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CHAINING BEHAVIOR IN URBAN TRIP MAKING: A CRITICAL REVIEW 

1. Introduction 

Although there exists a sizeable body of literature involving complex 

travel behavior most of this literature is of a highly fragmentary nature 

due to the lack of a comprehensive theoretical framework. Within the 

last decade transportation research has addressed such issues as activity 

time allocation (duration), destination choice, trip linkages, activity 

participation, activity scheduling, spatial/temporal constraints and the 

structure of multi-purpose travel but few studies have attempted to 

incorporate more than one or two of these concepts into a methodological 

framework. Similarly, a full range of models, from conceptual to 

empirical involving a wide range of techniques (e.g., Markov processes, 

Monte Carlo simulation, multiple regression analysis, utility 

maximization, etc.) have been employed with varying results. Although a 

descriptive review of all the existing literature would provide 

substantial background, a critical analysis of the most relevant sources 

serves as a better means to identify potential "building blocks" (i.e., 

variables, constraints, interactions, etc.) for use in the design and 

construction of a comprehensive theoretical framework. In general, three 

types of research were considered relevant to this study: 

(1) studies that isolated critical variables and investigated their 

influence on individual's observed behavior 

(2) studies that employed multivariate frameworks to examine the 

interactions between sets of variables, and 
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(3) studies that developed behavioral theories and empirically 

tested various theoretical constructs. 

The hypotheses generated and the inferences drawn have been compared and 

contrasted so that both similarities and differences in the studies are 

revealed. To facilitate multiple comparisons between the various 

approaches, a literature taxonomy has also been constructed and is 

included in the appendix to this paper. 1 

2. Trip Link age Analyses 

Many of the early studies of complex travel behavior involved 

analyses of multiple-sojourn tours. Research into the intensity of 

linkages has focused on the frequency with which different land-use 

types, activity types and destinations (either zones or individual 

establishments) are combined into multiple-sojourn tours. Hanson and 

Marble (1971) tabulated activity type frequencies for both single- and 

multiple-sojourn tours to shed some light on the question of which 

activities are more likely to bP. included in multiple-, rather than 

single-sojourn tours. Wheeler (1972) explored the effect that spatial 

distribution of activities has on an individual's choice of 

multiple-sojourn travel linkages through the application of transaction 

flow analysis to an origin-destination flow matrix. The transaction flow 

model calculates the number of movements between locations i and j 

Components of the taxonomy include the following: (1) author, (2) date, 
(3) major theme, (4) underlying theory/hypotheses, (5) principal 
methodology, (6) major assumptions, (7) data sources, (8) sample size, 
(9) policy sensitivity and (10) primary results/conclusions. 
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that would be expected if each location j was an equally likely 

destination for movements originating at i and each location i was an 

equally likely origin for movements terminating at j. By comparing the 

actual number of observed movements to those generated by the model, 

Wheeler is not only able to identify the "dominant" flows (i.e., those 

flows that occur with greater frequency than expected) but also those 

locations that are most frequently linked to a specific destination, as 

origins and those locations that are most strongly linked to a given 

origin, as destinations. Results indicated that a large number of 

sojourns contained in multiple-sojourn tours were located in the 

principal business and commercial areas of the city but an even higher 

than expected proportion of sojourns were located in peripheral areas of 

the city. Wheeler suggests that it is here, at those locations farthest 

from the city center, that the advantages of trip linking are at their 

highest. 

Another analytical tool often used in the early analyses of 

multiple-sojourn tours is factor analysis. This technique proved 

especially useful in outlining groups of origins with similar destination 

linkage patterns and groups of destinations with similar origin linkage 

patterns. Hanson and Marble (1971) identified land-use types with 

similar linkage configurations while Wheeler (1972) delineated zones with 

similar patterns of interaction. Although this technique is helpful in 

identifying sets of origins and destinations that are functionally 

interdependent, the model's emphasis on producing orthogonal factors 

(i.e., statistically independent groups) precludes it from identifying 

salient indirect linkages. 
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Markov models have been employed by many researchers in an attempt to 

identify both direct and indirect linkages. The essential feature of the 

Markov model is the transition probability matrix in which each element 

(p .. ) of the matrix represents the probability of moving from state i 
lJ 

(e.g. location i, activity type i, etc.) to state j (e.g. location 

j, activity type j, etc.). It is through these transition probabilities 

that the relative strengths of the linkages are maintained. In addition 

to displaying the pattern of direct linkages, repeated powering of the 

matrix yields the pattern of indirect linkages. The mean first passage 

time (MFPT) is an index of the number of links an individual takes to 

move from state i to state j. The MFPT matrix, which incorporates 

both direct and indirect linkages, is a measure of the relative 

propensity of various states to link with one another. Henmens (1966) 

used a Markov model in an investigation of household activity linkage and 

found that the likelihood of multiple-sojourn tours is directly related 

to household mobility (as measured by household income and automobile 

ownership) and residential location (as measured by distance from the 

CBD) and inversely related to household size. Henmens also hypothesized 

that time of day exerts an influence on both choice of activity and 

duration; statistical tests (chi-square and analysis of variance) 

supported this hypothesis. Horton and Shuldiner (1967) determined the 

degree of "linkage" among various nonresidential land uses with the 

implicit assumption that this linkage strength was an index of the 

likelihood that multiple-sojourn tours will be made. Wheeler (1972) 

examined the linkages between activity types and found that (1) personal 
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business activities were strongly linked with other personal business 

activities and shopping activities, (2) medical/dental activities were 

strongly linked with shopping activities and (3) work activities were 

strongly linked with social activities and shopping activities. 

While the previous studies applied Markov models in the absence of 

any theoretical (behavioral) foundation, subsequent studies such as those 

performed by Gilbert et al. (1974) and Burnett (1978) sought to introduce 

behavioral concepts into the model. Gilbert et al. (1974) hypothesized 

that the amount of time an individual spends participating in an activity 

affects subsequent movements and they developed a semi-Markov model to 

account for this influence. Burnett (1978), in an attempt to shed some 

light on the confusion surrounding the relationships between cognition, 

choice and adaptation, investigated the potential of Markov models for 

yielding predictions about individuals' choice of successive 

destinations. Two types of behavioral hypotheses were tested. The first 

hypothesis assumed that, over time, individual decision makers adapt in 

such a way that they reach an equilibrium state characterized by habitual 

use of one destination for a specific activity (although different 

decision makers may use different destinations). The second hypothesis 

assumed that decision makers have a tendency to use their last 

destination for an activity but do fluctuate between alternative 

destinations over time. Statistical tests of the hypotheses resulted in 

the rejection of both models, thus indicating the inability of Markovian 

models to adequately represent individual travel behavior. Several 

explanations for this can be uncovered by a close examination of the 
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model structure. First, the transition probabilities are empirically 

constructed from observed linkages by simply calculating the row 

percentages for each cell. This results in an aspatial/atemporal 

treatment of an inherently spatial/temporal phenomenon. Second, although 

the MFPT provides information about indirect linkages through the number 

of "time periods" it takes an individual to travel from one state i 

(location, activity type, etc.) to another state j, this measure of time 

is actually just the number of multiplications of the transition matrix. 

Third, and probably most important, is that the probability of transition 

from state i to state j is only dependent on location i--not on any 

locations visited prior to i. It is this lack of influence that travel 

history has on individual's current decisions that gives the model its 

"memoryless" nature. Al though there are serious shortcomings associated 

with modeling multiple-sojourn tours via a Markovian framework, the use 

of such models have provided some insight into the relative strength of 

various linkages. 

3. Simulation Models 

Another group of early research efforts concentrated on the 

development and testing of various simulation models. Theories (or 

partial theories) were formulated as explanations of certain observable 

properties of multiple-sojourn tours (e.g., number of sojourns per tour, 

types of establishments visited, etc.) and simulation models based on the 

theoretical constructs were then developed to test the validity of the 

theory. Nystuen (1967) saw travel behavior as the complement of spatial 
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location (i.e., travel behavior both determines and is determined by the 

spatial distribution of facilities) and attempted to develop a general 

theory that would incorporate this interdependency. Two assumptions were 

crucial to the development of the model: 

(1) the location of a specific retail establishment relative to 

other establishments influences the individual's selection 

process, and 

(2) home is a special location in the urban environment, the utility 

of which increases with time spent away from it. 

A spatial association index of retail establishments was constructed 

along with a temporal probability function for tour continuance and these 

two components combined to form the simulation model. Given the first 

activity of the tour, the simulation model predicted whether the tour 

would terminate because of time and if not, where the next trip would 

go. The model resulted in an overestimation of total trips due to an 

overestimation of multiple-sojourn tours (at the expense of 

single-sojourn tours) but these results could probably be improved with 

the addition of activity duration into the model structure. Another 

stochastic model of multiple-sojourn tours was developed by Ginn (1969} 

with the aid of dynamic programming techniques. He assumed that the 

probability of making a link between two locations i and j, given that 

an arrival at location i took place on the previous link, was a 

function of (1) the utility of location j, (2) the transportation "cost" 

(both temporal and monetary) of travel between locations i and j and 

(3) the expected cumulative utility and cost for all the other links on 
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the tour beginning at location j. Due to the complexity of the 

phenomenon being modeled, Ginn did not seek true optimization in his 

model. Instead, probabilistic tour paths and expected frequencies of 

multiple-sojourn tours were estimated together with the expected 

cumulative utility and cost of the multiple-sojourn tours. Despite only 

limited empirical testing on hypothetical spatial arrangements, Ginn•s 

recognition of the interdependent nature of individual's travel decisions 

and his operationalization of this concept (through a dynamic 

"look-ahead" mechanism) is significant. 

Another investigation into the relationship between retail location 

and consumer movement was conducted by Mackay (1971). He viewed 

individuals as "discriminating" between various establishments when 

making their decisions and modeled this "discrimination" as a sequential 

three-stage process involving the decisions (1) whether or not a shopping 

tour should be made at a particular time period, (2) how many 

establishments should be visited during the tour, and (3) which 

establishment type should be visited on each stop in the tour. 

Information concerning the household's composition, accessibility to 

retail establishments, attitudes about the "attractiveness" of retail 

establishments and general shopping habits (e.g., frequency, size of 

purchases, etc.) was used in the construction of discriminant (choice) 

functions and the individual choices were simulated by sampling the 

posterior probabilities of the discriminant functions with the aid of a 

Monte Carlo sampling procedure. Several consumer movement heuristics 

(e.g. total tour distance minimization, sequential trip distance 
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minimization, etc.) were used to model the individual's final decision 

regarding the specific establishment to visit on each trip. Although 

discrepancies between simulated and observed multiple-sojourn shopping 

tours existed at the individual level, the simulated distributions of 

shopping tours by number of sojourns, day of the week, distance traveled 

and establishment types are significantly close to the actual 

distributions. 

Vidakovic (1974), in an attempt to model the relationship between the 

frequency of multiple-sojourn tours and tour length (i.e., number of 

sojourns), developed a harmonic series model. Statistical tests on the 

distribution of tours by number of sojourns failed to indicate any 

significant difference between the expected and observed distributions at 

the .05 level. In addition, Vidakovic (1977) also developed models of 

the relationships between tour length and the number of different 

activities canbined on a given tour, the mixture of travel modes on a 

given tour and the distance traveled between activities. More important 

than the actual results are Vidakovic's recognition of the 

interrelationships that exist between individual's time-space decisions 

and his initial attempts to develop a methodological framework capable of 

analyzing all decisions as an integrated whole. 

Westelius (1973) distinguished between activities that are fixed in 

time and space (e.g., work, school) and activities that are substitutable 

(i.e., activities that can occur at various times and locations) and with 

this dichotomy placed individual travel behavior into a "needs 

accumulation" context. The fundamental tenet of this approach is that 
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individuals accumulate a desire (or need) to travel over time and travel 

does not take place until the need surpasses some minimum "threshold." 

Within this framework, multiple-sojourn tours occur as a result of one of 

two situations: 

(1) multiple travel needs exceeding the corresponding need 

thresholds at exactly the same time, or 

(2) one travel need exceeding the need threshold, causing a trip to 

be made and then other thresholds being lowered below the 

current levels of need as a result of the original trip. 

The individual need variables (although quite possibly related to the 

socioeconomic characteristics of the individual and/or household) were 

estimated heuristically with the aid of an iterative procedure. An 

initial set of values was specified for the need variables and input to 

the simulation model. Upon completion of the simulation, a comparison 

was made between the simulated and observed multiple-sojourn tours and 

the parameters were then adjusted prior to the next simulation. Results 

of the simulation showed that as the distance between the individual's 

home and the nearest retail center increases so does the mean number of 

sojourns per tour and the proportion of sojourns at substitutable 

activity locations made in connection with fixed activities. The 

substitutable activity locations visited in tours involving fixed 

activities are in close proximity to the fixed activity locations, 

indicating the effect that relative location has on destination choice. 

Almost all of the previous simulation models have been constructed 

under the general assumption of non-optimal behavior on the part of the 
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individual. One notable exception to this is the optimization model 

developed by Kobayashi (1976). Created as a mathematical extension of 

the theoretical framework advanced by Chapin, 2 this model helped to 

re 1 ate the II latent mechanism" of tr ave 1 patterns to the tr ave 1 

environment (as characterized by the transportation and activity 

systems). More specifically, SP.rial queues were used to represent the 

transportation and activity systems and the maximum number of trips 

attainable by an individual in a given time period was estimated as a 

function of the amount of time required for travel and activity 

participation. A cost-effectiveness function was also developed based on 

both the maximum number of attainable trips and simple benefit-cost 

ratios for each individual trip. 3 The optimal travel pattern was then 

determined by maximizing the cost-effectiveness function subject to the 

constraint of total available time. Although the model was not tested on 

any real data, several hypothetical case studies were used to conduct a 

preliminary investigation of the model validity and, in general, the 

model produced realistic results. 

Bentley, et al. (1977} acknowledged the multitude of factors that 

influence individual travel behavior and, as a result of the complexity 

2 Chapin's activity framework viewed trip motivation as ar1s1ng from two 
sets of needs--fundamental and supplemental. An urban activity was 
defined as an interaction between human behavior and the environment 
and was seen as an evolutionary process of motivation-choice-activity 
in which both fundamental and supplemental needs are optimized (Chapin, 
1968). 

3 The benefit per unit time of an activity was not defined but instead it 
was assumed to be linearly proportional to the activity duration. 
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at the disaggregate level, chose to model the distribution of return 

trips to home by stage in the tour. The two parameters of the 

distribution were estimated by comparing the observed distribution with 

the expected distribution and minimizing the chi-squared statistic. 

Although the authors offer possible behavioral interpretations of the 
4 parameters, in actuality, they represent nothing more than the 11 best 

fitting 11 aggregate distribution of the observed number of 

multiple-sojourn tours. The authors do, however, present some supportive 

evidence that an analysis of tour continuation is a more appropriate 

analysis framework for urban travel behavior than an analysis of 

individual trips. Another attempt at modeling aggregate behavior was 

made by Burnett (1977). Using the widely acknowledged concept of 

distance decay (both with respect to information and destination usage) 

as a basis, Burnett hypothesized that the spatial distribution of the 

origins of all users of a specific destination could be described by a 

circular normal probability density function. Despite individuals' 

increasing levels of information over time, it was also hypothesized that 

the total amount of information obtained by individuals during a given 

time period would always decline with distance from the destination 

(i.e., circular normal probability density functions can be "fit" to data 

obtained over successive time periods, however, the parameters of the 

4 The first parameter was seen as a measure of the proportion of initial 
trips that have the 11 potential to continue forward 11 (i.e., the 
potential to be linked with at least one additional trip in the same 
tour) while the second was interpreted as the proportion of the trips 
with the potential to continue that are actually continued forward to 
the next stage. 
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distributions will vary with time). Goodness-of-fit tests showed that 

there were no statistically significant differences between the observed 

and estimated distributions, thus lending support not only to the 

original hypothesis but also to the further development of dynamic models 

of destination choice. 

4. Spatial-Temporal Constraints 

While all of the works cited previously recognize the complex nature 

of individual movement, it was the pioneering work of Hagerstrand and his 

University of Lund colleages that first provided a comprehensive and 

unified paradigm for the analysis of complex travel behavior. In his 

approach to understanding human behavior, an individual's choice of a 

specific activity 11 pattern 11 is viewed as being the solution to an 

allocation problem in which the individual is simultaneously allocating 

limited resources of time and space to achieve some higher 11 quality of 

life. 11 Hagerstrand approaches the problem of understanding individual 

behavior by analyzing the constraints imposed on an individual to 

determine how they limit possible behavior alternatives. This view from 

11 outside 11 represents a break from the more traditional "inside" 

viewpoint, in which individual behavior is described via observed 

actions. The constraints defined by Hagerstrand can be classified into 

one of three categories: capability, coupling or authority. Capability 

constraints are present due to the physical and physiological needs of 

the individual. Authority constraints manifest themselves whenever an 

individual is required to fulfill some obligation before participating in 
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a particular action. Coupling constraints refer to items such as 

transportation technology, locational pattern of facilities and operating 

policies, which interact to determine where, when and how long an 

individual undertakes an activity. 

The means of illustration utilized by Hagerstrand was that of the 

three-dimensional space-time model, in which geographical space is 

represented by a two-dimensional plane and time is defined on the 

remaining, vertical, axis. The use of this representation allows 

definition of an individual's activity pattern in terms of a 11 path 11 

through time and space. The location of activity sites, or "stations," 

together with the maximum speed an individual can travel in a given 

direction establishes the individuals 1 s space-time 11 prism. 11 The area (or 

volume) inside this prism represents the full range of possible locations 

at which an individual can participate (i.e. his/her physical 11 reach 11
) or 

conversely, the outside depicts the entire set of locations that are 

inaccessible at any time. Once an individual travels to a specific 

location inside his/her 11 pri sm, 11 the potential action space that remains 

for any subsequent activities will be reduced in size depending on the 

activity duration; hence, at no time is the individual able to visit the 

entire set of locations contained in the prism. In addition, the 

delineation of the reachable activity area is highly dependent on the 

mode of travel used because of the variation in travel speed across the 

different modes. Although this emphasis on potential rather than actual 

alternatives does not reveal explicitly the intrinsic character of the 

individual 1 s choice mechanism, it does promote an understanding of the 
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manner in which various types of constraints operate to restrict choice. 

Using these theoretical constructs, traditional atemporal home-based 

measures of accessibility can be replaced with measures that reflect the 

individual's accessibility with respect to current location in both time 

and space. Consequently, an individual's accessibility to opportunities 

may, for example, be different if he/she is at work at 4:00 p.m. instead 

of at home at 12:00 p.m. 

A host of other researchers have attempted to expand and refine the 

original theoretical foundation built by Hagerstrand. Cullen and Godson 

(1975) viewed individual's lives as "containing highly organized episodes 

which give structure and pattern to the whole stream of behavior" and 

outlined a set of propositions which served as the basic framework for 

the analysis of the individual's activity/time /space decision process. 

The propositions focused on relationships between individual priorities, 

levels of activity commitment, flexibility of activities, number of 

participants and activity sequencing; it was felt that these "subjective" 

dimensions give rise to the highly organized episodes that act as "pegs" 

in the individual's scheduling process. A variety of statistical 

techniques (e.g. discriminant analysis, factor analysis, time series 

analysis, etc.) were used to investigate the validity of the proposed 

relationships and the following general conclusions were reached: 

(1) Despite the lack of any direct constraints on sleeping, waking 

and eating, individuals tend to adhere to fairly rigid daily 

cycles for these activities. 

(2) Work activities, routine non-work activities and activities 

arranged with other people are the most rigidly constrained in 
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time and space and are also assigned the highest priorities by 

individuals. Consequently, these activities are the most 

important 11 structuring 11 episodes in the individual 1 s day. 

(3) Activities constrained in space are more common than those 

constrained in time, but the temporal constraint is a much 

stronger 11 structuring 11 influence than the spatial constraint. 

Stephens (1975} also postulated that the "level of activity commitment" 

is a crucial detenninant of the individual 1 s activity sequence in 

time-space and defined 11 level of commitment" in terms of an individual's 

perception regarding the degree to which an activity could be carried out 

at different locations and times. Using this definition, he constructed 

an activity flexibility measure which ranged from unexpected and 

unplanned to prearranged and routine. These subjective measures were 

combined with objective constraints imposed by the individual's 

environment and hypotheses concerning individual's space-time behavior 

were tested via simulation. Probability distributions (frequency of 

activity occurrence and duration by constraint, location, linkage and 

distance) were constructed as approximations of activity pattern 

structure and using the 11 level of commitment" to determine the most fixed 

activity (or 11 peg 11
), a Monte Carlo procedure was employed to select 

activities, locations and durations which could be 11 fit" into a sequence 

centered around the peg. The simulation predicted the activity sequences 

in the neighborhood of fixed activities reasonably well, but was unable 

to reproduce those sequences involving activities of low commitment 

(i.e., high flexibility). 
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Tomlinson et al. (1973) utilized an aggregate approach in their 

simulation of complex travel behavior. Instead of focusing on the 

individual, they chose to model the distribution of individuals 

(students) in different activities and locations throughout the day. 

Prior to the construction of the model, two basic assumptions were made 

regarding the aggregate behavior of the individuals. First, it was 

assumed that the amount of time spent in various activities (i.e. the 

time budget) remains constant for a particular socioeconomic group 

although it was allowed to vary across different groups. Second, it was 

assumed that the behavior of individuals is subject to a number of 

spatial and temporal constraints that determine the times and/or 

locations of activities. With these two assumptions, the problem of 

modeling complex travel behavior was seen as a problem of determining the 

most probable distribution of individuals over activities in time and 

space subject to the constraints that: (1) the proportion of time spent 

in different activities by the population groups must equal the observed 

time budgets and (2) activity availability restrictions cannot be 

violated. This distribution was obtained with the aid of a simulation 

model that incorporated both the theory of entropy maximation (used to 

generate the number of individuals engaged in a particular activity at a 

particular time) and the theory of distance decay (used to allocate the 

individuals to various activity locations). Although no attempt was made 

within the framework of the model to identify the sequence of activity 

and locational choices made by an individual, it was possible to examine 

the sensitivity of flows of people to various spatial and temporal 
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distributions of activities and different levels of activity fixity. In 

general, the simulated distributions were reasonably close to those 

actually observed; however, additional improvements could be made by: 

(1) removing the assumption that the distribution of individuals to 

activities at each time period is independent of preceeding 

distributions, (2) including additional factors in the submodel that 

distributes individuals to locations and (3) incorporating group time 

preferences with respect to activity participation. 

Lenntorp (1976) also extended Hagerstrand's approach by developing a 

model that calculated the total number of space-time paths an individual 

could follow given a specific activity program (i.e., a set of desired 

activities and durations) and the urban ''environment" (as defined by the 

transportation network and the spatial/temporal distribution of 

activities). Lenntorp's PESASP (Program Evaluating the Set of 

Alternative Sample Paths) model is especially noteworthy since it 

represented the first attempt to operationalize the theoretical framework 

advanced by Hagerstrand in a manner that would allow meaningful policy 

evaluation. One policy-oriented application of the model involved a 

sample of individuals from the city of Karlstad, Sweden (Lenntorp, 

1976b). A set of feasible space-time paths was generated for each member 

of the sample under existing conditions and then compared to alternative 

sets of paths obtained by changing various public transit service 

characteristics (e.g., service frequency, travel speed, route 

configuration, etc.), repeating the simulation. Although Lenntorp's 

model yielded information about the effect of service changes on an 
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individual's range of potential actions, it was unable to provide any 

information on the individual's most probable responses to the changes. 

This inability to predict individual reaction to change illustrates the 

major disadvantage of the model--a lack of any behavioral foundation. 

Despite this emphasis on potential rather than actual alternatives, 

Lenntorp's approach does offer an understanding of how spatial and 

temporal constraints interact to restrict individual choice. 

Constraints on individual behavior were also investigated by Burns 

(1978) through a methodological study of accessibility. In this study, 

Burns viewed accessibility as the freedom of individuals to participate 

in different activities and, with the aid of the space-time 11 prism 11 

('hhich served as a diagranmatic representation of accessibility), 

investigated the dependence of accessibility on its transportation, 

temporal and spatial components. In addition, accessibility benefit 

measures were constructed based on different assumptions about how 

individuals value the opportunities available to them. These were used 

to analyze and compare the accessibility implications of a variety of 

transportation, temporal and spatial strategies. Two important results 

were obtained from this study: 

(1) To produce equivalent marginal accessibility benefits, the 

percentage change in the individual's travel speed must be 

greater than that associated with the amount of time between 

fixed activities, and 

(2) the less constrained an individual's freedom in space and time, 

the greater the attractiveness of a strategy that relaxes the 



time constraints confronted to a strategy that increases the 

speed of travel. 
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Based on these results, Burns concluded that temporal strategies (i.e., 

those strategies that relax the time constraints of individuals) have the 

potential to provide substantially greater increases in accessibility 

than velocity strategies. 

The concept of space-time constraints and their effect on an 

individual 1 s freedom of choice was also considered by Landau et al. 

(1980) in their study of shopping destination choice modeling. 

Recognizing that shopping activities are not performed in isolation from 

other activities, they developed a model to calculate the maximum amount 

of time an individual could spend at a retail establishment based on the 

following set of constraints: (1) the obligatory activities (i.e., work 

or school) contained in the individual's activity program, (2) the 

spatial distribution of retail establishments, (3) the temporal 

distribution of retail establishments and (4) the transportation system. 

Any stores that could not be reached by an individual were eliminated 

fr001 the choice set. A demonstration of the model showed that the 

inclusion of spatial/temporal constraints in the destination choice set 

specification process yields improvements in destination choice 

prediction accuracy and facilitates the evaluation of temporal strategies 

(i.e., those strategies aimed at increasing the amount of time available 

to individuals for shopping). More important was the incorporation of 

activity program constraints into measures of individual accessibility. 

Results indicated that the accessibility of certain population sub-groups 
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(i.e., workers, students) to shopping destinations is much lower than the 

accessibility of other groups as a result of the additional constraints 

imposed on them by obligatory activities (e.g. work or school). Finally, 

although the current model deals only with shopping activities, the 

methodological framework is flexible enough to permit extensions to other 

t . ·t· 5 ac 1v1 ,es. 

In acknowledgement that spatial/temporal constraints exert influence 

across many dimensions (not just destination choice), Landau et al (1981) 

also developed a trip generation model system that was sensitive to these 

constraints. Based on the assumption that household generation results 

from a two-stage, sequential decision process, the following models were 

developed: 

(1) a household trip purpose (HTP) model that estimated the 

probability of a household making a trip for a particular 

purpose, and 

(2) a household travel time period (HTTP) model that estimated the 

conditional probability that a trip for a particular purpose 

would be executed at a particular time period. 

Since the latter model estimated only the probability of any 

household member executing a trip for a specific purpose at a particular 

One possible extension discussed by the authors involved a sequential 
procedure. It was assumed that activities could be classified 
according to priority (primary, secondary, tertiary, etc.) and the 
choice set for the primary activity would be constructed as 
previously. The specific choice of the primary activity would then 
impose additional constraints on the set of potential locations for the 
secondary activity. The location of the secondary activity would then 
be predicted, taking these new constraints into account. 
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time, an alternate model that estimated the probability of a specific 

household member executing a trip (HMTTP model) was also developed. The 

activities executed by households (i.e., the reasons for travel) were 

classified into three groups (subsistence, maintenance and leisure) based 

on their degree of temporal flexibility and separate models were 

estimated for maintenance and leisure activities. 6 Results of the 

estimations showed that: 

(1) the explanatory power of temporal constraints was more 

significant in the HMTTP model than in the HTTP model, 

(2) temporal constraints were only significant in the models of 

leisure trips, and 

(3) there was a significant influence on the HMTTP model due to the 

interaction variables (i.e., those variables which represented 

the activities of other household memebers). 

Based on these results, the following behavioral implications were 

advanced by the authors: 

(1) The individual, not the household, is the appropriate behavioral 

unit, 

(2) maintenance trips, due to their essential nature, are usually 

performed at regular intervals and, once this interval is 

decided, the household will perform these trips regardless of 

any temporal constraints imposed on it, and 

(3) an individual's decision to travel during a specific time period 

is influenced by both the amount of time available in different 

No models were estimated for subsistence activities since they were 
assumed to occur on a daily basis at fixed locations and times. 
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periods throughout the day and the activities performed by other 

household members. 

Another study involving spatio-temporal constraints focused on the 

feasibility of various ridesharing strategies. Davis, et al. (1981), 

hypothesized the existence of a high potential for ridesharing (as a 

result of the inherent flexibility contained in individuals' activity 

patterns) and developed a methodology to investigate this potential. 

Various scenarios were constructed based on different assumptions about 

auto availability, fuel availability, the number of individuals per 

vehicle and the hours of operation of the ridesharing program. These 

assumptions were input to a simulation model to obtain estimates of the 

number of individuals who could utilize a ridesharing program. Although 

a simple maximum route deviation constraint was the only criterion used 

in the determination of whether or not an individual could utilize a 

ridesharing program, the examination of ridesharing for both work and 

non-work travel is significant. 

5. Utility Maximization 

Another sizeable collection of complex travel behavior research 

efforts can be categorized as multivariate in scope. Borrowing heavily 

from the fields of operations research and econometrics, researchers have 

employed various methodologies, such as utility maximization, to develop 

models that explain how a set of "causal factors" affect individual 

behavior. A major emphasis of these models is the mathematical 

representation of the actual decision making process undertaken by the 
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individual when evaluating alternative courses of action. Upon 

completion of the estimation of these models, many authors investigated 

the impacts of changes in the transportation system, the activity system 

and the household. 

In his thesis, Bain (1976) focused on activity duration (plus 

associated travel time) as the dependent variable and used the 

theoretical econometric approach of Tobin7 to model the individual's 

two-fold choice of whether or not to participate and for how long. 

Although Bain included a variable "in-home activity supply" to account 

for the individual's trade-off between staying at home and traveling to 

non-home activities, he failed to account for the interdependence between 

activity durations and therefore was unable to explain particular 

activity sequences. Despite this shortcoming, Bain's work provided a 

foundation for subsequent research efforts. Jacobson (1978) extended the 

work of Bain with his investigation of the "simultaneity in 

intrahousehold task sharing." A simultaneous equation model was 

estimated and compared to single equation models for both the household 

head and spouse to test explicitly the hypothesis concerning joint 

allocation of activity time. Empirical results illustrated the need for 

additional research in the development of a behavioral theory that 

11 recognizes the sub st itutabil ity and complementarity of the househo 1 d 

heads' activity time." 

7 Tobin, James (1958). "Estimation for Relationships for Limited 
Dependent Variables," Econometrica, Vol. 26, pp. 24-36. 
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Horowitz (1976) utilized an ordinary least squares regression model 

to examine hypotheses about the effects of auto travel time and operating 

costs on the frequency of non-work travel and the demand for 

multi-destination tours. Statistical tests revealed that only travel 

time had a significant effect on non-work auto travel frequency. In 

addition, reductions in travel frequency resulting from travel time 

increases were not compensated by increases in the average number of 

destinations visited per tour. Unfortunately, the hypothesis that 

increases in travel time cause reductions in trip length was not 

examined. In a second study, Horowitz (1978) developed a utility 

maximizing model for non-work travel demand that related tour frequency, 

sojourn frequency and destination choice to household characteristics, 

destination characteristics and transportation level of service. 

Horowitz hypothesized that households consider both post travel decisions 

and future travel plans when making current travel decisions due to 

limited travel resources (e.g., time, money, automobiles) and his 

incorporation of this concept into the model structure is significant. 

Model estimations showed that increases in household size and automobile 

ownership lead to increases in sojourn frequency. The average number of 

sojourns per tour was not, however, dependent on transportation level of 

service variables and this was due to the failure to include travel times 

and costs between non-work destinations in the model structure. In 

another study, Horowitz (1980) utilized a system of disaggregate travel 

demand models to estimate urban traveler responses to various gasoline 

allocation procedures. The allocation procedures considered were: 
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(1) allocation by traditional rationing, (2) allocation by white-market 

coupons and (3) allocation by price increase (i.e., allowing the price to 

rise to a market clearing level). A wide range of potential responses 

was examined, including changes in mode, destinations, travel frequency, 

multi-destination tours and the price of gasoline. The results showed 

that reductions in non-work trip frequencies and trip lengths were the 

main sources of gasoline savings, irrespective of allocation procedure. 

Reductions in travel were considerably larger for low-income households 

than for high-income households when price-based allocation methods were 

used, while the distribution of effects is reversed in the case of 

non-price-based methods of allocation. Multi-destination travel 

increased only in the case of traditional rationing but this may have 

been due, in part, to the independent estimation of the work and non-work 

travel demand models which precluded any estimations of the potential for 

combining work and non-work travel. Sensitivity tests were also 

perfonned due to the age of the data set (1968 Washington, D.C. Household 

Interview Survey) and the indications were that the qualitative 

characteristics of travelers' responses to gasoline shortages were not 

highly sensitive to moderate changes in the travel environment. 

Oster (1978a, 1978b) hypothesized that a principal incentive for 

visiting a non-work destination during a workplace-related trip (i.e., 

either a trip from home to work, a trip from work to home, or a tour that 

originates and terminates at the workplace) is to obtain a savings in the 

time and cost of travel, thereby lowering the total cost of the goods and 

services acquired via travel. Two alternate methods were used to obtain 
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estimates of these savings. The first method (the fixed destination 

assumption) assumed that the household would have made a separate single 

destination trip to to the same destination for the same purpose. This 

alternative represents the situation where the destination offers a 

highly specialized service (or product) of high value to the household 

and serves as an upper bound for the travel savings. The second method 

(the average destination assumption) assumed that a different destination 

would be visited for the same purpose via a single destination trip. 

This corresponds to the case where substitute services (or goods) are 

available at many locations in an urban area. Since the substitutability 

of activities varies across individuals and no information on this was 

available, the single destination trip used to visit this alternate 

destination was assumed to be equal to the average travel time and 

distance for all single destination trips made for the same purpose by 

households living in the same census tract. Results indicated that 

savings in travel resources on the order of 15% and 22% are obtained 

under the fixed and average destination assumptions. Oster also utilized 

ordinary least squares regression in an analysis of the relationships 

between the characteristics of household members and their use of 

workplace-related travel and found that the presence of a second worker 

in the household decreases the total number of non-work destinations 

visited but increases the number of non-work destinations visited via 

workplace-related travel. 

Lerman (1979) synthesized two different analysis methodologies, 

utility maximization and semi-Markov processes, to develop an 
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operational, stochastic simulation model of non-work travel behavior. In 

this approach, probability distributions of dwell time at home and 

non-home locations were used to determine the departure times of the 

trips and multinomial logit models were estimated to predict the 

individual 1s joint choice of mode and destination. 8 (The actual 

simulation process consisted of alternating applications of the two 

methodologies throughout the day.) A lack of available data resulted in 

only limited testing of the model system. However, several theoretical 

shortcomings can be identified. First, the individual 1 s choice of 

departure time was assumed to be independent of any spatial effects 

(e.g., transportation level of service) or travel history (e.g., number 

of activity locations previously visited). Second, it was assumed that 

individuals choose their next mode/destination combination only after 

canpletion of their current activity. This rather myopic type of 

behavior precludes factors such as relative location from exerting an 

influence on individuals' choices. Finally, no consideration was given 

to the determinants of activity sequencing and therefore it was unclear 

how individuals decide the order in which they perform activities. 

Most of the prior research, although recognizing the complicated 

nature of individual 1 s travel behavior, chose to simplify the problem by 

Lerman estimated two distributions of departure time from home (one for 
the first departure and one for all subsequent departures) in 
recognition of the fact that the observed distribution of first 
departures from home is significantly different from the distributions 
of succeeding departures. In addition, two multinomial logit models 
were estimated (a home based model and a non-home based model) so that 
home was only considered as a potential destination when the individual 
was at a non-home location. 
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either ignoring one or more dimensions of choice (e.g., mode, 

destination, departure time, tour length, etc.) or assuming independence 

among the various dimensions. One of the first attempts to model the 

full complexity of individual travel behavior (i.e., to explicitly 

incorporate the interdependent nature of the individual's choices) was 

made by Adler (1976). The basic underlying hypothesis of Adler's 

theoretical model is that households develop needs for non-home 

activities and make trade-offs between the desire to meet each need as it 

arises and the transportation expenditures required for travel. 

Households were assumed to choose a complete daily travel pattern based 

on its attractiveness (or utility) relative to other possible travel 

patterns. This attractiveness was expressed as a function of the 

attributes of the destinations selected for non-work activities, the 

total time spent performing non-home activities, the remaining household 

income after travel expenses and the households' socioeconomic 

characteristics. In addition, a variable--"scheduling convenience"--was 

developed to measure the "degree to which a travel pattern fits the 

schedule of household activities." Scheduling convenience was divided 

into two main components: (1) the allocation of household activities 

among activity sites (as measured by the total number of sojourns 

contained in the pattern) and (2) the allocation of sojourns among tours 

(as measured by the number of sojourns per tour). This latter component 

allowed Adler to incorporate explictly the households' trade-offs between 

single and multiple sojourn travel. The effects of a variety of 

transportation policies on an aggregate sample were predicted using an 
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empirical model (a multinomial legit model) developed in accordance with 

the theory and the forecasts indicated that the average number of 

sojourns per tour decreased from the base value for each of the policies 

tested. This resulted from either an increase in the number of tours (in 

the case of travel incentive policies) or a decrease in the number of 

sojourns (in the case of travel disincentive policies). For 

transit-oriented policies, shifts in the use of multiple-sojourn tours 

were not significant enough to result in major changes in the relative 

proportion of home and non-home based trip links. In the case of the 

auto-oriented policies, however, the number of non-home based links 

decreased at a substantially higher rate than home-based trip links. 

Although Adler's use of individual travel patt~rns as the primary unit of 

travel demand is significant, several questions were left unanswered: 

(1) How many alternative daily travel patterns does a household 

consider when making its decision? 

(2) How does the temporal distribution of activities affect 

"scheduling convenience"? 

(3) How does household interaction affect the choice of travel 

pattern? 

6. Fully Integrated Pattern Approaches 

The need to examine the entire collection of choices made by an 

individual was also recognized by Recker et al. (1980) in their empirical 

analysis of household activity patterns. In this study, an analysis 

framework was developed whereby the impacts of various transportation 
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policies on individual's current daily behavior (i.e., activity patterns) 

could be quantitatively assessed. Individual activity patterns were 

transformed using pattern recognition techniques (a Walsh-Hadamard9 

transformation) and the resulting pattern coefficients were cluster 

analyzed using a k-means clustering algorithm. The pattern centroids 

were then inverted using associated inversion formulae to produce 

representative activity patterns which depicted the mean response pattern 

of all the individuals associated with a particular group. These 

representative activity patterns can be thought of as distinct market 

segments, in which all the members of a specific segment exhibit similar 

travel/activity behavior (i.e., choice of activities, activity time 

allocations, sequencing of activities, etc.) Upon completion of the 

classification phase, multiple discriminant analysis was used to 

determine the relative influence of various household and urban form 

characteristics on the representative activity patterns. Results based 

on a sample of 665 individuals in Orange County, California showed that 

the activity patterns of the sample population could be classified into 

nine representative patterns. In addition, it was found that employment 

status, role in the household, residential housing density and employment 

density were the dimensions that best discriminated the representative 

patterns. To illustrate the advantage of activity pattern analysis over 

conventional trip-oriented methodologies with respect to policy impact 

estimation, various daily restrictions on total vehicle miles traveled 

9 Welchel, J.E. and D.F. Guinn (1968). "The Fast Fourier-Hadamard 
Transform and Its Use in Signal Representation and Classification, 11 

EASCON 1968 Record, pp. 561-573. 
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and gasoline purchases were imposed on the sample and tabulations of the 

total number of people unable to execute their observed activity patterns 

were performed. The effectiveness of trip-chaining in counteracting the 

travel restrictions was also assessed via simulation. In the first 

simulation, a "chained" activity pattern was constructed by: (1) 

removing intermediate trips to and from home and (2) linking successive 

non-home activities. This procedure was carried out subject to the 

following constraints: 

(1) The original non-home activity locations were fixed, and 

(2) The original temporal sequence of the non-home activities was 

fixed. 

The second simulation relaxed the constraint regarding original 

temporal sequence but imposed additional constraints on the timing of 

certain non-home activities. Results showed that a larger number of 

individuals were able to execute their activity pattern under travel 

restrictions by trip chaining and rearranging their activity sequence 

than simply by trip chaining. In addition, it was demonstrated that the 

impacts of travel restraint and the benefits of trip chaining and 

activity re-sequencing are not uniform across the population. 

A second attempt at identifying general categories of urban travel 

behavior and the salient characteristics that give rise to this behavior 

was undertaken by Pas (1981). Although the entire activity pattern was 

chosen as the basic analysis unit, the methodologies employed to classify 

the behavior were quite different from those of Recker et al. 

In the first step of the approach, Pas developed an index to measure 

the degree of similarity between pairs of activity patterns and used this 
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to construct a similarity matrix. This similarity matrix was then 

transformed, using the method of principal coordinates, IO into a set of 

coordinates in Euclidean space. Finally, Ward's clustering algorithm11 

was used to group those patterns that were closest to each other in the 

Euclidean space (i.e., those patterns that were most similar). In 

addition, an investigation into the relationships between various 

demographic variables (e.g., age, marital status, employment status) and 

the activity pattern types was performed with the aid of the likelihood 

ratio chi-squared statistic. The empirical results indicated that a 

population's activity/travel behavior could be grouped into a small 

number (6-12) of categories without a significant loss in information and 

that certain demographic characteristics such as sex and number of 

children under twelve years of age influence the group membership. These 

results are similar to those obtained by Recker et al. despite the use of 

two different sets of analysis techniques. 

Another research effort directed at developing an adequate framework 

for the analysis of canplex travel behavior was undertaken by Kitamura et 

al. (1980). Unlike the two studies mentioned previously that considered 

the quantification and categorization of entire patterns of human 

behavior, this study sought to develop a set of fundamental properties 

lo Gower, J.C. (1966). 11 Some Distance Properties of Latent Root and 
Vector Methods Used in Multivariate Analysis, 11 Biometrika, Vol. 53, 
pp. 325-338. 

11 Ward, Jr., J.H. (1963). 11Hierarchical Grouping to Optimize an 
Ojective Function, 11 Journal of American Statistics Association, Vol. 
58, No. 301, pp. 236-244. 
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concerning individual's spatio-temporal behavior (as depicted by various 

characteristics of their space-time paths). It was postulated that these 

properties, once empirically tested, would then serve as an appropriate 

foundation for the construction of a comprehensive theoretical 

framework. A simple stochastic-process model integrating the concepts of 

the space-time prism and the intervening opportunities approach to trip 

distribution was used to explore some of the basic relationships between 

tour size (i.e., number of sojourns), sojourn duration, sojourn location 

and time of day. Statistical tests resulted in the verification of the 

following set of spatio-temporal properties: 

(1) The probability of returning home (i.e., completing a tour) is 

an increasing function of both time and distance from home. 

(2) The average sojourn duration decreases as the number of sojourns 

in the tour increases. 

(3) The average trip length to sojourn locations decreases as the 

number of sojourns in the tour increases. 

(4) The number of tours performed by an individual increases with 

the number of available autos and the number of children in the 

household. 

There are several important behavioral implications associated with 

these spatio-temporal properties. First, the dependence of the spatial 

distribution of sojourn locations on the number of sojourns, the 

interrelationship between sojourn duration and the number of sojourns and 

the interrelationships between tour continuance, time of day and distance 

from home all imply that the time-homogeneity and history-independence 
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assumptions contained in the Markovian approach are inappropriate for the 

analysis of individual travel behavior. Second, the negative 

correlations between the number of sojourns and both the average sojourn 

duration and the average trip length suggest trade-offs between competing 

objectives--a feature that could be incorporated in a mathematical model 

of the individual decision process. Third, the strong correlation 

between the number of tours and the composition of the household (i.e., 

the number and ages of children in the household) indicates that the 

presence of children in the household place additional demands and 

constraints on the other family members which often results in a larger 

number of tours. This last hypothesis illustrates the need to include 

the effect of inter-personal household linkages in the theoretical 

framework. 

7. Activity-based Approaches 

Although it has been widely acknowledged that travel is a "derived 

demand," it is only recently that there has been a shift in research 

emphasis from trip-based analysis frameworks to activity-based analysis 

frameworks. A pioneer in the area of activity-based approaches to 

complex travel behavior has been the Transport Studies Unit (TSU) in 

Oxford, England. Using the information obtained via in-depth interviews, 

the researchers at TSU developed a theoretical framework that placed 

individual travel behavior within the context of household activity 

scheduling behavior. More specifically, individual travel patterns were 

seen as resulting from a complex household interaction process which 
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occurs as a consequence of both the interdependent nature of household 

members' activity schedules and the presence of environmental 

constraints. Jones (1977) and his TSU colleagues attempted to gain some 

insight regarding the household interaction process with the aid of their 

Household Activity Travel Simulator (HATS). This interactive gaming 

device involves the use of visual display equipment in an in-depth, group 

interview situation. Each household member is first asked to construct 

his/her current activity schedule by placing a series of different 

colored blocks on a time line that represented the twenty-four hour day. 

The length of each block is proportional to the duration of the activity 

which it represents and a separate color is used for each different 

activity type (including travel). After being informed of a specific 

policy change, the household members are then asked to rearrange their 

activity schedules. In addition to the information on the specific 

adaptations made by the individual household members (as provided by the 

"new" activity schedules), the interviewer is also able to obtain 

information about the actual household interaction process (e.g., 

priorities, preferences, etc.). Results from actual applications of HATS 

in West Oxfordshire (school hour revisions) and Basildon (alterations in 

bus service) indicate that the reallocation of activities among household 

members often takes place after changes are made in the transportation or 

activity system. Althogh this technique is extremely useful in small 

scale exploratory studies, it is clearly inappropriate for large scale 

studies involving a wide range of policy options. 

Several researchers have attempted to incorporate the TSU framework 

into mathematical models of activity scheduling behavior. Damm (1979) 
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chose to view activity scheduling behavior as a series of non-home 

activity participation decisions. Following the recommendations of Jones 

(1977) and Heggie (1977), 12 Damn divided the twenty-four hour day into 

five time periods: (1) the time prior to the trip to work, (2) the time 

during the trip from home to work, (3) the time at work, (4) the time 

during the trip from work to home and (5) the time after the trip to 

h001e. The individual was assumed to choose between participating or not 

participating in a non-home activity during each of the five time 

periods. A decision not to participate was seen as an implicit decision 

to maintain one's current location (during time periods 1, 3 and 5) or 

travel destination (during time periods 2 and 4). It was also assumed 

that the individual's choice regarding length of participation in 

non-home activities was conditional on his/her choice of whether or not 

to participate and therefore a separate model was estimated for activity 

duration. Embodied in this framework is a recognition that certain 

in-home activities are discretionary in nature and therefore, compete 

with out-of-home activites for a "place" in the individual's activity 

schedule. This competition was incorporated in the model with the 

introduction of a variable representing the time allocated to 

discretionary activities in time periods other than that being 

evaluated. Estimation of the models revealed that the variable, "time 

spent in other periods," was significant (i.e., interrelationships exist 

12 Both Jones and Heggie agree that the twenty-four hour day should not 
be treated as a continuous block of time but instead should be divided 
into a progression of discrete time periods to better understand the 
interdependence of an individual's time/space decisions. 



38 

among the various temporal and spatial decisions made by an individual 

throughout the day) although its effect was not uniform across all time 

periods (i.e., certain time periods are planned more separately than 

others). The effects of socioeconomic variables were also not uniform 

across the time periods as individuals were influenced more by household 

characteristics in time periods involving the home (periods 1 and 5) than 

those involving the work site (periods 2, 3 and 4). Two variables that 

served as surrogate measures of the effect of household competition for 

automobiles (i.e., workers per auto in period 1 and auto accessibility 

for non-workers in periods 2, 3 and 4) also proved significant, 

indicating the interdependence that exists among individual household 

members. In spite of the compromises made during the construction of 

various proxy variables, Damn•s efforts have provided much insight not 

only into the relative influence of various factors but also into the 

interrelationships among these factors. Several issues, however, were 

not addressed in the methodology, including: 

(1) How can the choices of mode and destination be integrated into 

the model framework? 

(2) How does an individual decide on a particular non-home activity 

sequence during a given time period? 

(3) What are the time periods associated with non-working 

individuals? 

Van der Hoorn (1981) also modeled individual travel behavior as a 

subset of the total activity pattern using a disaggregate 

model/simulation system. Multinomial logit models, developed for both 
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the choice of activity and location, were incorporated in a simulation 

system that generated the individual's activity pattern. The simulation 

system was similar to the one developed by Tomlinson et al. (1973), with 

the exception that the fixed ''apriori probabilities" used by Tomlinson et 

al. were replaced by those estimated from the logit models. Since the 

simulation system addressed aggregate behavior, the logit models were 

aggregated using a three-stage process. First, the population was 

classified into 21 subgroups based on car ownership and urbanization 

levels. Second, the average values of the explanatory variables were 

calculated and included in the logit models. Third, the average subgroup 

choice probabilities generated in the second step were weighted by the 

proportion of the subgroup contained in the total population to yield 

total aggreage shares. Although Van der Hoorn's model, like that 

developed earlier by Damn, explicitly accounts for the trade-offs between 

staying at home and traveling to non-home destinations, only two non-home 

locations (in town and outside town) were included in the model. In 

addition, mean travel times were employed in the model under the 

assumption that they were representative of the travel by any individual 

in a particular subgroup. Finally, all locations with travel times 

greater than their corresponding durations were eliminated from the 

individual's choice set, which resulted in the exclusion of several 

observed choices. 

In general, much of the recent research has provided insight into the 

degree of choice available to individuals (or households) when making 

their decisions. Unfortunately, almost all of the research also suffers 
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from the same limitation--an inability to provide any information on the 

specific set of alternatives (i.e., the choice set) considered by an 

individual during the decision process. Although many authors have 

speculated that the number of alternatives actually considered by an 

individual is much less than the total number of potential alternatives, 

they have as yet been unable to systematically incorporate this premise 

into a theoretical framework. An exception to this is the work of Clarke 

and Dix (1980). As a preliminary step in the development of a 

mathematical model of choice set formulation, a combinatorial algorithm 

(CARLA13 ) was used to generate all the feasible permutations of a given 

set of activities (i.e., alternative activity schedules). In recognition 

of the need to maximize computational efficiency, constraints on the 

timing of activities were introduced into the model prior to the 

generation of the permutations. These constraints consist of two basic 

types: 

(1) supply side constraints (e.g., stores are only open during 

certain hours) and 

(2) institutional constraints (e.g., meal times can only be shifted 

by 45 minutes either way). 

The input required by the model included a list of the activities to be 

scheduled, their corresponding durations, and the temporal constraints. 

The output of the model consisted of all the 11 feasible 11 permutations of 

the activities (i.e., all those permutations that did not violate the 

13 Combinatorial Algorithm for Rescheduling Lists of Activities 
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constraints). Activity data obtained from a study of school hours 

changes in Burford, England (both "before" and "after" data) was used to 

test the model and the results showed that in 65% of the cases, the 

chosen activity schedule was generated as one of the alternatives in the 

choice set. Although the authors point to the need for further 

development of the model (e.g., the incorporation of inter-personal 

linkages, destination choice, changes in activities), preliminary results 

have demonstrated the feasibility of using a combinatorial approach to 

the choice set problem. 

8. Research Directions 

Despite the myriad of behavioral hypotheses presented throughout this 

review, it has been possible to identify three basic concepts which hold 

particular promise for the development of a comprehensive theory of 

canplex travel behavior. The first of these concepts involves the role 

of travel in individual daily life. It has become widely acknowledged 

that the demand for travel is derived from the need to participate in 

various activities at specific locations and, therefore, individuals' 

travel choices should be viewed as arising from a more fundamental set of 

activity participation choices. The second concept concerns the 

environment in which activity participation decisions are made. Choices 

regarding activity participation are not unlimited, but are instead 

subject to a variety of constraints such as the spatial/temporal 

distribution of activity locations, the spatial/temporal obligations of 

the individual (e.g., the need for employed individuals to spend a fixed 
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amount of time at a fixed location), and the transportation modes 

available for use by the individual. Much of the prior research that has 

focused exclusively on observed choice has been unable to explain the 

more 11 complex 11 aspects of travel behavior (e.g., trip chaining) due to an 

inability to distinguish between those choices that are available to an 

individual and those that are not. An explicit recognition of the manner 

by which various constraints act to limit the choices available to an 

individual will not only eliminate infeasible courses of action from 

consideration but also allow a much wider range of policies (e.g., 

flextime, changes in the operating hours of service facilities, 

ridesharing) to be analyzed. A third concept (and one that is closely 

associated with the second) relates to the interdependent nature of 

individual's activity participation decisions. At any point in time, an 

individual's current decision is influenced both by previous actions as 

well as by future intentions, and all of these are influenced by the 

decisions of other household members. These interdependencies result 

from: 

(1) Individuals can only be at one location at any given time. 

(2) Individuals can only change their location by consuming time 

(and this is a limited quantity). 

(3) Different activity locations are not available at all times and 

at all locations. 

(4) Certain activities require the participation of more than one 

individual (household member). 

As a result of these interdependencies, there exists a need to analyze 

the entire set of individual activity participation decisions as a whole, 
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others. 
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In addition to identifying several concepts that should serve as the 

basic foundation for the development of a comprehensive theoretical 

framework, the review of the literature has also revealed several "key" 

issues that must be addressed during the operationalization of the 

theoretical framework: 

(1) choice set specification 

(2) household interaction 

(3) trade-offs among competing objectives 

Although spatial/temporal constraints help to delineate the set of 

potential alternatives available to the individual (i.e., the opportunity 

set) they fail to identify those alternatives actually considered by the 

individual (i.e., the choice set) when making his/her decision. Many 

authors have speculated that the choice set is much smaller than the 

opportunity set as a result of the individual's lack of complete 

knowledge and his/her limited ability to process information and make 

decisions. However, this concept has not yet been incorporated in any 

mathematical model. Another concept that has not yet been incorporated 

explicitly into a mathematical model of complex travel behavior involves 

household interaction. Previous investigations into the effects of 

household interaction on individual travel behavior have been limited to 

statistical analyses of several variables (e.g., number of workers per 

household, number of children per household, number of automobiles per 

household, etc.) which serve as proxies for the actual set of 
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interactions among household members and, therefore, have been unable to 

provide any information about how changes in the daily behavior of one 

individual affects the other members of the same household. Finally, 

although many researchers have indicated that individual's activity 

participation decisions are suboptimal as a result of trade-offs among 

canpeting objectives (e.g., the trade-off between in-home and non-home 

activity time), most mathematical models contain only one objective 

(e.g., utility maximization) and therefore, assume strict optimizing 

behavior on the part of the individual. Consequently, there is a need to 

employ a methodology that recognizes explicitly the existence of a 

multiplicity of conflicting objectives and provides information 

concerning the individual's resolution of these conflicts. 
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APPENDIX 

LITERATURE TAXONOMY 





AUTHOR(5) (UATE) 

Adler, Thomas J. and 
r.osne E. Ben-Ak 1 va 
(1979) 

Jen-AK i va. Moshe E •• 
Len Snerrnan and 
Srian ~ullman (1978) 

r:Se11tlc?y, 1Jlll1a11. 
,-dex uruce an<l 
uavta aunes i i977) 

ournett., /... Patricia 
( ,~lo) 

MAJOR THEME 

Trip Chaining 

Non-Home Based 
Travel 

Intra-urban 
Journeys and 
Activity Linkages 

Oeve 1 opment of 
Oynami c Mode 1 s of 
Tr ave 1 oehavi or 
and Traveller 
Origins 

UNDERLY I NG THEORY /HYPOTHESES 

Travel arises frOl!I a household 
choice process in which the 
alternatives that are considered 
are complete daily travel patterns 

Trip makers at non-home locations 
are faced with the choice of 
returning home or traveling to 
another non-home location. If a 
traveler chooses the latter, he/ 
she must then decide between 
alternative destinations, 

No underlying theory was presented. 
The purpose of the study was to 
provide information on the n1J11ber 
of journeys made in a week, the 
activities undertaken on each day 
and the activity linkages that 
occur within journeys. 

Spatial form (as observed in the 
point patterns of the origins of 
travelers to a destination) is 
related to spatial processes (as 
characterized by the individual •s 
process of learning about 
destinations and his/her changing 
use of them). 

Al 

PR INC IP AL METHODOLOGY 

Utility maximization with a 
multinomial logit model 

Utility maximization with a 
joint choice logit model 

A frequency dis tri but ion of 
return trips to home by sta9e 
of journey is estimated. The 
parameters of the distribution ~re chosen so as to minimize 

A circular normal probability 
density function is estimated 
for the distribution of 
traveller origin points about 
a destination. 
A linear learnino model is 
estimated for the proba~i lity 
of selecting a destination 
during the next time period. 

MAJOR ASSUMPTIONS 

The ut 111 ty to a househo 1 d from a given 
travel pattern 1s a function of net non-hOIIII! 
activity duration, remaining income after 
travel e)(l)enses, attributes of the activity 
sites, socioeconomic characteristics and 
scheduling convenience. The household's 
choice set is a random subset of the travel 
patterns of a 11 surveyed househo 1 ds in the 
same traffic district. 

Each traveler's decision is independent of 
any previous decisions. 
Separate models are estimated for auto anrl 
transit trips (i.e., mode choice is not 
included with the other choices) 

~one 

The population surrounding the destination of 
even density and the· Individuals ,t each 
distance are identical. There are no biases 
in accessibility. 

The lenoth of time before an individual 
chooses a oarticular destination is 
determined by: ( l) the probability of an 
individual having an initial contact with 
the destination on his/her first trip, 
(2) the nature of his/her learnina 
experience during succeeding trios for the 
activity, and its feedback effects on the 
initial destination choice probability. 



DATA SOURCES 

1968 Washington, O.C. 
Household Interview 
Survey 

196& Metropolitan 
Transportation 
Conmlsston Household 
Interview Survey 

1969 •atford, England 
Travel Diaries 
(one week) 

1968-1972 Austin, 
Texas Savings and 
Loan Branch Customers 

1971 Uppsala, Sweden 
Travel Diaries 
(five weeks) 

SAMPLE 

1003 househo 1 ds 

11,249 individual 
trips 

1672 Individuals 

3033 trtp origins 

lndi vi dua 1 trip 
sequences 

POLICY SENSITIV !TY 

Gasoline price, transit in-vehicle 
time, transit-out-of-vehicle time 
transit fares ( including free 
transit), limitation on daily non
work auto vehicle miles traveled. 

None 

None 

None 

None 

PR !MARY RES UL TS/CONCLUSIONS 

Households travel pattern decisions should 
lie modeled as interdependent choices. The 
use of multiple-sojourn tours for non-work 
travel is affected by transportation service 
levels. 
The degree to which a given travel pattern 
meets the substance and the temporal location 
of a household's needs and the expenditures 
required for satisfying those needs 
constitute the travel pattern's utility. 

The non-home based models are sensitive to 
transportation level of service and 
destination (zone) attractiveness. The models 
could be improved by further disaggregation of 
purpose, Inclusion of mode choice and time of 
day, 

Some evidence ls presented for the viewpoint 
that analysis of journey continuation is more 
appropriate for studying urban travel patterns 
than is analysis of Individual trips. 

Individual decision mechanisms during learning 
produce changing destination choice 
probabilities over time which are ignored in 
current static models. 

Future research 1s needed to deve 1 op a 
learning process that explains the changing 
point patterns of user origins around multiple 
destinations. The linear learning model fails 
to explain the behavior of those individuals 
who do not display increasing patronage of a 
destination for an activity. 
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AUTHOR(S) (DATE) 

Burnett, K. Patricia 
( 1978) 

aurns. Lawrence D. 
( 1979) 

Cullen, Ian and Vida 
uodson ( 1975) 

MAJOR THEME UNOERL YING THEORY /HYPOTHESES PRINCIPAL METHODOLOGY 

Indlv1 dua 1 Movement Urban tr ave 1 1 s an • adapt Ive• First-order Markov Process 
Within Urban process In which decision makers 
Spat la 1 Structures search out and 1 earn dest1 natl ons 

for different activities. 
Decision maker's next choice of 
destination Is Influenced only by 
the last. 

Access1b1llty 1s viewed as the The implications of various 
freedan of individuals to partic1• transportation, tempera! and 

MAJOR ASSUMPTIONS 

"Place loyal" assllllptlon--one place Is 
habitually used by each decision maker for 
any activity 
"Last place loyal" ass1111ptlon--ind1vlduals 
tend to visit their last destination for an 
activity but fluctuate between alternatives 
over time. 

Transportat 1 on, 
Tempora I and 
Spatial Canponents 
of Access ibil 1ty 

pate In different activities. spatial strategies are examined 

Individuals value their ability to reach 
locations relative to the activities avail
able at these locations and the amount of 
time they spend there. 

The Structure of 
Activity Patterns 

The primary focus is on constraints In the context of a diagram• 
which limit this freedan and on mat1ca1 representation of 
strategies that relax these hllllan activity that captures 
constraints. The constraints that the spatial and tempora 1 
exist are Incorporated 1n the characteristics of behavioral 
transportation, temporal and constraints. Accessibility 
spatial canponents of measures are constructed based 
accessibility. on different assllllpt1ons to 

analytically analyze and 
canpare implications of 
different strategies. 

No underlying theory was presented OLS Regression 
but instead propositions concerning Factor analysis 
priorities, constraints, spatial Discriminant analysis 
and temporal flexibility of Time series generation 
activities and scheduling were Transition probab1lity analysis 
Introduced as a broad framework 
within which the aspects of 
1 ndfvi dual' s act1 v1ty patterns 
were examined. 
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The results of various strategies are 
compared with respect to their effect on the 
space-time autonomy represented by a single 
space-time prism. 

Individual behavior is seen as containing 
highly organized eplsOdes which give 

· structure and pattern to the whole stream of 
behavior. The Issues of opt1m1z1ng, or 
sat1sf1cing, rational, boundedly rational or 
irrational behavior are sidestepped by the 
assllllpt1on that behavior varies in the extent 
to which it is any of these things at 
different times of the day and in different 
sequences of events. 



DATA SOURCES 

l 97l Uppsa la, Sweden 
Tr ave I 01 aries 
(five we~ks) 

None 

1974 Bedford College, 
London Tr ave I O iari es 
(one day) 

SMPLE POLICY SENSITIVITY 

Individual trip None 
sequences ( sequence 
1 ength is equa 1 to 
three 

Not applicable Travel velocity, temporal 
constraints on activities, 
transportation network geometry, 
spatial distribution of activities 

336 individuals None 
(academic staff 
and students) 

PR !MARV RESULTS/CONCLUSIONS 

Markov models implying adaptive behavior with 
stationary transition matrices do not capture 
the adaptive properties of movement within 
urban spatial structures. 

The speed that an individual can travel must 
a !ways be changed by a greater percent than the 
amount of time he has avail ab I e to produce the 
same marginal accessibility benefit as the 
corresponding time increase. 
The less constrained an individual's freedom in 
space and time, the greater the attractiveness 
of a strategy that relaxes the time constraints 
he confronts re 1 ati ve to a strategy that 
increases the speed he can travel. 

F'ocusing attention upon the structuring 
importance of organized epiSodes appears 
justified. 
Activities that were arranged with other people 
and routine activities were the most rigidly 
constrained in time and space, Activities 
constrained in space were more common than 
those constrained 1 n time but spat la 1 
constraint did not result in activities acting 
as •structuring• episodes about which the day 
was organized as was the case with temooral 
constraint. 
The degree of flexibility available to the 
individual is inversely related to the degree 
of activity commitment which, in turn, is 
closely related to whether or not the activity 
was arranged with others, planned alone, 
routine or just passively allowed to happen. 
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AUTHOR( S) (OATE) 

Damn, Llavid ( 1979) 

Uav1s. Chr'"istian F •• 
•illiam H. Groff and 
T>,o,nas E. Steahr 
( 1931) 

Ginn. James Royce 
( 1969) 

MAJOR THEME UNOERL YING THEORY /HYPOTHESES 

Activity Scheduling Travel demand is derived fro,1 the 
in Time and Space need to participate in non•h01le 

activities. It is therefore 
hypothesized that people associate 
a particular level of fixity with 
each activity in which they 
participate. The degree to which 
an activity can be shifted in time 
and/or space varies and the extent 
of that variation affects how the 
activity will be scheduled. 
Individuals evaluate the utility 
associated with participation in a 
non-obligatory activity and that 
associated with non-participation 
(either staying at the current 
obligatory activity or not 
deviating from the path between 
obligatory activities) when 
scheduling their activities. 

Temporal and There currently exists a high 
Spatial Flexibility potential for ridesharing (for 
of Activity both work activities and non-work 
Patterns and the activities) as a result of the 
Potential for excess capacity of the private 
Ridesharing automobile and the inherent flex• 

ibility of individual's activity 
patterns. It is futher hypothe
sized that travel patterns can be 
adapted to the transpertation 
system and that thiS adaptation 
can take place within the con
straints established by the pattern 
of daily activities. 

PR INC IP AL METHODOLOGY 

Econanetric models: 
Probit model (activity 
participation) 
Regression model (,1ctivity_ 
duration) 

MAJOR ASSUMPTIONS 

An individual's day is 1ivided into five 
time periods with respect to the fixed 
activities--home and work. 
Decisions in the various time periods are 
interdependent. The amount of discretionary 
time available to an individual in each time 
period is a function of socioeconomic 
characteristics of both the individual and 
the household. 

A simulation model is developed Participation in ridesharing is only 
to estimate the n...,ber of limited on the basis of the route deviation 
individuals who could utilize constraint-•temporal constraints are not 
a ridesharing progra<n. A incorporate~. 
series of 11 scenarios• that are 
defined by a set of ass...,ptions 
concerning simulation time 
period, participation rate, 
auto and fuel avai Jabil ity and 
operat iona 1 characteristics 
serve as input to the simula-
tion model. 

Multi-puroose Tours Tripmaking is viewed as a stochas- Dynamic Programning True optimization is not sought in the 
stochastic orocess. in Urban Travel tic process in which the probabil-

Behavior ity of making a link between two 
locations given that an arrival at 
one location took place on the 
previous 1 ink is a function of the 
utility of the other location, the 
cost of tr ave 1 between the two 
locations and the expected 
c...,ulative utility and cost for all 
other links on the tour. 

AS 

Individuals consider future travel behavior 
when making their current travel decisions. 
The probability of trip linking is not 
influenced by temporal constraints. 



DA TA SOlRCES P Q ICY S EMS IT IV !TY 

1970 "'1nneapol1 s
St. Paul Household 
Inter,iew Strvey 

2345 I ndlvi duals Household i ncane, auto owners ht p 
(full-time workers) levels, changes in working hotrs 

1979 il1ndham, 600 households 
Connecticut P 1 ann1 ng 
Region House ho! d 
Inter,iew Survey 

Hypothetical land use Not applicable 
patterns 

Maxi mun allowable route 
deviation, participation rate, 
occupancy rate 

Spatial di stri butlon of 
opportunities 

PRIMARY RESU. TS/CONQ.US IIJIS 

There appear to be three categories at caus a 1 
factors with respect to activity scheduling 
behavior: needs/activity pro gr an, temporal 
constraints and spatial constraints. No socio
econcrnic variable was stat1st1 cal 1 y si gnift cant 
tn all time periods--tnd1v1duals were influ
enced more by household factors tn periods 
having "hone• as the reference point ( Periods 
l and 5) than in periods with work as the 
reference pot nt • 
Act1 vi ty parti c1 pat1on and dir ati on decisions 
In different time periods are interdependent. 
Interaction between household ,nembers al so has 
an effect on activity decisions. Specific 
types of activities should be isolated 
and analyzed In the general franeworl(. 

There exists a significant unused people
,no,I ng capacity In the hi g,way/ autonobil e 
system In the area studied. SI gnifi cant 
reductions in VMT were shewn to be possible 
even with the crude matching algorithm. 

The model results in a higher level of multi
purpose toirs than Is revealed in actual data, 
thus indicating the need for additional 
constraints. 
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AUTHOR(S) (CATE) 

Hanson, Susan E. 
(1980) 

Hemmens, George c. 
( 1970) 

MAJOR THEME 

The Importance of 
the Mu 1 ti-Purpose 
Journey to work in 
Urban Tr ave 1 
Behavior 

Simulation and 
Analysis of Urban 
Activity Patterns 

Horowitz, Joel (1976) The Effect of 
Tr ave 1 Time and 
Cost on the 
Frequency and 
Structure of 
Autanobi 1 e Tr ave 1 

UNDERLY ING THEORY /HYPOTHESES 

The journey to work {a frequent 
multiple-purpose trip) plays a 
major organizational role In the 
household's overall travel pattern. 

PRINCIPAL METHODOLOGY 

Transaction Flow model 
Principal Components analysis 

There exists a long run Interaction Markov process (with 2 and 
between the wants/needs of lndi- ANOVA tests for determining 
viduals {as expressed in their whether the transition proba-
actlvlty choices) and the oppor- bil itles are independent of 
tunltles available to them in the time) 
urban envirorvnent. Si nee activity 
patterns are carried out in 
connection with both the land use 
system and the transportation 
system, by focusing attention on 
the activity patterns themselves 
one can better understand the 
interaction between these two 
systems. 

The frequency of non-work auto OLS Regress ion 
tours by households without access 
to transit Is a decreasing function 
of time and cost. 
Households without access to 
transit for non-work travel tend 
to compensate for increases In 
time and cost by (1) Increasing 
the number of destinations In non
work tours, (2) visiting non-work 
destinations while traveling bet
ween home and work and (3) visiting 
non-work destinations during work
based tours. Changes in tr ave 1 
time and cost result in changes in 
the frequencies of auto visits to 
(1) shop destinations and (2) non
shop, non-work destinations by 
households that do not have access 
to transit for non-work tr ave 1 • 
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MAJOR ASSll-1PTIONS 

None 

Choice of activity Is influenced by the time 
of day, the duration of the activity and the 
soatial distribution of activity sites. 

The travel time Is the average travel time 
from home to the non-work destinations 

• visited by_ the households located in the 
traffic district. 
The travel cost Is the average cost of 
operating an automobile between home and the 
non-work destinations visited by the house
holds located in the traffic district. 



DATA SOURCES 

1971 Uppsala, Sweden 
Travel Diaries 
(five weeks) 

POLICY SENSITIVITY 

92 households None 

1962 Buffalo, New York 16,000 households None 
Housenold Interview 
Survey 

1968 Washington, O.C. 15,600 households None 
Area Transportation 
Survey 
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PR !MARY RESULTS/CONCLUSIONS 

Many stops of a non-ob 11 gatory nature are 
canbined with the journey to work and 
therefore, this journey holds Implications for 
mode choice as well as for the level of 
transactions In several types of retail 
establishments. 

To understand the spatial structure and 
functioning of an urban area one must focus 
on the activity patterns of people. 
A higher incidence of multiple activity 
journeys seems to occur In households 
characterized by high levels of auto 
avail abil lty, suburban location and smal 1 
family size. 

Results are consistent with the hypothesis that 
travel time can have a substantial effect on 
the frequency of non-work auto travel by 
households lacking access to transit. Auto 
operating costs do not have a statistically 
significant association with any of the travel 
frequency variables. Reductions In non-work 
travel frequency associated with increases In 
travel time appear not to be canpensated by 
Increases In the average number of non•worlc 
destinations visited per auto tour. Rather, 
the frequency of auto driver visits to non
work destinations Is reduced. Changes In auto 
operating costs have no effect on the average 
number of non-work destinations visited per 
tour. 



AUTHffi( S) (DA TE) 

Horowitz, Joel ( 1978) 

Horowitz, Joel (1981) 

Jacobson, Jesse 
( 1978) 

Jones, Peter M., 
Martin C. Dix, "' 
Michael !. Clarke and 
Ian G. Heggie (1980) 

MAJffi TIU£ 

No,..ori< Travel 
Den and 

Traveler ResPonse 
to Gasol lne 
A llocatl on 
Strategies 

Non-work Acti vlty 
Otrat I on 

Act! vi ty-8ased 
~proach to 
Understanding 
Tr ave 1 Be ha vi or 

UN(Ul. YING Tt£ffiY/HYPOTt£SES PRINCIPAL 1£THOOOLOGY 

Household's choice of tour Utility maximization "1th a 
fre~ency and destination is hytrld discrete choice/ 
sens! the to hOusehold character- stochastic process model 
!sties and transl)Ortatlon level-of- Three stage estimation 
service. Households have limited procedure: · 
travel resoirces (e.g., time, (1) maximllft llkellhOod 
money, autos) and as a result, ( 2) nonl !near reg-esslon 
consider both past travel decisions (3) OLS reg-ession 
and future travel needs when 
making current travel deci slons. 

Different procedures for allocating Utll ity maxlmi zatlon with two 
gasoline will have different travel denand models: 
effects on gasoline consunption, (1) multinomial logit model 
pr! ce, travel frequency, chol ce of (work trip mode choice) 
multl-desttnatlonal travel and (2) hybrid discrete choice/ 
choice of mode. stochastic process model 

(non-work travel demand) 

Activity patterns (not travel) are Simultaneous equations 
the basic unit of dem1111d and result (1 lmited dependent variable) 
fr011 a two-stage chol ce process 
Involving: 

(l) choice of activity duration 
( 2) chol ce of tr ave I pattern 

(conditional on activity duration) 

No underlying theory was presented 
at the outset. The main objective 
of this study was to obtain a 
better understanding of househOld 
travel behavior and to develop an 
analytical and modeling capabtl ity 
that would enable the knowledge 
to be applied in transl)Ortatlon 
planning. 

A9 

Cross-tabulations of trip 
"ci rcul ts• (1.e ., totrs) 
Mui ti variate Discriminant 
Analyis 
Cluster Analysis 
HousehOld Activity Travel 
Simulator (HATS) 
Canblnatorial Algorittm for 
Rescheduling Activities- (CARLA) 
Oenographl c Simulation Model 

MAJffi ASSlW TIOIS 

Households are the basic dee! ston-,nakinq 
uni ts. 
Aut0110bil e Is the only mode available for 
non-work travel. Toirs that originate or 
terminate at work are ignored. The sequence 
of s<rjourns with! n tours is not considered. 
Varlabl es character! zing the travel times 
and costs associated with tr! PS between non
work destinations are not Included. 

In estlmati ng non-work travel, each househOl d 
was random! y assigned a non-work destination 
choice set. 
When a hOusehold's gasoline suooly ts con
strained, gasoline consumption and monetary 
expenditures for work travel and non-work 
travel are oercetved and evaluated In a 
similar manner. 
Gasoline shortages cause percentage 
reductions in weekend gasoline consumption 
that are equal to the percentaqe reductions 
in weekday gasoline consumption for non-work 
travel • 

Accessi b!l ity Is used to describe the char
acteri stfcs of the i ndi vi dua I's tr ave I 
pattern for a given activity. Individual's 
choice of destination and mode alternatives 
vary "1th the acti vlty performed, therefore 
to comJJJte the access I bll I ty for a part i cu-
1 ar activity, different models of destina
tion and mode choice are estimated for 
different activity types. 
Destination choice sets are random! y 
determined. 

An activity-based fr"11ework (i.e., travel Is 
viewed within the context of activities) ts a 
more appropriate analysis fr.!11ework than a 
trip-based fr.!11ework. The househOld Is the 
basic decision maklnQ unit. lndi vi duals 
place an lml)Ortance on synchronizing time 
spent at hone for family activities and 
therefore I inkages between hOusehOl d members 
and tenooral constraints are as important as 
spatial constraints. 



DATA SaJRCES SAMPLE 

1968 Washington, O.C. 890 households 
Area Transpcrtation 
Survey 

1968 washi09ton, O.C. 
Area Transportation 
Survey 

1970 Minneapolis
St. Paul Household 
Interview Survey 

1976 Banbury, 
England Household 
lntervi ew Surveys 
( one week) 

1431 individuals 

196 househo 1 ds 

POLICY SENSITIVITY 

None 

PR !MARY RESULTS/CONCLUSIONS 

The hypothesis that househo 1 ds consider both 
past tr ave 1 dee is ions and future tr ave 1 p 1 ans 
when making current travel decisions is 
confirmed. Increases in household size and 
auto ownership lead to increases in tour and 
sojoum frequency, The effect of income, 
hOlOflver, depends on household characteristics. 

Travel time, auto ownership, The disaggregate demand modeling framework 
household income, auto fuel economy has been estended by including gasoline 

allocation via white market coupons and 
traditional rationing in the forecasts of 

In-vehicle travel time, out-of
veh ic I e time, out-of-pocket cost, 
possession of driver's licenses 

Changes in work hours, school 
hours, shopping hours, activity 
durations, transportation 1 eve 1 
of service 

tr ave I er responses to gaso 1 ine shortages. 
Multi-destination travel has also been 
incorporated. Sensitivity tests indicate that 
when price-based a I location methods are used, 
the effective market clearing price of 
gasolin! is highly sensitive to the travel 
environ,nent. 

Non-work activity programs are sensitive, at 
least in the short run, to the level of service 
of the transportation system. Oecreases in 
the work duration do not increase 
significantly the duration of weekday non-work 
activities. Some evidence exists that 
estimation of models of activity duration for 
different population groups would yield 
coefficient estimates that are significantly 
different from those estimated on a ful I 
cross-section of the population. 

Individual's travel behavior arises from the 
process of scheduling a set of activities 
within a particular time period. Activity 
scheduling decisions are made within the con
straints of the space-time environment and the 
constraints imposed by household interaction. 
The use of stage in family lifecycle as a 
classification variable accounts for major 
differences in household's travel behavior. 
Stage in family lifecycle has dynamic proper
ties that can be used to simulate demographic 
and behavioral changes in a population over 
time. 
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AUTHOR( S) ( 0A TE) 

I( i tallur"d, Ryuc11i, 
Lidia P. Kostyniuk 
Micn•el J. uyeno 
(1980) 

,(Obayashi. ~enzo 
( l~lti) 

Landau. Uzi, 
Jos-=:pn Prasnkl:!r, 
dernard A I pern and 
i•1os ht! Be n ... AJ<. i va 
( 1980) 

MAJOR Tf£1'£ LtHUL YING Tf£CIIY /HYPOTHESES PRINCIPAL 1'£THOOCl.OGY r-'AJOR ASSUf,f>TI QNS 

Basic Properties 
and Urban Time-space 

PathS 

of No underlying theory was presented An abstract model integ-ating 
but instead several maaoscopically the concepts of space/time 
observable properties of urban prisms, trip linkages and the 

The study area is represented as a 1 iner 
city (i.e., people's movenent Is one 
dimensional). Opportunities are homogene
ously distributed in the linear city with a 
constant density. ~eed of travel Is 
Invariant regardless of time and location. 
Activity decisions are made se~ent!ally. 
Mode choice is not con sl d ered. 

..,. 

An Acti v!ty-Based 
ilenand Made 1 

time-space pathS were used to Intervening oppartuni ti es 
construct hypotheses regarding approach to trip distribut,on 
Individual's travel/act!vHy is used as a tool for extract-
behavior. These hypothSes were Ing spatf<>-tenporal properties 
then statistically tested on an of time-space pathS. Weighted 
e,npirical data set. least s~ares reg-ess!on and 

logi t multiple cl assiflcation 
analysis Is us2d to test the 
hypotheses. 

Only non-work activities are considered. 

Travel patterns are a function of 
the time re~ired for travel and 
the time spent participating In 
acti vitl es. 

A serial queueing model Is used The service times for the activity system 
to estimate the nunber of trips and transportation systen QUeueing stages are 
attainable by an individual exponentially distributed. All queueing 
within his/her available time. stages are Independent. The effect of making 
A cost-effectiveness function a trip to a particular activity increases 
Is then maximized to obtain with increasing time spent at the activity. 
the optimal vi sf ting rate. Socloeconoml c factors do not Influence 

travel patterns. 

Destination Choice Constraints on an Individual's An algorithm was developed to Any retail 1 ocatl on that can be reached by 
an Individual Is Included in his/her choice 
set (1.e:;- no mlnlmun shooolng duration 1s 
Incorporated In the madel ). 

Set Madel Ing freedom to move tlrough space and cal cul ate the maxi mun anount 
time affect the Individual's selec- of time an individual could 
tion of shopping location. Compul- spen(j at each shopping loca-
sory activities (1.e., work and tion. This was calculated 
schaol) may make it Impossible for based on constraints placed 
an Individual to reach a particular on the individual by his/her 
location while It is open. Activity activity pattern (the fixed 
prog-1111 constraints Influence the activity partlon) and ex<>-
amount of time that an Individual genous factors such as store 
is willing to budget for shopping, locations, travel times, store 
which in turn determines the set of hours and shopping duration. 
locations he/she can reach. All locations that cannot be 

All 

reached by the Individual are 
eliminated from the choice set • 

Mode choice Is not dealt with explicitly In 
the model. 
Non-workers have no· tenporal constraints 
imposed on tt'em by their activity prog-an. 



DATA SOlRCES SAlf'LE 

1965 Detroi t Area 1~6 i ndi vi dua 1 s 
Transportation and (withOut worlt 
Land Use Study (TALUS) trips) 

Hypothetical 

1972/73 Tel-Aviv, 
Israel Housenold 
Interview Survey. 

Not applicable 

8841 1nd1 vi duals 

P!l.lCY SENSITIVITY 

None 

Travel time, activity duration 

Changes in work hou~. school 
hours , shopping hours, act !vi ty 
durations, transportation level 
of service 

PRll'ARY RESUL TS/COiCLUSIONS 

The probability of returning home is an 
1naeasing function of the time when and the 
1 ocation where the transition occurs. The 
average sojourn duration is dependent on the 
nunber of sojourns in the tour. The spatial 
distribution of the sojourn locations is 
dependent on the nunber of sojourns. A strong 
carrel at1on exists between the nunber of tours 
and 1 ifecycl e status. 

The activity-based queueing model 1s a 
representation of the activity selection 
schema which states that trip motivation is 
derived fron two sets of needs--fundamental 
and supplemental. The total nunber of visits 
serves as an index of satisfaction level of 
supplemental needs and the cost-effectiveness 
of each trip serves as an index of 
satisfaction level of fundamental needs. 

Restricting choice sets via spatial/temporal 
constraints can improve the prediction accuracy 
of already existing shopping destination choice 
models. 
Choice set definitions can be used to develop 
improved measures of accessibility that are 
sensitive to temporal constraints and 
strategies directed tOo1ards inaeasing the 
amount of time avaHable to individuals. 
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Al/THOR( S) (DATE) 

Lc1ndau,. Uzi, 
Jose pn Pr ash ker 
Michael Hirsh 
( 1980) 

Lenntoro. Bo 
{ 1970) 

Lt!r1,1dll. St~ve 1-t. 
( 1~7~) 

~a~ay, Davia B. 
( I ~71) 

and 

MAJOR nu£ 

Trip Gent!f'ati on 
Moaels and 
Temp0ral 
Constraints 

[nd1vidua 1 Move
ment Passi bil i ti es 
in Space-Time 
Environments 

Trip Chaining 

C ons um er :-1 ovement 
Patterns 

LtU~RI. YING THE<RV /HYPOTHESES 

An individual's decision to travel 
for a particular p,rpose dependS 
not only on the characteristics of 
the specific activity involved, but 
also on the characteristics of his/ 
her entire daily activity pattern. 
Temp0ral constraints influence 
household decisions regarding 
whether or not to travel, what time 
to travel and for what (non-work) 
purp0ses. 

PRINCIPAL f,£THQOQOGV 

Linear probability models were 
esUmated vi a OLS regression 

Movenents by an individual over A canbinatorl al simulation 
time can be represented by a cor>- model (PESASP) was developed 
tinuous path which reveals the to calculate the total n1111ber 
t ntt!f'dependence bet>1een events wl th of p0tential space-time paths 
respect to time and space. The that an Individual could follow 
locations an Individual can visit tn the execution of a partlcu-
are limited by both temparal and Jar activity progran. 
spatial constraints, tn addition, 
to the restrictions Imposed by the 
specific activities contained in 
the individual's activity progran. 

MAJOR ASSUl1'Tl ONS 

A seQUential choice process is ass1111ed where 
at the first stage the household decides 
>1hether or not to perform a trip for a speci• 
fie p1r11ose during the day and 1 n the second 
stage a decision is made as to what period. 
Two models are estimated for the second stage 
decision--the first estimating the probabil• 
lty of any member of the household making a 
trip during a particular time period and the 
second estimating the probability of a 
~ househo 1 d menber making a trip 
cfiii'fnga part! cul ar time period. 

The simulation model ts used to study the 
situation of an individual tn an environment 
that does not include any other individuals 
(i.e., household interaction is ig,orea). 

Non-work travel is substantially 
more ccmplex than travel to work 
due to a 1 arge degree of subs t1tu
tability between alternative non
work destinations, altt!f'native 
times and the higher sensitivity 
of non-work trip freQUency to 
transportation level of service. 

Utility maximization with a The individual's home Is treated as a special 

Shopp; ng tr ave 1 is viewed as the 
result of ttree intt!f'related 
declsl ons: 

( 1) the decision whether or not 
to ShOP 

(2) the decision of how many 
stops to make 

(3) the decision of which stores 
to visit 

These decisions are influenced by 
household characteristics, store 
characteristics, individual's per
ception of store characteristics 
and past shopping decisions. 

multinomial logit model (joint state. One heme state is the initial loca
choice of mode and des ti nation) ti on of the i ndi vi dua 1 and the second set of 
Semi-Markov Process {choice of hone states are defined as the return trios 
first departtre from home, to home. The dwell time distributions are 
subsequent deoartures from Independent of destination and mode choice. 
home and depart,res fron non-
hone locations) 

A seQUential ttree-stage 
dynanic discriminant analysis. 

Different consumer :novement heuristics are 
tested tn the model. These include: 

(1) single stop distance minimization, 
(2) sequential distance minimization, 
(3) total distillce minimization and 
(4) total distance minimization (for short 

(trips) and seQUential minimization 
(for long trips). 
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DATA SOU!CES 

19n/73 Tel Aviv, 
Israel Household 
Interview s .... vey 

1967 Stockholm, 
Sweden Telepnone 
Strvey 

1969 Rochester, 
New York Household 
Interview s..-vey 

1970 Tinley Park, 
I 111noi s Shopp; ng 
Trip Strvey 

SPH'L£ 

732 households 

202 Individuals 
( e aCh I ndivi dua 1 
had visited both 
his/her workplace 
and at least one 
food store) 

[nd1 vi duals 

2114 individuals 

PCI.ICY SENSITIVITY 

None 

Public transit network (travel 
times, routes, fre(Jlency), spatial 
distribution of act! vi ty st tes 

None 

None 

PRl1'1'\RY RESlL TS/COHO.US !CNS 

The explanatory power of tenporal constraints 
is more si<11ificant in the models reoresenting 
choice of time period for individual household 
menbers than in the models representing the 
behavior of the household as a wholP.. This 
Indicates that the appropriate behavioral unit 
Is the ind1 vi dual not the household. Tenporal 
constraints were significant in the leisure 
trip 1110dels (e.g. soc1al-recreacion, entertain
ment, etc.) but not significant in the main
tenance trip models (e.g. shopping, personal 
business). A simultaneous equation model may 
yield even more promising results. 

The simulation 1110del generated the obseo-ved 
se"'ence i n 90l of the cases • The set of 
alternatives generated by allowing the activ
ity seCJJence to vary ts twice as 1 arge as the 
set generated under the restriction of fixed 
se(Jlence and fotr times as large as the set 
generated under the restriction that the 
sequence had to contain food stores of the 
Si!fte size as the observed stores. Auto users 
have tlree times as many alternatives as 
public transport users. 

Si!llple enuneration and "4onte Carlo simulation 
of Individual trip patterns appears feasible 
for pro bl ens of reasonable size. The 
assunption of time homogeneity with respect to 
transition orobabilities requires additional 
testing. 

The incidence of multi-stop shopping is higher 
for those fi!llilies that have a hicj,er decree 
of 1110bility and live further from retail 
centers. The distance tr ave 1 ed between the 
consuner's home and the retail center is 
creater on multi-stop shopping trips than on 
single-stop shopping trips. The ratio of 
multi-stop to single stop shoppers is higher 
for small p<rchases than It is for large 
p..,.chases. 
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AUTHOR( S) ( 0A TE) 

Nys tuo,n, Jom o. 
(196 7) 

Oster, C 1 int on v. 
( 1973) 

Pas, C:ric I. 
; 1981) 

MAJOR THE!'£ 

Simulation of 
I ntrairban Travel 

Multiple 
Destination 
Travel 

Analysis of 
Daily Urban 
Activity Patterns 

I.IHUL Y [NG THEtRY /HYPOTHESES PRINCIPAL l'f:THODa.OGY 

Travel behavior is the complenent A spatial association Index of 
of spatial location, that is travel store types is constructed 
behavior is in part determl ned by along with a tenparal proba-
the arrangenent of facilities and billty flllction of returning 
in part determines that arrange- home and both are·used in.a. 
ment. Optimal travel behavior for stochastic simulation model to 
a trip wi 11 involve multi pl &- predict ,.hat kl nds of and how 
pirpose shopping whenever there many visits wil 1 be <nade on a 
e xi s ts at I east one center cont ai rl- toll" , g i ven the f I rs t pur pas e 
ing all the trip pirposes denanded, of the toir. 
if the center is at a di stance I ess 
than the sun of the distances to 
sources of the denand at different 
locations. 

One of the principal Incentives for OLS Re.,-ession Trip FreCJJency 
multiple destination travel Is to Model 
obtain a savings in the time and 
money cost of travel, thereby 
la.ering the total costs of the 
goods and servl ces obtained vi a 
travel. 

The activity pattern Is considered 
the appropriate unit of analysis 
due to the Interdependence of 
travel and activity behavior. It 
Is hypothesized that general cat&
gories of urban travel behavior 
exist and can be identified by 
analyzing empirical data. 
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A slmil arity matrix is con
structed in which the elenents 
are measures of the similarity 
between pairs of activity 
patterns. Princi pie coord1 rl
ates analysis and Ward's 
clustering algorittm arP. 
applied to the similarity 
<natrix to .,-oup similar pat
terns. Linear logi t models 
are used to analyze the 
rel ationshi PS between activity 
pattern types and socio
demo.,-aphic characteristics. 

MAJOR ASSUl1'TIONS 

Oenands for travel vary in a ranoon1 rnanner 
over short time periods. 
The attraction of each 1 ocati on depends on 
current utility to the custm,er and the rel a
t Ive pastti on of the cus tm,er at each rnonent 
in a given time period. 
Hm,e is a special location, the utility of 
which Increases .1th time spent !!,lay from it. 
Choice of locations on a toir depends on the 
probable <naximun net return for the entire 
tour, and this return iS r&-evaluated after 
each vi sit. 

The savings In travel resources gained frCJII 
multlole destination tours is estimated 
using two alternative methOds. The first 
al tern a ti ve assunes that the hOusehol d 1<oul d 
have <nade a separate single destination toir 
to the same destination. The second alterna-
tlve assunes that a different destination is 
vlsite.d via a single destination toir. The 
length of the tour (i.e., travel time and 
distance) is assuned to be the average travel 
time and distance for all slnqle destination 
tours <nade for the same purpose by other 
households· 1 i ving In the same census tract. 

The si<nil arity index is cm,posed of two 
attributes; activity·and time of day, with 
the activity dimension consider-ed twice as 
ionpartant as the time di<nension. Activity 
sequence is not considered explicitly in the 
simi 1 arity index. 



DATA SOUICES 

l %0 Cedar tl api as , 
Io.a 

1971 Fresno-Clovis, 
Calircrnia Household 
Interview Sirvey 

l 977 Bal ti more, 
r1arylana Household 
Interview Survey 

SAfol'LE 

143 1ndl\11dual 

1620 households 

236 1 ndl vi duals 

Pll.lCY SENS ITIV !TY 

None 

Household sl ze. number of workers 
per household, auto avail ab11 lty 

None 

PRIMARY RESULTS/COOCLUSIONS 

The degree of correspondence between actual and 
slmul ated travel patterns lendS support to the 
bel lef that spatial arrangement may be used to 
predict lnd1\11dual movenent, Recognition of 
the functional hierarchy of centers may 
el lminate some of the excess! vel y hi qh 
11nkages predicted by the model • 

The variation of household menbers' use of 
workplace related toirs with differences 1 n 
household characteristl cs suggests that. as 
the demographic character! stl cs of the 
population change, the aggregate travel 
patterns of the population will change also. 

Dally activity patterns can be classified into 
a rel at Ive 1 y small number of \J"OUl)S without 
the loss of an undue amount of information. 
Group menbershlp can be explained by 
particular soci o-denographi C· characteristics 
of the lndi vi duals undertaking the patterns. 
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AUTHOR(S) (DATE) 

Recker, Wilfred W., 
Gregory S. Root, 
Michael G. McNa lly, 
Michael J. Cirdncione 
and Harry J. Schuler 
(1980) 

Stephens. John D. 
(1976) 

Swidersky, Detlef 
(1981) 

Tomlinson, Janet, 
Norm Bullock, 
P. Dickens, 
P. Steadman and 
E. Taylor (1973) 

MAJOR TliEME 

Analysis of 
Individual Daily 
Activity Patterns 

Dally Activity 
Seouences and 
Time-Space 
Constraints 

Simulation of 
Spat la lly and 
Tempera lly 
Coordinated 
Activity Sequences 

Simulation of 
Individual's Daily 
Activity Patterns 

UNDERLY ING TliECRY /HYPOTliESES PRINCIPAL METHODOLOGY 

Activity patterns are used as the Walsh-Hadamard Transformation 
basic unit of travel demand under Cluster Analysis 
the hypothesis that trip making can Multiple Discriminant Analysis 
be better understood when trips and Trip Chaining Simulation M~el 
activities are linked into sets of 
tours and ana 1 yzed as a co 11 ect ion 
of individual actions and inter-
actions. With this framework 
travel behavior is defined on the 
basis of knowing how individuals 
a 11 ocate t i,ne and sequence 
activities. 

Time-space constraints and levels 
of activity c0111111i tment are the 
critical determinants of activity 
sequences in time-space. 

Activity sequences and tr ave I 
pat terns are the •es u It of the 
interaction between spatia 11_., and 
temporally coordinated activity 
sequences. Individual choice is 
influenced by subjective knowledge 
of the objective env i rorment. 

At an aggregate statistical level. 
the regularities of behavior that 
can be observed provide suff i cent 
overa 11 information to model acti
vity patterns, without the need to 
explain the actions and choices of 
individuals. The concern is with 
simulating the distribution of 
individuals to activities and 
1 ocati ons over a day as a resu 1 t 
of restrictions imposed by the 
spatial dis tri buti on of f ac i1 i ti es 
and administrative/social con
straints on activity timing. 
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Monte Carlo simulation 

Semi-Markov Process 

Entropy max irni zat ion with a 
s imu I at ion mode 1 

MAJOR ASSUMPTIONS 

Activity type and distance from home were 
the salient dimensions used to classify 
the activity patterns. 
All in-home activities were assumed to be 
temporally flexible in the resequencing 
phase of the trip chaining simulation mooel. 

"Level of activity c0111111itment• was defined in 
terms of an individual's judgment about the 
extent to which an activity could be 
performed at different times and/or 
different places. Individuals were grouped 
according to their allocation of time to 
va.-ious activities and their observeo 
activity sequence to distinguish those 
people with highly structured pattern from 
those with loosely structured patterns. 

The subjec.ti ve evaluation of the des ti na
·tions, thef~ attainability and functional 
connections are determined by probabi 1 ity 
measures for the destinations. The orienta
tion within the· network is determined by 
transition probabilities. 

The oroportion of time spent in various acti
vities wiJl remain constant over a given time 
period. The proportion of people starting an 
activity in any one time period is indepen
dent of their previous activity. 
The distribution of individuals to activities 
and locations is made subject to the avai !a
bility of locations and to the constraint 
that the total amount of tr ave 1 time in the 
time budget for the whole population is 
maintaineda Activity sequence is not con
sidered in the model. 



DATA SCAACES SAM'L£ 

1976 SCAG/CALTRANS 665 incttviduals 
(Califcrnia) Household 
Interview Survey 

East Lansing, University 
Ml chi gan Travel students 
Surveys 

Hypotneti ca I Not appl 1 cable 

1972 Reaaing 100 university 
University, Engl and students 
and Leicester Uni ver-
sity, England 
Activity Surveys 
(one week J 

Pa.ICY SENSITIVITY 

Gasoline rationing, restriction 
on daily vehicle miles traveled 

None 

None 

Travel times, tenporal di str1 bu
t 1 on of act 1 vlty s Hes 
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P Rll-1\RY RESU. TS/OlNQ. US 100S 

Dis tin ct market segnents based on simi 1arit1 es 
in travel/activity behavior (i.e., activity 
patterns) were identified in addition to the 
socioecononic and urban form characteristics 
that best discriminate between the various 
market segnents. Potential impacts of various 
transportation-related policy options on the 
daily activity patterns of individuals were 
also exanined using the same analysis 
framework. 

The simul at1on performed reasonably we! 1 in 
establishing activities to be associated with 
periodS of high comm! tment and constraint but 
failed in its ability to accurately estimate 
activity sequences over the whole day and for 
periodS of low commitments and constraint. 

The relative location of an activity site 
affects the orobabllity of coordinating visits 
to other activity sites on the same tour. 

In general, the model reproduces the distri
bution of the polJUlation to activities and 
locations f al rl y accurate! y. 



AUTHCR( S) (DA TE) 

Van der Hoorn, Toon 
( 1981) 

Vfdakovic, Velibor 
(1974) 

Westelius, Ovar 
( 1973) 

MAJffi nu£ 

An Activity Model 

Trip Chai nfng 

Urban Travel 
Patterns 

llheel er, Jmies O. Urban Activity 
(1972) Linkages and 

Mui ti pl e-Porpos e 
Travel 

UN(UI. YING Tt£1llY/HYPOTt£SES 

Travel is a derived denand (Le., 
travel does not supply util fty but 
is a necessary complenent to the 
performance of activities at dif
ferent times) and therefore, it 
shOuld be modeled as a subset of 
the total acti vfty pattern. 

Decisions in time-space are 
f nfl uenced by both prior actf ons 
and fut ore intentions and sooul d 
be treated as an integrated whole. 

Trips to substitutable activities 
take place when an Individual's 
need to visit a location reaches a 
prevai I Ing ttresool d value or when 
the ttreshold value decl Ines bel °" 
the 1 atent need (1 .e ., when the 
distance has been redued due to a 
trip to another location). 

PRINCIPAL IETHOOOLOGY 

Utility maximi zatfon with two 
multi nonial I ogi t mode Is 
(location chOi ce model and 
activity choice model) 
Simulation model · 

Hannonic series, probability 
distributions/ ,<-tests 

Stochastic simulation model 

A basic reason for linking trips fs Factor analysis 
to reduce the transportation out- Transaction Floo Analysis 
lays. The spatial arrangenent of Markov Process 
activity 1 ocat f ons inf I uences the 
way in which actfviti es are com-
bf ned in tours. 
Certain activity types have a 
higher propensity for inclusion 
in mul tf pie purpose trips than 
others. 
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MAJCR ASSlM'Tl!l4S 

The 24-hotr day fs divided into 96 quarter 
hours. At each quarter hOur the fraction of 
the population engaged in mandatory activi
ties· at each location fs set e~al to the 
observed fraction in the database. The 
renal nder of the population is either engaged 
fn previously started discretionary activi-
t f es or • free• to be ass i g,ed to an act f vf ty/ 
location combination. Location choice is 
1 fmited to three locations: at hane, in 
town and outside town. 
Average travel times between each oafr of 
locations for all Individuals of all person 
groups were calculated separate I y per 
activity type, car avaflability class and 
degree of or bani zatfon. 

There exists a relationship between distance 
traveled between activf ti es and trl p chain 
size. There fs also a relationship between 
the frequency of arrl vinq at non-home 
destinations and trip chain size. 

An Individual's need to travel to non-home 
activities only changes when the 1 ndf vi dual 

• 1s at home:. Substitutable activity types 
are on I y I ocated in centers and each center 
contains a 11 of the actf vf t y types • 
An f ndi vi dual al ways vis! ts the center 
closest to hf s/her home when making trf PS 
for substitutable activities. 

The trip linkage analysis 1s perfonned with
out any consideration of the tenporal dimen
sion (f .e. tenporal homogeneity fs assumed 
with respect to the transition probabf11ties) 
Home trips are not included fn the trip 
1 inkage analysis. 



DA TA SOUlCES 

1975 Nether! andS 
Activity Diaries 
(one week) 

1968 Amsterdam 
Travel Diaries 
(two days) 

1968 Stocknolm, 
Sweden Household 
lntrvl e, Survey 

1965 Lansing, 
Michigan Trt-Coooty 
Regional \lri 91 n
Oestinatlon Survey 

SAM'LE PO.ICY SENSITIVITY 

1100 individuals None 

500 individuals None 

6,027 Individuals Spatial distribution of activity 
locations, tenporal constraints 
on travel for subStttutable 
act1 vi ti es • 

1,830 individual None 
trips 

PRIMARY RESU. TS/OlNO.US IOIS 

Since all activity choices are taken Into 
accooot, trade-offs between staying at hOllle or 
leaving hone can be made visible tn the model 
systen. The inclusion of tenporal constraints 
on discretionary activities and constraints 
Imposed by mandatory actl vi ti es (l.e., worlc, 
school) allow a much wider range of policies 
to be examfoed. 

Individuals travel choices over the entire day 
are hlg,ly Interrelated and must be modeled 
accordingly. 

Increasing dtstcWtce between the individual's 
hone and the nearest center results in a larger 
mecWt nunber of act1 vi ti es per chain and a 
greater proportion of activities at substitu
table activity types made tn connection with 
fixed actl vi ty visits. Increasing concentr a
ttons of substitutable activities to a few 
centers results in an increasing proportion of 
substitutable activities made tn connection 
w1 th vi sits to a center • 

There ts a hig, propensity of rnultiple-ptrpose 
trips Involving shopping, personal bUslness and 
social activities. A large nunber of segnents 
of multiple-purpose trips focused on the 
primary c<Jllllerctal/business areas of the city 
but a ht gher than expected (ooder the 
assunptlon of origin-destination independence) 
nunber of segnents connected peripheral areas • 
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