizer and then using household characteristic 

information to predict specific travel patterns.  The model can output daily schedules for 

a synthetic person much like the one shown in Figure 8.  This figure represents the 

location and time that a person spends doing a designated activity, though the model 

creates actual locations with spatial reference.  Figure 8 also demonstrates the amount of 

time it takes to travel to and from each activity. 

 
Figure 8 - Example of Time-Space Relationship [19] 
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2.1.2.5 Behavior Modeling 

One of the major differences between the trip-based model and the activity-based 

model is that the trip-based model explains travel patterns and the activity-based model 

focuses on traveler behavior [3].  The activity-based model can do this because of the 

complexity of the model, provided that the disaggregate data are available to develop a 

robust model.  Instead of aggregating all of the travel data among zones across the region, 

the activity-based model predicts travel by a householdôs socioeconomic characteristics.  

By assigning an activity to oneôs travel plan, the model can differentiate between trips 

that would have otherwise been lumped together into a broad trip purpose in the four-step 

model. 

According to the Dynamic Traffic Assignment Primer, these advanced models 

ñseek to represent travel choices made by individualsò [29].  The activity-based model 

can incorporate personal preferences and environmental conditions that might affect the 

individualôs decision to travel.  The use of time and spatial constraints along with the 

individualôs position within the household allows the activity-based model to create 

realistic daily travel patterns for the present day and for future scenarios.  This is 

important because by modeling on a household level, when the model inserts future 

transportation options such as managed lanes, the output of the model will show changes 

in travel patterns for the whole region and this can be broken down even further to see 

what groups are most affected by the enhancements. 

2.2 Weaknesses of the Trip-Based Model 

This section will focus on the weaknesses of the trip-based model.  The classical 

travel demand model was developed in the 1950s as a tool to evaluate the best options for 
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major capital investments in the transportation infrastructure [17], [30], [31].  This was an 

era when cars were becoming affordable to the average American and the repercussions 

of excessive use of the automobile were not a significant concern.  Unfortunately, this 

lack of foresight brought negative ramifications in the form of congestion problems, 

diminishing air quality, and the consumption of pollution inducing fossil fuels.  These 

major issues have led transportation professionals to a new realm of planning for the 

future that entails promoting policies focused on reducing motorized trips, increasing the 

share of non-motorized trips, and encouraging shorter trips and more travel by transit, 

paratransit, and ride-sharing [32].  Modelers have devoted a large focus on studying the 

effects that various policies have on future travel patterns because of the passing of the 

Clean Air Act Amendments (CAAA) of 1990 and the Intermodal Surface Transportation 

Efficiency Act (ISTEA) of 1991 [5], [31].  These legislations mandate that metropolitan 

areas comply with air quality standards and emphasize the importance of mitigating 

congestion, otherwise MPOs jeopardize federal transportation money.  Because these 

policies were not in place when the four-step model was developed, many of the 

weaknesses associated with this modeling approach are related to the basic structure of 

the four-step model that was developed to be responsive to decisions to add lanes to 

highways.  The following sections provide some of the most important weaknesses of the 

trip-based model that make this approach an inferior method to the activity-based models. 

2.2.1 Structure of the Trip -Based (Four-Step) Model 

The four-step model gets its name from the fact that there are four major steps in 

this type of model.  The individual steps are often developed and applied separately, 

which leads to different results being produced from trip generation, trip distribution, 
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mode choice, and route assignment [31].  When trying to model certain transportation 

policies, this is a problem because one stepôs input data may not be sensitive to the policy 

and thus the entire model result would be affected.  An example of this problem is when 

parking policy is implemented in a downtown area, which would influence a portion of 

the population to choose a different location to visit to avoid the parking costs.  The 

change in trip attraction would not be accounted for because the trip attraction step relies 

on the trip generation step, which is not typically sensitive to parking costs [33].  This 

insensitivity to policy propagates through the whole model and leads to inaccurate travel 

forecasts.  To calibrate the model to match current year data, k-factors are often 

introduced along with adjustments to each step to match known traffic and ridership 

counts.  While these adjustments make the present year data acceptable, these factors are 

not reliable to use in future forecasts [24]. 

2.2.2 Focus on Individual Trips 

Trip-based models use one-way, single-person trips as the unit of analysis.  This 

method of modeling does not take into account that many individual trips are linked 

together into one tour because of the spatial and temporal dependencies that activities 

have among each other [34].  Modeling travel as tours can help obtain more realistic 

modern travel patterns because the complexity of travel has increased since these models 

originated in the 1950s [35].  People are now able to stop for coffee on the way to work 

(as reflected in the popularity of fast-food restaurants).  These new travel patterns cannot 

be modeled appropriately with the classical methods. 
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 The trip-based model does not typically take into account the time of day choice 

or the duration of the activities in which people are participating.  This model uses broad 

ranges of time such as the A.M. peak, mid-day, and P.M. peak periods.  This aggregation 

of time does not generally allow for an accurate description of when traffic congestion is 

worst, which is critical to know when implementing congestion management strategies.  

Finally, because the four-step model only accounts for trips taken outside the home, an 

entire portion of the population who work from home or perform other activities inside 

the home may be disregarded. 

2.2.3 Insensitivity to Policy 

As mentioned above, the trip-based models do not necessarily do a good job of 

accurately portraying the shift in travel demand when certain policies, such as parking 

pricing, are implemented.  These models also have difficulty with modeling congestion 

pricing techniques because they use large blocks of time to define the peak period.  The 

practice of using congestion pricing relies on the demand at certain times of the day to 

control the prices that people are willing to pay on these facilities.  Because the trip-based 

models cannot truly factor in the effects of transportation policies, they do not provide an 

accurate portrayal of how the shifts in travel patterns of certain demographics would 

produce induced demand on transportation facilities. 
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2.2.4 Lack of Behavior Analysis 

The trip-based models do not generally take into account the relationships 

between household individuals when the trip generation step is performed.  Because of 

the insensitivity to transportation policy, the trip-based model lacks the precision to 

pinpoint how certain groups respond to the policies that are implemented.  A more 

detailed explanation of how behavior is used in travel demand modeling is presented in 

the following section, Advantages of Activity-Based Models. 

2.2.5 Aggregation Biases 

The trip-based model operates under the premise that trips are averaged across 

travel analysis zones.  Although the production of trips is modeled based on specific 

demographic characteristics, the destination choice is modeled by regression or gravity 

models that use area characteristics to deduce where trips will be taken [31].  The travel 

analysis zones are treated as homogeneous zones and trips are assumed to arrive and 

egress from the centroid of these zones. This assumption does not allow for precise 

locations to be studied independently to gather details about why trips may or may not be 

generating there, either for the current model year or for future model years when land 

use scenarios could be utilized to predict demand. 

Trip-based models also exhibit temporal aggregation bias.  There are typically 

only a few time periods (A.M. peak, P.M. peak, and off-peak) that are modeled in the 

classical approach.  It is assumed that traffic conditions are constant within each of these 

time periods, which can cause a misrepresentation of the volumes on the transportation 

network during these given times and is not sensitive to changes in congestion [24]. 
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2.3 Advantages of the Activity-Based Model 

Many of the advantages of the activity-based model are directly related to the 

weaknesses of the trip-based model.  The three major advantages are the ability to model 

traveler behavior, the assumption that travel is taken in response to the desire to perform 

an activity within a given activity schedule and the sensitivity to transportation policy 

implementation.  

The activity-based model treats daily activity-travel patterns as a whole and can 

create unique travel patterns based on the simulated demographic characteristics of that 

individual [33].  Demographic characteristics include income level, availability of 

automobiles, the household makeup and the relationships between members of the 

household.  For example, the activity-based model can distinguish that a single working 

mother of two would have responsibilities associated with traveling to work and running 

errands and providing transportation for her two children; whereas a single adult male 

living alone would have less responsibility for others and would possibly take more 

discretionary or recreational trips.  The activity-based model also takes into account the 

existence of long-term destinations such as workplace location.  This inclusion of long-

term choices adds a constraint on the traveler and matches the worker to the workplace to 

create a realistic travel pattern for that individual [36].  The use of tours instead of trips to 

model travel patterns is also related to the ability to incorporate traveler behavior because 

these tours are predicted based on the aforementioned demographic characteristics. 

The sensitivity to transportation policy implementation is a major advantage to 

the activity-based model.  The interest in activity-based models has risen significantly in 

recent years because of the positive outcomes that the working models have produced 
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related to policy sensitivity.  There are mandates that require a certain amount of detail 

that future forecasts must be able to show in regard to environmental concerns related to 

the development of transportation improvement projects.  The restrictions on air quality 

conformity that the CAAA provide have played a major role in MPOs thinking that 

activity-based models are theoretically better suited to model transportation policies to 

knowing that they need to provide more detailed answers to policymakers about how 

transportation alternatives can affect the region.  The activity-based models can also 

assist in Environmental Justice analysis to evaluate whether transportation projects 

provide inequitable distributions of environmental burdens because these models can help 

to better pinpoint how transportation policies are likely to change the travel behavior of 

demographic groups. 

2.4 Activity -Based Models Currently in Use 

There are several cities that currently use an activity-based model for their 

primary travel demand model ï Columbus, Ohio; Denver, Colorado; New York, New 

York; Sacramento, California; San Diego, California, and San Francisco, California.  

These regions have been widely documented as being forerunners in the activity-based 

modeling realm.  The idea of converting to activity-based models has permeated the 

modeling world and quite a few other MPOs are in the process of developing more 

sophisticated models.  The regions that have activity-based models under development 

and have models that are developed but not yet fully functional are shown below in 

Figure 1 along with the model regions mentioned above. 
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Figure 9 - Activity -Based Model Usage in the United States [37] 

This section briefly describes the reasons that each of the MPOs that are currently 

operating an activity-based model as the primary travel demand model decided to 

develop an activity-based model and how they have used the model to their advantage. 

 The first fully functional activity-based model to be developed that is still in 

operation was the New York Best Practices Model.  This model was implemented in 

2002 as a means to replicate travel patterns of individuals in the model region [2].  Due to 

the complexity of the region and the number of TAZs, it was not feasible to implement a 

trip-based model for New York because the number of matrices that would have been 

produced from each step were beyond the computational capabilities [38].  The first 

module of the New York model, which is comparable to the trip generation step of the 

trip-based model, generates tours for the region.  This module consists of three successive 

models that include a household population synthesizer that replicates all of the 
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individuals in the region based on socioeconomic characteristics; an automobile-

ownership model that is sensitive to household characteristics and residential zone; and a 

tour-frequency model that operates at the person-level to predict tours based on 

household interaction and travel purposes [39].  The  Best Practices Model has been used 

for air quality conformity analysis, major investment studies, the analysis for the 

transportation improvement program and regional transportation plan, and was used for 

the Manhattan pricing study [2]. 

 The San Francisco activity-based model was originally developed and put into 

production in the early 2000s.  The impetus for developing this advanced model was the 

need to answer questions from decision-makers about the implications of individual 

transportation investment and policy choices [38].  The model has been used to analyze 

the effects of congestion pricing and other transportation management policies.  The 

major benefit that the MPO has experienced with the advanced model is the ability to 

pinpoint individual groups who may be affected by certain policies, e.g., the impact on 

income groups when a toll is forecasted for an existing roadway.  In a trip-based model, 

due to the structure of model, results pertaining to the effects of certain transportation 

investments are obscured by aggregation biases.  In the activity-based model, the impacts 

of a policy or investment can be isolated according to characteristics such as gender, 

income, automobile availability, and household structure.  This explicit information also 

enables the modeler to better understand the traveler behavior choices that may affect 

destination choices, modal preferences, and the time of day in which to travel [2]. 

The Columbus, Ohio model is another of the first generation activity-based 

models.  The main transportation concern for the Columbus region is travel growth and 
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expanding the transportation network to provide capacity [3].  The decision to convert to 

the advanced model was made because a consultant enticed the MPO with the ability to 

provide an activity-based model within the same time-frame and budget that they could 

offer a trip-based model [38].  This model incorporates intra-household relationships and 

uses time increments of one-hour instead of the peak and non-peak periods that trip-based 

models employ [40].  These components allow for the model to be used to determine the 

implications of transportation policies that involve shared rides and time-specific 

constraints such as parking policies, telecommuting, reversible lanes, HOV lanes, and 

peak spreading [3].  The activity-based model is used to study transit alternatives, air 

quality conformity, and transportation alternatives for the long-range plan. 

The Sacramento, California activity-based model was developed in order to 

scrutinize the factors that affect travel changes and the production of greenhouse gases 

[3].  The model has been used to analyze various transportation policies that target 

improving the air quality in Sacramento and verify whether these policies have a positive 

impact not only on the air quality but on traveler mobility as well.  The effects of land use 

such as mixes of land use, density, and the availability to take short distance trips or 

transit can also be created in the activity-based model in Sacramento [38].  As with other 

regions, Sacramento has benefited from the disaggregate nature of the activity-based 

model to provide detailed information about the effect of policies on individuals, rather 

than a conglomerate of unrelated socioeconomic groups across the model region. 
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The San Diego, California and Denver, Colorado activity-based models have just 

recently been put into production.  The San Diego region was influenced by the other 

major model regions in California to develop an advanced model.  The benefits that San 

Francisco and Sacramento had seen with their models in regard to pinpointing individuals 

who may be directly affected by the implementation of certain transportation investments 

was a major factor for San Diego to move toward an activity-based model.  There was 

also encouragement from the California Transportation Commission to keep up with the 

state-of-the-practice [38].  The Denver activity-based model was developed in order to 

take advantage of the benefits that other MPOs had seen with the implementation of 

advanced models.  Of particular concern to Denver were the benefits with respect to 

answering complex policy questions, analyzing the effects of different land-use scenarios, 

tolling, modeling non-motorized transportation, modeling the effects of greenhouse 

gases, and modeling the effects of an aging population on the transportation network 

[38]. 
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CHAPTER 3  

METHODOLOGY  

The purpose of this thesis was to first assess the use of activity-based models in 

the United States and second to evaluate the opportunity for an MPO to adopt an 

advanced model.  To provide a manageable scale for this endeavor, the top fifty most 

populous cities in the United States were targeted for evaluation.  An individual in the 

modeling department from each regionôs MPO was initially contacted with an email 

introducing myself and asking for participation in this research.  A survey, which is 

attached as Appendix A, was provided to the individual to either fill out immediately or 

to peruse and contact me via phone to discuss their modeling techniques with more detail.  

The questions in the survey were targeted to gain information about each regionôs 

population characteristics, current and future conditions of the transportation network, 

environmental concerns for the region, current model specifics, and the attitude of the 

MPO in regard to activity-based models.  After compiling the results from the survey, 

each affirmative answer to the criteria was given a point to tally in the overall total.  Each 

region that met the majority of the criteria was deemed to benefit from converting to an 

activity-based model.  The following sections describe the motivation and importance of 

each of the criteria that were used to decide the recommendation for each MPO. 

3.1 Population Characteristics 

As stated previously, the activity-based model focuses on understanding travel 

behavior; whereas, the trip-based model focuses on travel patterns across the entire 

region.  Through countless modeling procedures over the years, it has been found that 

certain household characteristics (income, car availability, household size, and household 
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structure) are indicative of the types of trips that individuals will take [8].  The activity-

based model introduces the concept of predicting household trips based on the 

relationship between the individuals in the household.  The trip-based model has 

difficulty in predicting non-home based trips because of the structure of the model, but 

because the activity-based model attempts to incorporate trip chaining, these types of 

trips are predicted with more reliability.  Therefore, the percentage of households with 

children, the percentage of households with non-workers, and the percentage of 

households with zero automobiles available were found for each model region because 

these characteristics could have a great effect on the validity of the trip-based model and 

trips could be predicted better by using the activity-based model. 

3.1.1 Households with Children 

The activity-based model takes into account the relationship between household 

members when determining what kinds of activities individuals will partake in during the 

travel day.  A significant relationship to account for is the presence of children who are 

incapable of making independent trips.  Households with children often experience more 

constraining activities than those without children [20].  The age of the children in the 

household is also a significant factor.  According to Strathman et al., lifestyle stages have 

the following effect on trip-chaining [38]: 

Households with preschool children had a higher proportion of simple 

home-destination-home shopping trips and correspondingly fewer 

complicated work commute chains.  Households with school age children 

experienced increasingly complex passenger and household needs-serving 

chains. 
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The American Fact Finder tool on the U.S. Census Bureau website was used to 

find the number of households with at least one child.  The Profile of General Population 

and Housing Characteristics was used to find the total number of households and the 

number of households with children for each county in the model region [39].  The 

percentage of households with children was then found for the entire region by summing 

the totals for each of the counties that make up the MPO model area.  After determining 

the percentage for all of the cities that responded to this survey, it was found that there 

was not an overwhelming majority of households with children in any of the regions; 

therefore, the third quartile of all of the participating cities was used as a breaking point 

to decide whether to give an affirmative position for this criterion.  The third quartile was 

used for this and other metrics as a way to distinguish the regions that exhibited greater 

than average statistics. 

3.1.2 Number of Working Adults in Household 

The trip-based model is able to predict home-based work trips with the most 

certainty because these trips are generally long-term and mandatory trips.  Given the 

appropriate household and employment information, these trips can be predicted with the 

most precision.  However, not every household consists of only working adults and not 

all trips are to and from work.  Ben-Akiva and Bowman state [23]: 

Of the 9100 travel hours reported in the travel survey, the work commute 

requires only 24 per cent, whereas travel for activities chained with the 

commute, non-work primary tours and secondary tours require 15 per 

cent, 43 per cent, and 17 per cent, respectively.  This reveals the weakness 

of the usual work-trip-based accessibility measure.  Such a measure 
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properly represents accessibility only for the group of individuals who 

make a single work tour without stopping for other activities during the 

tour. 

The Employment Characteristics of Families data was used to determine the 

number of workers and non-workers in the household for each county comprising the 

participating model regions.  The corresponding tables took the form similar to Table 6 

below. 

Table 6 - Example Table from Employment Characteristics of Families 
Subject Estimate No. Workers 

Families Total Households  

EMPLOYMENT STATUS   

Married-couple families Total Married-Couple Families  

Both husband and wife in labor force % 2 

Husband in labor force, wife not in labor force % 1 

Wife in labor force, husband not in labor force % 1 

Both husband and wife not in labor force % 0 

   

Other families Total Other Families  

Female householder, no husband present %  

In labor force % 1 

Not in labor force % 0 

Male householder, no wife present %  

In labor force % 1 

Not in labor force % 0 

The households with one less worker than the number of adults were of particular 

importance in this research because households with two working adults would have 

more predictable work travel patterns that the trip-based model would be able to model 

and households with no workers would have atypical travel patterns that would be 

difficult to predict even with the activity-based model.  The percentage of households 

with one less worker than adults in the married-couple families was found by adding the 

alternatives for one worker.  For other families, the alternatives for zero workers were 

added.  These percentages were then averaged together to determine the percentage of all 
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households comprised of one less worker than adults.  Again, the third quartile was used 

as a breaking point to determine if the region would be given a tally for this criterion. 

3.1.3 Automobile Availability  

New transportation policies dedicated to promoting smarter travel options aim to 

reduce the number of single-occupancy vehicle trips and encourage other forms of 

transportation such as walking, biking, taking transit, or carpooling.  The availability of 

automobiles is critical because this information dictates the mode a person is able to 

choose for their trip.  The activity-based model provides a better travel estimate because 

it models traveler behavior as well as uses household characteristic information, such as 

how many cars are available, to predict trips.  The activity-based model also takes into 

account the relationship between members of a household and is therefore more apt at 

determining when individuals share rides.   

The availability of automobiles for households was acquired from ACS data on 

the American FactFinder website [40].  There are four options listed in the ACS data in 

regard to automobiles: zero cars, one car, two cars, and three or more cars.  The percent 

of households with zero cars was used in the criteria because areas where many people 

are not able to use an automobile to travel would benefit from an activity-based model 

because their travel options are limited to alternative modes that new transportation 

policies target.  The third quartile, which was found to be greater than 3.92%, was used as 

the threshold between giving a recommendation for this category or not. 

3.1.4 Population Growth Rate 

The population growth rate of a metropolitan region plays a major role in what 

decisions will be made for the future of the transportation system.  Activity-based models 
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are more sensitive to changing demography and can replicate travel growth factors in 

long-term planning better than traditional models [44].  If a region is experiencing 

considerable growth, they will be more likely to implement policies to mitigate the 

inevitable congestion that will arise, especially in the current economic hardship where 

new construction is rare.  The activity-based model can forecast future travel patterns 

based on transportation policies with more accuracy than the trip-based model because 

the activity-based model operates using traveler behavior data [45].  If a region is 

experiencing an incredibly high rate of growth, it was assumed that the activity-based 

model would not provide an exceptionally better forecast because of the amount of 

uncertainty that would result in this growth.  Therefore, the cities that had a population 

growth rate greater than three standard deviations and that were less than 1 were not 

given a point towards a recommendation for converting to an activity-based model.  The 

growth rate was calculated from population statistics from the 2000 and 2010 Census.  

3.2 Highway Network 

The current state of the transportation network was considered because knowing 

the unique issues for each model region would affect whether an activity-based model 

would be beneficial to the area.  Future transportation planning efforts are dependent on 

the current level of service.  If an area has a major issue with congestion and building 

more highway lanes is not a viable option, other measures must be considered to mitigate 

the problem.  There are several cities that have adopted the practice of using managed 

lanes and other policies to alleviate the burden of congestion.  The activity-based model 

has gained recognition in the modeling community because of the ability to address 

changes in travel caused by implementing new policies aimed at promoting sustainable 
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growth.  The NCHRP Report 406 states, ñThe true advantage is that they are sensitive to 

a broader range of policies and can answer more complicated questionsò [18].  The next 

three subsections describe the motivation behind using the three criteria related to the 

highway network to judge the usefulness of an activity-based model. 

3.2.1 Congestion Index 

Congestion was used as a measurement tool because the cities that are facing this 

problem are likely to be considering techniques to mitigate congestion other than those 

associated with adding capacity.  The activity-based model is able to address the changes 

in traveler behavior when policies such as carpooling and managed lanes are put into 

practice because the model takes into account the possibility and likelihood of household 

members sharing rides.  The Texas Transportation Instituteôs (TTI) roadway congestion 

index for the year 2010 was used to verify the severity of congestion for each of the 

participating model regions [46].  The regions with a congestion index greater than 1 

were given a positive score for this measure. 

3.2.2 Peak Hour Traffic  

The normal morning and evening commute times are referred to as peak travel 

times.  In addition to the congestion index, the TTI Congestion Report also calculates the 

number of hours that roadways are congested for urban areas across the country.  This 

statistic is important to study because the activity-based model is able to account for peak 

spreading.  The NCHRP Report 406 describes why trip-based models lack accuracy in 

this circumstance [18]: 

Trip-based models cannot account for the constraints of adjacent 

activities or travel, and therefore risk overstating travelersô willingness to 
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shift times of day in response to congestion or pricing.  Activity-based 

models that include a time-of-day choice and are sensitive to level-of-

service can model these scenarios with more confidence. 

The cities with a daily peak hour greater than four hours (including morning and evening 

peak hours) were given a point towards the recommendation of an activity-based model. 

3.2.3 Freight Congestion 

Congestion on the highways is not only attributed to passenger vehicles.  A 

critical factor to consider when modeling travel demand is the amount of congestion 

caused by truck deliveries because this movement can alter the distribution of traffic and 

affect travel patterns.  These deliveries include in-town drop-offs as well as interstate 

freight transport.  In Atlanta, truck traffic is prohibited from traveling on the interstates 

that run through the middle of the city unless they are making local deliveries.  

Otherwise, trucks much use the bypass ï Interstate 285 ï to travel around the city.  The 

abundance of trucks often makes the I-285 corridor severely congested and can influence 

travelers to alter their travel decisions. 

 The 250 most freight-related congested highway locations in the country were 

found in order to assess which model regions included in this research were affected the 

most [43].  The locations in this data were ranked based on the average severity of 

congestion during weekdays in 2010.  The metric used to determine congestion is average 

speed (including peak and non-peak).  Free-flow speed was assumed to be 55 mph. 

 The locations in this data are mostly interstate interchanges, resulting in many of 

the model regions in this thesis having multiple congested locations.  In order to provide 
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an accurate representation of congestion, the ranking system shown in Table 7 was 

developed to determine the total amount of congestion that the model area experiences.   

Table 7 - Ranking System for Freight Congestion Locations 

Average Speed Score 

>= 55 mph 1 

50-55 mph 2 

45-50 mph 3 

40-45 mph 4 

<40 mph 5 

 

This system was important to implement because the number of congested 

locations does not necessarily correlate with the severity of congestion in the region.  For 

example, if a city had five congested locations on the list of the top 250 sites, but the 

average speed for all of the five locations was at least 55 mph, just looking at the number 

of locations would not portray a factual description of the severity of congestion for that 

region.  Therefore, each location was designated a score based on the ranking system in 

Table 7 and the scores for each of the locations in the region of interest were summed to 

give an overall congestion total.  For the cities that received a total score of 10 or greater, 

the activity-based model was recommended for this criterion. 

3.3 Environmental Conditions 

A major concern for large metropolitan areas is air quality.  Congestion is a major 

contributor to air pollution in urban areas, which is why new techniques are being 

developed and implemented to focus on reducing congestion in lieu of adding capacity.  

New transportation planning agendas have been set forth in part by the Clean Air Act 

Amendments (CAAA) of 1990 [5].  One of the most attractive qualities of the activity-

based model is the ability to dissect the model and determine what specific policies affect 
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travel demand.  Knowing these specifics and pairing this information with the more 

accurate travel forecasts that activity-based models provide, modelers and policymakers 

can assess the most effective ways to reduce automobile emissions and comply with the 

clean air standards.  If a participating city was designated a non-attainment area for any 

pollutant, it was given a point for this parameter because these regions must demonstrate 

compliance with environmental conformity regulations. 

3.4 Model Specifics 

The trip-based model contains inherent weaknesses such as the lack of 

incorporating temporal and spatial constraints, aggregation of trips across entire travel 

analysis zones, and grouping trips by trip purpose and not activity participation.  In the 

trip-based model, travel within TAZs is either not accounted for or modeled separately; 

the focus is on travel between TAZs.  This procedure inhibits the ability to model short 

trips that are likely to be taken via non-motorized modes.  One of the goals of new 

transportation policies is to reduce the dependence on automobile trips and encourage the 

use of non-motorized modes.  Therefore, modeling non-motorized trips is important not 

only because it provides an account for short trips between zones, but also factoring in 

these trips can be useful for modeling new policies that directly affect the change in mode 

share.  For the cities that currently use a trip-based model and were found to model non-

motorized trips, this measure was given a point towards recommendation of an activity-

based model.   

Initially, the survey techniques of each MPO were considered because of the 

importance of collecting information about trip times and purposes in order to incorporate 

this data into an activity-based model.  However, it was found that all cities that provided 



51 

feedback now use travel diaries that track travel by time of day, location, and purpose.  In 

regard to the information that is needed to develop an activity-based model from the 

household surveys, Vovsha et al suggest that the structure of the household surveys is 

equally suitable for estimation of conventional and activity-based models [24]. 

3.5 MPO Interest 

The general attitude of the MPO is important to consider because in order to enact 

a change in modeling procedures, there must be a champion that is a proponent of the 

new method.  In the research, it was found that there are many reasons that MPOs are 

discouraged from making the transition to the activity-based model.  Most of these 

hesitations are due to the extra costs that the advanced models carry due to the detailed 

data that is needed to create and run the more precise models.  Other concerns are that 

there is not enough proof that the models can predict future travel patterns with more 

accuracy than the traditional models.  If the MPO expressed that they were interested in 

and/or developing an activity-based model, the criteria was counted in the overall tally 

for recommendation of converting to an advanced model. 

3.6 Work Mode Share 

As stated above, the policies that govern the direction of transportation projects in 

the country focus on reducing single-occupancy vehicle trips and promoting the use of 

alternative modes.  The mode share of trips to work was found via the Means of 

Transportation to Work database of the American Community Survey of 2010 [40].  For 

regions that have a high percentage of trips taken by transit, nonmotorized modes, or in 

carpools, the activity-based model would provide more precise estimates of travel to 

work.  In order to reduce the number of automobile trips, many companies have adopted 
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telecommuting options that enable employees to work from home.  The trip-based model 

only estimates trips taken outside of the home; whereas, the activity-based model realizes 

that sometimes activities can be performed at the home and are more sensitive to policies 

that promote telecommuting.  The work trip is especially important because these trips 

are long-term decisions that are taken regularly during the week and at the same general 

time each day.  It is therefore critical to provide an accurate estimate of work trips to 

create a practical representation of congestion during peak travel periods. 

The U.S. Census gathers modal information for the following modes: drive alone, 

shared ride, public transit, walk, work from home, and bicycle/taxi/motorcycle.  The 

percentage of each of these modes was found for the model regions in this thesis.  The 

third quartile values were used as the breaking point for a recommendation for the shared 

ride, walk, and work from home modes.  Instead of using the third quartile for transit 

trips, the cities with more than 10% of work trips taken by transit were given a point 

towards recommendation.  There is a disparity in the transit ridership for the cities in this 

survey so the cities that showed a much higher percentage of transit trips than the average 

were selected because the activity-based models are more beneficial for areas with low 

percentages of single-occupancy vehicle trips, which correlates with high transit use. 

3.7 Current Transportation Demand Management Practices 

Transportation demand management is the practice of implementing strategies 

that reduce the need and desire to travel by single-passenger automobiles or provide ways 

to redistribute travel patterns through space and time.  Congestion in urban areas is a 

major problem for a host of reasons.  First of all, congestion is a key contributor to 

pollution due to emissions from burning gasoline.  Poor air quality causes respiratory 
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problems and other health issues to residents.  Finally, the increased travel time that is a 

result of congestion causes individuals to spend more of their valuable time sitting in 

traffic.  Transportation demand management policies aim to change the way people travel 

by providing travel options that benefit individuals in regard to improving their quality of 

life by reducing congestion and improving air quality.  The activity-based model is a 

better modeling tool when demand management practices are employed because these 

advanced models take into account the underlying reasons trips are made, when they are 

made, and where they are made [5].  This also includes the ability to incorporate the 

underlying factors, such as transportation policies, that individuals use to determine what 

mode to use to participate in their activity.  The practices discussed below can have an 

impact on how people choose the mode to use for their travel purposes. 

3.7.1 Parking Management 

Parking management techniques are used to discourage the use of automobile 

trips, especially in dense areas such as the central business district.  Common practices 

include creating freeze zones where parking is prohibited, charging for parking, 

providing preferential spaces for carpools, or eliminating the minimum number of spaces 

required for retail developments.  Many of the innovative parking strategies in the 

country that have shown positive results in reducing congestion were found in the U.S. 

Parking Policies document [44].  The long-term transportation plan for each MPO was 

reviewed to determine what other parking strategies are currently being used or will be 

adopted in the future.  If a parking management method was explicitly documented in the 

transportation plan, the region was given a recommendation to convert to an activity-

based model for that criterion. 
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3.7.2 Bicycle and Pedestrian Facilities 

Activity -based models are beneficial in areas where there are a large proportion of 

trips made by modes other than single-passenger vehicles.  The latest transportation 

policies that focus on reducing congestion also include a strong emphasis on encouraging 

nonmotorized travel.  The transportation plans for each MPO were analyzed to verify if 

the region places an emphasis on improving the pedestrian and bicycle facilities.  All of 

the cities included in this research have a multitude of pedestrian and bicycle projects 

included in their strategic plans.  Therefore, all of the regions were given a point towards 

recommendation for this metric. 

3.7.3 Commute Options 

The final type of demand management practice that was studied was the idea of 

commute options.  Commute options consist of shared ride techniques such as carpools 

and vanpools.  Other measures include promoting telecommuting and alternative work 

hours to employers in the region.  As stated previously, the activity-based models can 

provide better estimation of regional travel for areas where policies are in place to 

discourage single-occupancy vehicle trips.  The activity-based models can also 

incorporate the concept of telecommuting because these models take into account that an 

activity can be performed without leaving the household.  It was found that all of the 

participating regions have various services dedicated to providing commute options to the 

public.  Each city was awarded a point towards recommendation of an activity-based 

model for this criterion. 
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3.8 Future Plans 

The future transportation plans of the region are necessary to include in this 

analysis because travel demand modeling is the practice of forecasting future 

transportation needs.  The activity-based models are more apt at predicting travel patterns 

that are associated with the implementation of policies aimed at reducing drive-alone 

trips and promoting alternative modes of transportation.  Some of the policies that are 

currently being utilized were discussed in the previous section, but this section focuses on 

future implementation. 

3.8.1 Congestion Pricing 

Congestion pricing is a mitigation approach that uses the principle of supply and 

demand to balance the roadway network during peak hours.  Those individuals willing to 

pay to travel during the congested timeframe have the opportunity to do so and those who 

do not wish to pay have other alternatives.  All individuals have a value of time that 

dictates their willingness to pay in the presence of these types of pricing practices.  

Activity -based models predict travel patterns and activity participation based on the 

characteristics of the individual; therefore, advanced models are able to provide a 

sensible estimate of how congestion pricing affects individual traveler behavior.  Based 

on the survey responses provided, the regions that acknowledged plans to implement 

congestion pricing were given a point for this condition. 

3.8.2 Transit  System Expansion 

The transportation policies that are crucial to the development of an efficient 

system that reduces congestion and improves air quality relate to plans that incorporate 

new measures apart from building more highways.  The performance of the transit system 
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plays a role in the desirability of riders to take advantage of this transportation mode.  

The regional transportation plan for each region was studied to determine if there are 

plans to expand the transit system to allow more connectivity across the region.  If there 

are plans to expand the transit system or to improve service, the region was given a 

recommendation for an activity-based model for this measure because it is assumed that 

the plans are based on forecasts that predict an increased demand for the transit system. 
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CHAPTER 4  

RESULTS 

This chapter utilizes the criteria described in the methodology chapter of this 

thesis.  Table 8 displays all of the urban areas that were targeted for this endeavor.   

Table 8 - Top Fifty Most Populous Regions and Response Results 
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The initial goal was to receive responses from the top 50 most populous regions in 

the country, but not every city responded to the questionnaire.  For the 26 regions that did 

respond, there were varying levels of response, which are also shown in Table 8.  The 

first response category is the ñStatus Quo Responseò.  The replies grouped in this 

classification are those where the respondent took the time to answer the questions in the 

survey, but did not elaborate or provide supplemental information that would be 

beneficial for this research.  The second category, shown in the table above as ñDetailed 

Response,ò consists of replies where the respondent took the time to gather information 

and resources to assist in describing how the MPO uses its travel demand model.  These 

responses also included insight into any concerns that the modelers have about converting 

to an activity-based model.  This feedback is helpful because it allows the respondent to 

point out unique characteristics of the model region.  The last category is comprised of 

MPOs where the individuals were reached via a phone call so that the information being 

relayed was made perfectly clear to the researcher.  These responses were the most 

helpful because they allowed for the opportunity to ask follow-up questions immediately, 

in the event that responses needed to be clarified.   

The response rates for each category are shown at the bottom of Table 8.  Twenty-

four out of the 50 regions (48%) did not provide feedback on the survey and 52% did 

provided respond.  Twenty-two percent of the responses were status quo, 24% were 

detailed, and 6% were over the phone.  The cities that responded were evaluated to try to 

determine a trend that made these areas more likely to respond than the non-respondents.  

Table 8 lists the model regions by population, which does not appear to indicate any 

obvious trend between the size of the model region and the willingness to assist in this 
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research effort.  The familiarity and interest in activity-based models was also used to 

attempt to determine a trend in responsive cities.  Table 9 shows all of the targeted cities 

Table 9 - Response Rates Determined by Interest in Activity-Based Models 




















































