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ones require a major rescheduling of activities and 
trips. 

CONCLUSIONS 

The topics discussed in this paper have shown the 
usefulness of the activity-based study of travel at 
the data-collection, analysis, and modeling stages 
of transportation planning. The work also has 
important implications for other aspects of 
planning, such as policy generation or evaluation. 
Although some of these techniques (particularly the 
modeling) are still in the development stage, others 
are operational aml, mosl importantly, many can be 
applied to conventional data sources. Travel-survey 
data contain much information about the timing, 
sequencing, and linking of major out-of-home 
activities rarely used in conventional analyses. 

The importance of linkages between household 
members leads to another immediately practicable 
theme: use of the stage in the family life cycle as 
a classificatory variable. That this variable 
accounts for real differences in travel between 
households has been demonstrated by our (and other) 
analyses. Moreover, the variable has a dynamic 
aspect (one can think of cohorts of the population 
moving between life-cycle groups over time) that 
lends itself to predictive modeling applications (_~). 
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Basic Properties of Urban Time-Space Paths: 

Empirical Tests 

RYUICHI KITAMURA, LIDIA P. KOSTYNIUK, AND MICHAEL J. UYENO 

Temporal and spatial characteristics of urban travel behavior as a time-space 
path are explored. An abstract model that integrates Hagerstrand's prism, the 
concept of trip linkage, and the intervening-opportunities concept of trip dis
tribution is developed as a tool for this exploration. Empirical examination of 
hypotheses derived from the abstract model indicates that the probability of 
permanently returning home is a function of the time when, and the location 
where, the trip maker's last sojourn (or stop at an activity site) is completed; 
that the average duration of a sojourn is negatively correlated with the number 
of sojourns in the path; and that the spatial distribution of sojourn locations 
depends on the number of sojourns. 

The dominance of the work trip in the development of 
models aimed at understanding and predicting travel 
behavior has led to the suppression of the space
time element in these models. The temporal compo
nent (time of day) of the work trip is basically 
constant, as is the spatial aspect in terms of des
tinations. Travel for other purposes is character
ized by countless possibilities of destinations, 
frequencies, time scheduling, and combinations with 
other purposes. Only limited research has been de
voted to this type of travel behavior because its 
importance to the planning of roads and highways was 

not of the highest order and also because it was 
considered complex. 

Recently, however, the importance of considering 
this type of travel became more obvious when the re
sponse to the energy crises of 1973-1974 and the 
spring of 1979 included travel rescheduling or fore
going discretionary activities and combining trips 
(l,ll. One approach to such aspects of travel be
havior is to analyze the behavior in its entirety as 
a "path" (]) in the time-space dimension. Clearly, 
an understanding of time-space elements and interac
tions in travel behavior would be invaluable. Yet 
currently available analysis methods fail to provide 
an adequate framework for dealing with the complex
ity of travel behavior, which is becoming increas
ingly important. 

Research in this field is in the stage of seeking 
analytic structures, examining alternative hypothe
ses, and attempting to develop a theoretical frame
work. Accordingly, the space-time characteristics 
of travel behavior as a path have been largely un
explored. It appears that the accumulation of rele
vant empirical observations of the behavior would 
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also be extremely valuable. Such an effort should 
provide appropriate bases for the model-building ef
fort, just as empirical observations of trip-length 
distributions, accumulated over decades, have added 
to researchers' understanding of urban travel pat
terns. 

This paper summarizes the results of a research 
effort that explored some of the basic character
istics of urban travel behavior represented as time
space paths. The objective of the study is to 
hypothesize several macroscopically observable pro
perties of the time-space path and statistically ex
amine these hypotheses on an empirical data set. 
The goal of the effort is to identify a set of fun
damental properties of travel behavior with the an
ticipation that the empirically supported properties 
would offer guidance for model-building efforts re
lated to complex travel behavior. 

As a tool for this exploration, the study de
veloped a simple abstract model of travel behavior 
that integrates three well-known concepts and fre
quently practiced approaches: Hagerstrand's prism 
(3), the concept of trip linkage (4), and the inter
v;ning-opportunities concept of trip distribution 
(~, p. 111). Although highly hypothetical in its 
nature, the abstract model offers a framework from 
which certain properties of the time-space path can 
be inferred. Those inferred properties constitute a 
set of statistically testable hypotheses. Further
more, as the assumptions of the simple model are re
laxed, these properties can serve as acceptable lim
its for testing more realistic models. 

Since there is no standard terminology on the 
subject (i,1l, we define some key terms used in this 
study. A (time-space) path is defined as an indi
vidual's trajectory in the time-space dimension over 
a study period. This study deals only with those 
closed paths that originate and terminate at the 
home within the study period (a day). The study is 
abstract in the sense that it focuses on the spatial 
and temporal aspects of the path while suppressing 
attributes such as types of activities or modes of 
travel. Consider a site where a trip maker can pur
sue one or more out-of -home activities. A site may 
be a complex of more than one facility in close 
proximity. A stop made at such a site is called a 
sojourn, and the site where a sojourn is made is 
called a sojourn location. A trip is defined as the 
movement between two successive sojourn locations or 
between a sojourn location and home. A chain is de
fined as a series of connected trips that originates 
and terminates at home. A path can have one or more 
chains in a day, and a chain can have one or more 
sojourns in it. 

REVIEW OF SPACE-TIME TREATMENT IN PREVIOUS MODELS 

Several research efforts have recently been devoted 
to the development of a fundamental and coherent 
framework for analysis of travel behavior, including 
several analyses of trip linkages <1-12) and time 
allocation among daily activities (13,14). Al
though, conceptually, these approaches --;r-;- not new 
(!,15-17), they show the promise of overcoming weak
nesses that exist in the analytic framework of urban 
travel demand analysis. 

In spite of these developments, relatively little 
is known of general space-time characteristics of 
travel behavior presumably because of the absence of 
simple analytic structures that capture this behav
ior. Empirical spatial and/or temporal distribu
tions of linked trips have been reported (.!1-20), 
but these aggregate observations are not precisely 
suited to the exploration of individual path charac
teristics. Many studies of trip linkages or chain
ing used Markovian models in condensing the abundant 
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information on observed behavior. The Markovian 
time-homogeneity and history-independence assump
tions of those models, however, are clearly too re
strictive to be useful if they are applied as a 
framework for understanding and describing the very 
fundamental space-time aspects of urban travel be
havior [empirical examples of their irrelevance can 
be found in a report by Kondo (15) as well as in 
later sections of this study]. 

The state of the art of utilitarian analysis of 
travel behavior, on the other hand, appears to be 
overwhelmed by the complexity of the decision pro
cess [perhaps not to the decision maker (10) but 
certainly to the researcher] as well as the-exten
siveness and stochastic nature of contributing fac
tors and the large number of possible alternatives 
involved. Only a few utilitarian analyses have con
sidered travel as a path through space and/or time. 
A discrete choice analysis of travel patterns by 
Adler and Ben-Akiva (1) assumed that each path has a 
certain utility associated with it that could be ex
pressed as a linear function of scheduling conveni
ence, travel expenditure, and destination attri
butes. The time element, however, was totally im
plicit in the model; and the scheduling-convenience 
variable, which could involve certain time factors, 
was constructed only from the number of activities 
and from the number of activities per chain. Pre
sumably because of its emphasis on policy analysis, 
the main concern of the study was the macroscopic 
description of travel patterns, aggregated over time 
and space as well as across individual households. 

A different type of model was developed by Horo
witz (8,11) that may be described as a hybrid of a 
discrete-choice model and a stochastic-process 
model. The model development starts with a time
dependent utility of destination location j when 
visited from location i by mode m. The history de
pendence of the behavior is incorporated by a param
eter that represents the number of trips made up to 
the time point of concern. The household is the be
havioral unit of the study, as in the study by Adler 
and Ben-Akiva (ll. The temporal continuity condi
tion, however, is not apparent in the model. The 
activity duration is not a component of the utility 
function, at least in an explicit form. The tempo
ral characteristics of the behavior are again de
emphasized, and it is difficult to identify space
time properties of the path from the model. 

Although the traditional trip-distribution analy
sis has completely left out the temporal aspect of 
travel behavior and the continuity condition of 
trips, time-budget analyses (16, 17) have not mean
ingfully incorporated the spatialaspect. Although 
effort has been made to represent the continuity 
condition, the main emphasis of recent developments 
is still placed on the atemporal distribution of 
trips. In spite of Hager strand' s conceptualization 
of time-space paths, it appears that no effort has 
been devoted to exploring the space-time aspect of 
urban travel behavior. 

ABSTRACT MODEL OF THE TIME-SPACE PATH 

An abstract model that integrates Hagerstrand's 
prism, the concept of trip linkage, and the inter
vening-opportunities concept of trip distribution 
was developed as a tool for extracting space-time 
properties of time-space paths. The basic assump
tions of the model are as follows: 

1. The movement of 
the study area can be 

2. Opportunities 
in the linear city at 

people is one-dimensional, or 
represented as a linear city; 
are homogeneously distributed 
a constant density; and 
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3. The speed of travel is invariant regardless 
of time and location. 

These assumptions, similar to those found in Burns 
(21), offer the ideal situation where the Hager
strand 's prism represents the domain of possible 
trajectories that one can follow given an origin 
coupling constraint that one cannot leave home until 
a certain time of day (21) and a destination cou
pling constraint that one-roust return home by a cer
tain time of day. 

The abstract model involves another assumption 
regarding the distribution of trips or sojourn loca
tions: ThP. trip maker pursues out-of-home activi
ties whenever there are acceptable opportunities 
within the feasible region of the time-space coordi
nates. The probability of acceptance of an oppor
tunity is assumed to be constant. 

Thus, the model depicts activity linkage in a 
probabilistic manner that may well replicate ob
served behavior. The behavioral implications of the 
model, however, are rather limited. The activity 
decision is assumed to be sequential, as opposed to 
simultaneous activity planning where most of the ac
tivities for the day are prescheduled (.!,£). Certain 
aspects of the behavior are thus not represented by 
the model. For example, the model does not repre
sent the empirically observed interdependency (13) 
in temporal scheduling of activities. However, the 
purpose of the model is not to replicate travel and 
activity choice behavior, and the model is kept in
tentionally simple for this reason. In its present 
form, the model does not incorporate the type of ac
tivities or the time when the t r i p maker leaves 
home. No assumptions are imposed regarding the du
ration of out-of-home activities. It should be em
phasized, however, that the model is not intended to 
be descriptive or predictive. Rather, it is devel
oped as a conceptual framework to extract in an ab
stract manner some specific aspects of travel behav
ior. Its possible behavioral weakness is acceptable 
as long as the model serves this purpose. 

FORMULATION OF HYPOTHESES 

Four basic hypothetical properties of the time-space 
path that can be immediately inferred from the ab
stract model are discussed here. Most of the dis
cussion is limited to the one-chain path--i.e., the 
path that involves only one closed series of trips 
that originates and terminates at home. Some gener
alizations are discussed later in this paper . As is 
apparent from the model development, the model is 
directly applicable to the paths that consist of 
discretionary sojourns. 

The first property of th~ path derived from the 
model, or hypothesis 1, is as follows: The condi
tional probability of returning home, given that a 
sojourn is completed at time t at a given location, 
is an increasing function of time. As a special 
case, suppose that the probability of making another 
sojourn depends only on the acceptability of reach
able opportunities. Then the conditional probabil
ity exponentially increases with time. 

The number of reachable opportunities decreases 
linearly as time proceeds (21). Then, if one ap
plies the intervening-opportunities concept, the 
conditional probability of not finding an acceptable 
activity location within the prism is given by 

P(t) = °' exp(Q')'Vt) 0 .;; t .;; T 

where 

a = 
y 

a constant = exp(-tyvT), 
density of opportunities, 

(I) 
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v = speed of travel, 
t constant acceptability parameter of the oppor

tunity model, and 
T time component of the destination coupling 

constraint (the origin coupling constraint is 
expressed as t = 0). 

One can expect that, if the trip maker does not find 
a location for an activity within the prism, he or 
she will return home. This gives the rationale for 
the second half of the hypothesis. In spite of the 
simplicity of the underlying discussion, the above 
result has important implications for the modeling 
effort, spe~ifi~nlly the implied rejection of the 
Markovian time-independent properties. 

Next, consider a generalization to the case where 
there exists some minimum time requirement for en
gaging in out-of-home activities. Attention is paid 
here to the possible case in which a trip maker may 
not have enough time left to engage in an activity 
even when an acceptable opportunity is reachable. 
If that is the case, one would expect the trip maker 
to return home. Let tm be the minimum time re
quired for an activity (this is generally different 
from the activity duration and varies depending on 
the nature of the activity and possibly on the at
tributes of the trip maker). Thus, it would be ap
propriate to assume some distribution function for 
tm. Let F(tm) be the distribution function of 
the minimum time for the activity. Then the proba
bility of being engaged in this activity is the 
joint probability of finding an acceptable opportu
nity within the reachable opportunity volume and 
having sufficient time left for the activity at that 
location. The probability of returning home, in 
turn, is expressed as 

ph (t,x) =I - F(T - t - x/v) 

0.;; t .;; T- x/v (2) 

where x represents the location of the trip maker at 
time t in terms of the distance from home. Examina
tion of the above equation shows that ph (t,x) is 
an increasing function of t regardless of the dis
tribution of tm. 

The formulation of Equation 2 also provides the 
second hypothesis: Suppose that the minimum time 
duration for an activity can be represented by a 
random variable from a distribution F (tm). Then, 
given that a sojourn is c omp leted at time t and lo
cation x, the conditiona l p robability of returning 
home increases with x, the distance from home, as 
well as with time t. 

This can be seen by taking the partial derivative 
of Equation 2 with respect to x: 

aph(t,x)/ax = (1/v)(I - e-£-yx)[dF(u)/du] l u=T-t-x/v "0 x > 0 (3) 

for any distribution function F and any t. The 
probability of returning home is a ffec ted by both 
the time when, and the loca tion where, the transi
tion to the next sojourn occurs. The temporal and 
spatial dependency of this probability appears to be 
a critical element in the analysis of time-space 
paths. 

Knowing that the conditional probability of re
turning home is an increasing function of time, one 
also obtains hypothesis 3: The average per sojourn 
of the sum of travel time and sojourn duration de
creases as the number of sojourns in the path in-
creases. 

Proving fully 
property requires 
cess. Since this 

this empirically observed (lll 
an involved analysis of the pro

paper is concerned with the quali-
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tative characterization of the time-space path, how
ever, the following simplified illustration will 
serve the purpose. 

Suppose that a trip maker who left home at time 
t = 0 has completed the first sojourn at location 
x. Let s 1 be the sum of the first travel time and 
sojourn duration. Since the probability of pursuing 
another activity decreases with time (hypothesis 1), 
the probability of pursuing another activity de
creases as s1 increases. Therefor e , the expecta
tion is that s1 will be larger when the trip maker 
returns home after the first sojourn than in the 
case where he or she continues on. 

One can apply the same logic to conclude that the 
sum of the first n trip t i mes and the sojourn dura
tions is larg·er when the out-of-home path terminates 
after the nth sojourn, compared with the case where 
it extends to pursue another activity or more. 
Then, introducing the assumption that the uncondi
tional distribution of sojourn durations does not 
depend on t, or that at least its mean does not in
crease with t as suggested by empirical observations 
(~])• leads to the statement given in hypothesis 3. 

The property reflects one aspect of the intricate 
i ntertelationships among several attributes of the 
path--i.e., the number of activities, activity dura
tions, travel cost, and spatial distribution of ac
tivity locations. In the util itarian analysi s of 
the path, each of these attribu t e s will e nter into 
the utility function in an interactive manner. This 
hypothesis depicts a trade-off that may exist among 
those elements. 

These hypotheses suggest that the spatial distri
bution of sojourn l ocati ons may also vary depending 
on the number of so j ourns . From Hage rstrand's prism 
concept, it can immediately be seen that the dis
tance to the farthest location that can be visi tea 
in a path is negatively correlated with the sum of 
out-of-home sojourn durations. That maximum dis
tance, under the assumptions postulated here, can be 
expressed as a linear function of the total out-of
home sojourn duration. Now, one can reasonably as
sume that the total soj ourn duration is posi
ti vely--but not neces s a rily 1 ne arly (hypothesis 
3 )--correlated with the number of sojourns in the 
path. Therefore, the distance to the farthest loca
tion that c a n be visite d in a path is negatively 
correlated with the numbe r of ou t -of-home so j ourns 
and al s o with the total sojourn d.u ra tion. One ma y 
interpret the prope r ty a s an e xpression o f the 
trade-off between space utility and time utility. 

The additional res t riction on the feasible region 
of the pa t h will natur ally affect the distribution 
of activity locations. The following inference can 
be drawn from this: The larger the number of so
journs in the path, the more concentrated the so
journ locations generally tend to be. The discus
sion below illustrates this for a simplified case. 

In addition to the assumptions stated earlier, 
suppose that the sojourn duration is a constant 
rather than a random variable . If one applies the 
intervening-opportunities mode l , the spatial distri
buti on of the first sojourn location (x1 ), given 
that one has left home, is expressed by a negative 
exponen tial f unc tion: 

where 

a 
K 

L(l) 

R,y, 

1 - exp[-SL(l)], 
c maximum distance reachable when only 

sojourn is made (T - d 1 )v/2, and 
duration of the first sojourn. 

(4) 

one 
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The probability of returning home after the first 
sojourn is expressed by using Equation 1 as a func
tion of x1: 

I 
{

aexp[{l(x 1)+(d 1 +d 2 )v] 
P1 (xi) = 

I L(2) < x1 .;; L(l) 
(5) 

where ci is as de fined ear liet:, di is the 
duration o f the s econd s o j ourn, and L(2) = (T - d1 -
d 2)v/2. Then t h e d i s t r ibution o f the first so
journ location from which no further activities are 
pursued is 

1 { Ka:{l exp[Md1 + d 2 )v) 0 < x 1 .;; L(2) 
dF(x 1)P 1 (x1) = 

Kil exp(-{lx 1) L(2) < x 1 .;; L(I) 
(6) 

The distribution of the first sojourn location from 
which further activities are pursued is given as 

0 < X 1 .;;; L(2) 
(7) 

These two distributions are shown in Figure 1. 
The distribution of the first sojourn location 

varies depending on the number of sojourns--in this 
case, exactly one or more than one--and the loca
tions are distributed closer to home in the latter 
case. After manipulating the distribution of the 
second activity location by using the intervening
opportunities concept, the same logic can be applied 
to show that the above tendency holds for the second 

Figure 1. Distribution of sojourn locations in a hypothetical linear city. 
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location or farther for the nth location in gen
eral. The figure illustrates this for up to n = 3. 

This discussion is based on the assumption that 
the opportunities are homogeneously distributed. 
The conclusion that the distribution concentrates 
around home as the number of sojourns increases thus 
cannot be generalized. Therefore, more generally, 
hypothesis 4 can be. stated as follows: The distri
bution of sojourn locations (or trip destinations) 
depends on the number of sojourns in the piith. IL 
should be noted that this hypothesis is derived for 
an extremely simplified case. More rigorous theo
retical support of the hypothesis requires an in
volved analysis that is unwarranted in view of thP. 
study objective. The obvious dependence of a so
journ location on the previous sojourn location, 
however, suggests that the hypothesis applies to a 
more general case where the sojourn durations are 
random at least for relatively small n. 

MULTIPLE-CHAIN PATHS 

The above discussion .:u:rnumed for illustrative sim
plicity that a path consists of a single home-based 
chain of trips. Since hypotheses 1-3 are induced on 
the basis of either the conditional probability of 
permanently returning home or the total number of 
out-of-home sojourns and their durations, they apply 
to multiple-chain paths without modifications. At 
the same time, this implies that the abstract model 
has not d i stinguished between single- and multiple
chain paths. 

One approach to multiple-chain paths within the 
present framework is to assume the existence of ad
ditional constraints on the time-space path. Given 
that a certain set of locations is visited, travel 
cost almost always decreases by consolidating trips 
into one chain. As the earlier discussion has indi
cated, the volume of reachable opportunities keeps 
on decreasing as time proceeds. In light of these 
factors, it would seem more logical for a trip milker 
to make only one trip chain. Therefore, one can ex
pect that, when a path involves more than one chain, 
there are certain constraints that prevent the con
solidation of activities into a single chain; e.g., 
activities are available only during certain time 
periods or the trip maker must return home to per
form some household tasks. Thus, one may conjecture 
that, given the number of out-of-home sojourns, the 
number of home-based chains in a path is positively 
correlated with the magnitude of constraints under 
which the trip maker acts. The conjecture follows 
after one introduces to the abstract model an addi
tional assumption that a trip maker prefers less 
travel expenditure. 

Consideration of travel behavior in a more real
istic context, however, leads to additional state
ments regarding the number of chains in a path. 
Adler and Ben-Akiva <ll hypothesize that the utility 
of an activity would be greatest if it were pursued 
separately from other activities, since one can then 
select the best arrangement for the activities. The 
Adler and Ben-Akiva model has a structure that rep
resents the trade-off between the increased utility 
of the activity and the increased travel expendi
ture. This utilitarian approach thus suggests that 
the number of chains is negatively correlated with 
the valuation of travel expenditure relative to the 
utility of activities perceived by the trip maker. 
Pursuing activities separately, at various times of 
the day, requires the constant availability of ex
pedient transportation. From this, it follows that, 
for a given number of sojourns, the number of chains 
is positively correlated with the mobility of the 
trip maker [the discussion here is critically dif
ferent from those by Bentley and others (~) and Hem-
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mens <lll in that this study is concerned with trip 
consolidation given the number of sojourns to be 
made in the day]. These conjectures are more behav
ioral, and no clear-cut theoretical support can be 
obtained from the abstract model. The next section 
of this paper examines these conjectures together 
with the four hypotheses. After they are statisti
cally tested, the abstract model can be extended to 
enrich its behavioral implications. 

The introduction of iidditional coupling con
straints, as suggested by the first conjecture, in
creases the number of prisms and reduc es the feasi
ble region of the path, as is often illustrated 
<lrlli. Hypotheses 1-4 still apply to the multi
ple-prism case, with slight modifications, as long 
as all prisms originate and terminate at the home 
base. The feasible region of a path that involves 
nondiscretionary activities such as work and school 
is defined by applying a prism to each discretionary 
segment of the path (3,21). The hypotheses pre
sented above, therefor;,~pply to each prism of 
those paths as well. New aspects are the non-home
based chain (e.q., office-based chain during the 
lunch break) and prisms that originate and terminate 
at different locations. This calls for modification 
of the hypotheses, especially hypothesis 4, if the 
statements are to be made for the entire path. For 
practical purposes, however, dealing with respective 
prisms would be sufficient. 

Before the findings of the empirical analysis are 
presented, some limitations must be discussed. The 
first problem is that the prism is not observable. 
In the review of previous travel-behavior models 
presented earlier in this paper, it was assumed that 
the origin and destination coupling constraints are 
known constants. Of course, this is not the case in 
empirical data analysis. A trip maker may have sev
eral prisms that restrain his or her path even when 
he or she does not pursue activities that are obvi
ously nondi s c retiona ry. The distribution of oppor
tuni ti P.s, a nother determinant of the path , is not 
incorporated in the analysis. In addition, this 
study does not explore the behavioral distinctive
ness of trip makers. Although the results presented 
in the next section generally strongly support the 
hypothe ses, these limitations must be kept in mind. 

EMPIRICAL RESULT 

The empirical analysis of this study was conducted 
by using the 1965 Detroit Area Transportation and 
Land Use Study (TALUS) data set. The characteris
tics of the area are discussed elsewhere (24). The 
data set consists of a household sample of trip rec
ords that include i nformation on the entire set of 
trips made by each member cf the household on the 
survey day and socioeconomic information on the 
individual and the household. In this study, ap
proximately 10 percent (32 100) of the original trip 
records were sampled according to residential loca
tions. The sampling used nine geographic areas, se
lected to represent a wide spectrum of socioeconomic 
status. The only individuals used in the analysis 
were those who (a) pursued at least one out-of-home 
activity on the survey day, (b) had a closed home
based path, (c) had at least one car available to 
the household, (d) held a driver's license, (e) were 
at least 18 years old, (f) made the trips by car 
(either as a driver or a passenger), and (g) made 
all trips with in the thr ee-county- wide study a rea. 
Such aspects as mode choice are not explored i n this 
study. The sampl e i nc ludes 473 6 i ndividuals who 
sati sfy all t hese conditions , and unless o t he rwise 
ment i oned t he r esults pr esented be low a r e f or the 
1806 trip makers whose paths do not contain work 
trips. Eighty-one percent of those individuals were 
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not in the labor force. A one-day period starting 
at 2:30 a.m. and ending at 2:29 a.m. is used as the 
study period. 

An overview of the data set is presented in Table 
1 in terms of the number of chains and the number of 
sojourns on the survey day. Whereas approximately 
one-third of the 1806 individuals made only one non
work, out-of-home sojourn, about 45 percent of the 
sample made three or more sojourns. The multiple
sojourn chain is a quite common phenomenon among 
this sample of 1806 individuals: Among those who 
made more than one sojourn, 78 percent (or 936 trip 
makers) had at least one multiple-sojourn chain. 
Other overall statistics of interest are as fol
lows: Average number of trips per trip maker 
4.51, average number of sojourns per trip maker 
2.85, average number of chains per trip maker 
1.66, and average number of sojourns per chain 
1. 72. 

There is no notable difference in Table 1 between 
the aggregate statistics for trip makers who made no 
work trips and the 2930 trip makers who made work 
trips. The marginal distribution of the number of 
chains, however, shows a significant difference be
tween the two groups. The group with no work trips 
has a higher representation of paths with larger 
numbers of chains (three or more), whereas the sec
ond group has a higher-than-expected frequency of 

Table 1. Distribution of trip makers by number of chains and sojourns in 
path. 

Number Number of Trip Chains 
of 
Sojourns 2 

Trip Makers Making No Work Trips 

I 611 
2 219 180 
3 98 132 59 
4 52 78 50 
5 27 39 28 

;. 6 28 57 56 
Total 1035 486 193 

Trip Makers Making Work Trips 

I 966 
2 212 506 
3 218 206 69 
4 75 139 46 
5 52 76 36 

;.6 76 135 58 
Tot.I 1599 1062 209 

Figure 2. Time variations in relative frequencies 1. 0 
of returning home permanently for the day. 
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two-chain paths. This is intuitively agreeable, 
since one can expect that the second, nonwork activ
ity is quite often pursued separately, after the 
trip maker returns home from work . The contingency 
table formed by the two column-total rows is highly 
significant (x 2 = 82.2 with 3 df). No notable 
difference was found in the distribution of the num
ber of sojourns between the two groups. Overall 
statistics for the second group are as follows: Av
erage number of trips per trip maker = 4.40, average 
number of sojourns per trip maker = 2.82 (1.39 when 
work is excluded), average number of chains per trip 
maker = 1.57, and average number of sojourns per 
chain = 1. 79. 

Figure 2 shows the relative fr equency of return
ing home permanently for the day, given that a so
journ is completed outside the home base within re
spective 1-h time periods. The observed relative 
frequency serves as an estimate of the conditional 
probability of returning home, a critical element in 
stochastic analysis of the path. In general, the 
figure, with its clearly increasing frequency of re
turning home as time proceeds, supports hypothesis 
1. The increasing tendency shown in the figure was 
tested by weighted least-squares regression using 
legit, which is defined as ~n(fi/fi'l where 
fi is the observed frequency of returning home 
during time period i and fi' is the observed fre
quency of not returning home. The result naturally 
yielded a highly significant positive coefficient of 
time (t-statistic = 3473 with 18 df). 

A "dip" in the early evening periods, however, is 
notable. This is presumably a result of after
dinner activities such as social visits and shop
ping. As Damm (]d) noted, human activity can be al
located by considering several time periods of the 
day, each of which is perceived to have distinguish
able characteristics and to be appropriate for a 
particular set of activities. The model used here 
is obviously too abstract to repres.ent such an as
pect of human behavior, although some immediate mod
ifications, such as time-dependent opportunity den
sity, would replicate the observation. However, the 
central focus of hypothesis 1--that the relative 
frequency of returning home is a function of time-
is clearly indicated in the result. It demonstrates 
explicitly, yet simply, the temporal dependency of 
the behavior, expanding the body of empirical evi
dence C.!l, 23). The result also indirectly supports 
the assumption used by Nystuen in the development of 
his simulation model (~): that the utility of re
turning home increases as time proceeds. 

Figure 3 shows a spatial, as well as temporal, 
dependency of the probability of returning home. 

Ho n 3pm 6 

TIME OF DAY 

Sample: l ,806 tripmakers 
with no work trips 

9pm ~ d
night 

2am 
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The figure is based on the tabulation of travel rec
ords for the 783 trip makers from Warren, Michigan, 
a suburban middle-income community, by developing a 
set of five rings for the area and by tabulating so
journ locations according to those rings [a similar 
set of rings was also developed for the city of Bir
mingham, Michigan (see Figure 4) I. Since the fre
quency of trips to ring 5 in the data set was ex
tremely small, rings 4 and 5 were merged and will 
hereafter be referred to as ring 4. Rings 2, 3, and 
4 are approximat ely 5, 10, and 15 km from the commu
nity center, respectively. The tabulation is for 

Figure 3. Space-time dependence of relative I. 0 
frequencies of permanently returning home 
for the day. 
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~ 

Sample: 783 tripmakers from 
Warren with no work 
trips. 
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trip makers who did not make work trips. 
A temporal tendency similar to that in Figure 2 

can be found in Figure 3. It also exhibits spatial 
dependency of the behavior. The observed relative 
frequency of returning home, given that a sojourn is 
completed outside the home within respective time 
periods, generally increases as the distance from 
home increases. Although a few exceptions can be 
noted, the figure is strongly supportive of hypothe
sis 2. 

The statistical significance of the spat i al and 
temporal effects shown in Figure 3 was examined by 

2am 

Figure 4. Concentric rings developed for Warren and Birmingham, Michigan, and used in the analysis of sojourn locations. 
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using legit multiple classification analysis (26). 
The result indicated that the independent effects of 
time and location are both significant at a = 
0.001 (with, respectively, x• = 285.5, df = 4; and 
X2 = 15.5, df = 2). The time-location interaction 
terms were found to be significant at a = 0.01 
<x 2 = 24.7, df = 8). 

An immediate implication is that spatial interac
t ion patterns vary depending on time. The intensity 
of the interaction is also a function of the dis
tance from the trip maker's home to the present lo
cation as well as the spatial separation between the 
present and the next locations. The result implies 
that one cannot apply a single trip matrix to repre
sent trip makers' movements in general. Each trip 
maker has a unique trip matrix that depends on the 
location of his or her residence. The elements of 
the matrix vary as a function of time, and their 
rate of change possibly varies depending on the dis
tance from home. The result indicates that, in ad
dition to the cost of travel to a destination loca
tion and its attributes, the utility of the destina
tion is also a function of the time of day and the 
distance from home. The result suggests a new, dy
namic approach to spatial interaction analysis {a 
closely related discussion can be found elsewhere 
(_ll)). 

Figure 5. Average sojourn and travel durations by number of sojourns in the 
path for trip makers making no work trips. 

120 

60 

Average sojourn duration plus 
average travel time per sojourn 

Average sojourn duration 

Sample: 1,806 tripmakers 
with no work trips 

NUMBER OF" SOJOURNS IN THE PATH 

6 

Table 2. Average travel time spent per sojourn by number of sojourns and 
chains in the path . 

Number Time per Sojourn by Number of Sojourns (min/activity) 
of Trip 
Chains 2 3 4 

I 34.0 22.3 21.8 19.6 
2 30.3 25.5 23.4 
3 28.7 23.4 
4 18.8 
Overall 34.0 25.9 24.9 22.0 

Note: Sample ~ 1806 trip makers wh o m:itlt! no work trips. 

;;. 5 

20.4 
19.I 
18.8 
20.2 
19.5 
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Another temporal aspect of the time-space path is 
the duration of sojourns. Figure 5 shows the aver
age travel time per sojourn and the average sojourn 
duration by the number of sojourns in the path (for 
the 1806 trip makers with no work trips). The aver
age travel time per sojourn is defined as the total 
travel time divided by the number of sojourns in the 
path. Figure 5 supports hypothesis 3 by showing a 
steady decline in (a) average duration per sojourn 
and (b) average travel time plus average sojourn du
ration per sojourn as the number of sojourns in
creases. Using a Dutch data set, Vidakovic (l.V re
ported a similar result. This tendency is found in 
the present study regardless of the number of trip 
chains. 

The result can be interpreted as an indication of 
the trade-off between the number of activities and 
the time that can be spent for respective activi
ties. This may provide a guideline in formulating a 
utility function for utilitarian analyses of the 
time-space path. At the same time, the result of
fers strong evidence for rejecting the Markovian 
model structure, where the sojourn duration is es
sentially independent of the number of sojourns. 

Table 2 gives the average travel time spent per 
sojourn by the number of out-of-home sojourns and by 
the number of trip chains in the path. The table 
provides support for the assertion that a path is 
more efficient, in terms of travel cost, when more 
trips are consolidated into a chain. The table 
shows that, given the number of chains, the average 
travel time spent per sojourn decreases as the num
ber of sojourns (or number of trips) increases. The 
table also shows the general tendency that, given 
the number of sojourns, the average travel time in
creases with the number of chains or decreases as 
the degree of trip consolidation increases. The 
tendency, however, is not clear when the number of 
sojourns is four or more, presumably because of the 
small sample size of trip makers with a large number 
of sojourns. 

The table also offers support for hypothesis 4 
regarding the correlation between the spatial dis
tribution of sojourn locations and the number of so
journs. When the number of sojourns equals the num
ber of chains (diagonal elements of the table), the 
average travel time presented in the table repre
sents the average length of home-based trips. A 
clear tendency found in the table is that the aver
age length of trips to sojourn locations decreases 
as the number of sojourns increases. Thus, for this 
special case, the spatial distribution of sojourn 
locations depends on the number of sojourns in a 
manner that is compatible with the earlier discus
sion. The differences among the four average travel 
times are generally significant. 

Hypothesis 4 is more directly examined by using 
sample subsets that represent both areas for which 
rings were developed: Birmingham, a high-income 
community, and Warren, a middle-income community 
(Figure 4). Figure 6 shows the result. It should 
be noted that the present result is an extension of 
previous empirical observations of spatial distribu
tions of sojourn locations (l!!,-±..Q.) in that it in
volves an additional dimension, the relation between 
the distribution of sojourn locations and the number 
of sojourns in the path or chain. 

Figure 6a is obtained from the 439 sojourn 
records of 168 trip makers from Birmingham. The 
significance of the difference in the relative fre
quency between two adjacent numbers of sojourns is 
examined by using the difference in the legit and, 
when significant, is shown in the figure in terms of 
the level of significance. The overall tendency in 
the relative frequency is evaluated by a weighted 
least-squares regression of logi t on the number of 
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Figure 6. Distribution of sojourn locations by 
number of sojourns in a day for trip makers 
making no work trips. 
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Figure 7. Distribution of sojourn locations by 
number of sojourns in a chain for trip makers 
making no work trips. 
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Figure 6a clearly indicates that the relative 
frequency for ring 4, which is the farthest ring and 
includes downtown Detroit, decreases as the number 
of sojourns per day increases. The result is again 
consistent with the earlier discussion. The statis
tical significance of this decreasing tendency was 
tested by a rank-ordering method using the legit 
(.£!!), and the tendency was found to be significant 
at a = 0.05. The weighted least-squares analysis 
also showed a significant slope (at a= 0.001). 

Figure 6a shows that the relative frequency of 
trips to ring 2, the area immediately adjacent to 
Birmingham, tends to increase with the number of so
journs whereas that of Birmingham itself is rela
tively invariant. The indication is that, as the 
number of sojourns increases, the trajectories of 
trip makers' movements tend to contract into a rela
tively small area within and around the area of res
idence (rings 1 and 2 form approximately a rectangle 
of 13 by 11 km) • 

The result of the 783 trip makers and 2265 so-
journs for Warren is also shown in Figure 6b~ The 
tendency, however, is contrary to that found for 
Birmingham. The relative trip frequency for ring 4, 
which also includes downtown Detroit, increases as 
the number of sojourns increases (significant at 
a = 0.001). On the other hand, those for ring 1 
(residence zone of the trip maker) and ring 1 plus 
ring 2 decrease with the number of sojourns (both 
significant at a= 0.01). It appears that this 
group of trip makers from Warren tends to make mul
tisojourn trip chains that involve ring 4 [a similar 
observation can be found elsewhere (19)]. 

Figure 7 shows the spatial distribution of so
journ locations by the number of sojourns in each 
chain. The figure for Birmingham again shows the 
tendency that sojourn locations tend to concentrate 
around the area of residence as the number of so
journs in the chain increases (significant at a = 
0.05). The tabulation for Warren, on the other 
hand, clearly indicates an increased relative fre
quency of visits to ring 4 when a chain involves a 
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larger number of sojourns 
0.001). 

(significant at a = 

The spatial distributions of opportunities rela
tive to the two areas are, of course, substantially 
different. Since Warren is located closer to De
troit than Birmingham, its proximity to areas with 
high opportunity density may be the source of the 
above divergence between the two. The model of this 
study can easily be generalized to explain this 
(note that homogeneity in the opportunity distribu
tion was assumed in the discussion leading to hy
pothesis 4). Overall, the result here confirms the 
hypothesis that the spatial distribution of sojourn 
locations varies depending on the number of sojourns 
in the path. The result at the same time suggests 
possible behavioral distinctiveness [e.g., differ
ence in the perceived "action space" (.£2_) l between 
the two areas, which, however, is not within the 
scope of the abstract model. 

Similar tabulations of sojourn locations are 
shown in Figure 8 for those trip makers from the two 
areas whose paths involved work trips. These paths 
are constrained by more than one prism whose exact 
size and location in the time-space coordinates are 
unobservable. Figure 8, which shows the distribu
tion of sojourn locations by the number of sojourns 
in the path, exhibits a clear tendency that indi
cates that ring 4, which includes downtown Detroit, 
gets an extremely large share of the trips made by 
trip makers who pursue only one sojourn (work) a 
day. This is an obvious result, since the relative 
frequency in this case is identical to the distribu
tion of the work locations of these trip makers. 
The reduced share of ring 4 thereafter (significant 
at a = 0.001) indicates that the rest of the ac
tivities tend to be pursued in the relative vicinity 
of the area of residence, presumably because sojourn 
locations are constrained by relatively small 
prisms, e.g., between work and home. Overall, the 
result again confirms the dependence of sojourn lo
cations on the number of sojourns. No differences 
are notable between the two areas for those trip 
makers who had work trips in their paths. 

Unlike the other hypotheses, the first conjecture 
regarding the number of chains in the path is not 
directly testable since no measurements are avail
able that represent the magnitude and nature of con
straints on the path. Many of the 1806 trip makers 
who did not make work trips are homemakers. Thus, 
it is expected that they may have been responsible 
for larger shares of household chores, especially 

Figure 8. Distribution of sojourn locations 
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child care. This would create various types of con
straints on the trip maker's behavior (l.Q_,1!_). 
Therefore, the study took the approach of using the 
life-cycle stage as a proxy for the constraints and 
explored its relation with the number of chains. 
The latter is viewed as a characteristic of the path 
that represents the magnitude of constraints. 

Figure 9 shows the distribution of the number of 
chains by five life-cycle categories conditioned on 
the number of sojourns per day (two, three, four, or 
more). The trip makers in households where the 
youngest child is between 5 and 17 years old (life
cycle category 3) have a very small frequency of 
making only one trip chain per day, especially when 
the number of sojourns is large. This is an ex
pected result, since children of school age would 
create a larger magnitude of constraints for the 
caretaker, and it supports the finding of Jones and 
others (31) . 

A similar contingency analysis was conducted by 
using the number of cars available as a proxy for 
mobility and using income as a proxy for the valua
tion of travel expenditure. The results are shown 
in Figure 9, which indicates no clear tendency be
tween income and the number of chains and suggests 
that the 1965 sample of the 1806 individuals was 
rather insensitive to the travel cost of intraurban 
nonwork trips. The tabulation for the number of 
cars available, on the other hand, exhibits a ten
dency that indicates that the number of chains in 
the path increases with the number of available 
cars. Although the indication is statistically 
weak, it points out another aspect of urban travel 
behavior as a time-space path. 

CONCLUSIONS 

After integrating several well-known concepts into 
an abstract model, this study has inferred and em
pirically examined several hypotheses that focus on 
the temporal and spatial aspects of urban travel 
patterns. The empirical results indicate that the 
relative frequency (or estimated conditional proba
bility) of a trip maker returning home is, in gen
eral, an increasing function of the time when and 
the location where the transition occurs. Another 
temporal aspect of the path is the dependence of the 
average sojourn duration on the number of sojourns 
in the path. The results also showed the dependence 
of the spatial distribution of sojourn locations on 
the number of sojourns. A strong correlation was 
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number of chains Figure 9. Distribution of 
by socioeconomic attribut es of trip makers. 

NUMBER OF SOJOURNS IN THE PATH 
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4>The row is excluded from the analysis due to the extremely small sample size. 

found between the number of chains and trip makers' 
life-cycle status, which suggests varying magnitudes 
of constraints under which those segments of the 
population act. 

The model developed here can be cl.issifiCJd ao a 
stochastic-process model. Thus, the study's first 
implication is the explicit rejection of the Markov
ian assumptions often used in analyzing trip-chang
ing behavior. The temporal-spatial dependence found 
above is not compatible with the Markovian time
homogeneity assumption. The dependence of spatial 
distributions of sojourn locations on the number of 
sojourns and the interrelationship between sojourn 
duration and the number of sojourns all imply that 
the Markovian history-independence assumption is in
appropriate when applied to this behavior. 

On the other hand, certain aspects of travel be
havior may be well represented by a Markovian 
model. For example, an empirical tabulation pre
sented by Bentley and others (6) indicates that the 
number of sojourns in a chain can be represented by 
a geometric distribution that assumes a Markovian 
decision process in trip making. Although our re
sults do not support the application of the Markov
ian models in the time-space framework, further ex-

useful applications of those models. The above 
findings also indicate the direction in which the 
Markovian models can be modified for better repre
sentation of travel behavior. 

The findings of the study also have certain im
plications for the utilitarian approach to the mod
eling of trip behavior. The negative correlation 
between the number of sojourns and the average so
journ duration is suggestive of a trade-off between 
these two factors, both of which would be important 
components of the utility function. The dependency 
on time and location of the transition frequencies 
to home indicates that the utility of an activity 
may be best specified as a function that involves 
those two factors. The temporal and spatial ele
ments are probably key components of the utility 
function. 

Spatial and temporal aspects of travel behavior 
are inseparable, perhaps simply because the path 
evolves in the time-space dimension. Patterns of 

spatial interaction will vary depending on time, 
whereas travel decisions will vary depending on the 
location where they are made. The spatial and tem
poral characteristics of a path also depend on other 
characteristics of the path, such as the number of 
sojourns. Obviously, many intricate relations are 
embedded in the observed time-space path. 

This study has shown that a simple, abstract 
model can be used in unwinding these relations so 
that some may then become observable. The basic 
space-time characteristics illustrated in this study 
may guide further quantitative modeling efforts and 
delineate empirical analysis of the complexity of 
travel behavior. 
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Implications of the Travel-Time Budget for Urban 
Transportation Modeling in Canada 

A. CHUMAK AND J.P. BRAAKSMA 

The travel-time-budget concept, which examines regularities in the allocation 
of travel time in urban areas, is investigated. Previous analysis of three U.S. 
cities suggests that the daily travel-time budget is approximately 1.1 h/traveler. 
The objective of this research is to (a) verify the theory in Canada and (b) de
termine the practical implications for transportation planning. Analysis of 
home interview surveys in Calgary, Toronto, and Montreal supports the conclu
sions previously developed in the United States. A detailed analysis of the 
Calgary data indicates that the travel-time budget is not affected by such fac
tors as mode of travel, trip purpose, automobile ownership, or location of 
residence with respect to the central business district. Several practical appli
cations of the concept are developed, including a procedure for conducting 
an independent validity check of conventional travel forecasts . This process 
is very simple to conduct and allows forecasts to be verified by using a differ
ent model. The travel-time budget is also a useful tool for developing equilib-

rium travel forecasts. Equilibrium models relate travel demand to available 
capacity and may reduce the demand for nonessential trips during peak periods. 
Further research is recommended on the application of the travel-time budget 
to other aspects of urban travel forecasting, including traffic assignment, modal 
split, and evaluation of personal mobility. 

Since the early 1950s, several transportation 
planners and economists have suggested that 
individuals allocate a certain budget for the 
purchase of transportation goods and services. 
Tanner (!_) produced the first empirical evidence to 
support the hypothesis that households allocate a 
fixed portion of their income for transportation. 




