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Sequential Model of Interdependent Activity and 

Destination Choices 

RYUICHI KITAMURA and MOHAMMAD KERMANSHAH 

ABSTRACT 

A sequential model of daily travel patterns 
that consists of activity and destination 
choice submodels is developed in this study. 
The model development takes into account the 
interdependencies among the choices and the 
constraints imposed on the movement in time 
and space. The empirical analysis indicates 
that non-home-based destination choice is 
critically dependent on the residence loca­
tion of the individual and that activity 
choice is influenced only marginally by the 
accessibility of the origin location. As a 
practical and immediate modification of non­
home-based destination choice models, it is 
proposed in this study that destination-to­
home travel time be included as a factor 
that enables a more realistic depiction of 
spatial travel patterns. 

In previous efforts (1,2) the authors have examined 
the properties of activity choice that are directly 
related to generation of trips and their temporal 
distribution over a 1-day period. The results have 
revealed the characteristics of time-of-day depen­
dencies of activity choice and revealed patterns in 
sequencing activities in trip chains. Analysis of 
the dependence of activity choice on its own history 
indicated that activity history may be represented 
in a simple manner for use in travel behavior analy­
sis. This study draws on the previous efforts and 
expands it by introducing the spatial dimension into 
its scope. 

The ultimate objective of this continuing effort 
is to develop a practical model system that makes 
possible a more realistic depiction of complex daily 
travel behavior. The effort and the resulting models 
can be characterized by the following two aspects. 

The first is its explicit recognition and incorpora­
tion into the model structure of the fact that trips 
made by an individual are linked to each other. This 
leads to the emphasis in this study of the interde­
pendencies among choices that underlie the entire 
daily travel and activity pattern. In other words, 
this study does not isolate a trip or a travel 
choice from the rest to be analyzed independently. 
Second, the effort acknowledges that the movement of 
an individual is constrained in time and space be­
cause of various factors, including the social com­
mitments, obligations, limited transportation capa­
bilities, and physiological needs of the individual 
Cl-!>• The constraints are most typically associated 
with activities that allow little scheduling flexi­
bilities such as work, chauffeuring children to 
school, or having lunch during a lunch break. This 
study therefore emphasizes, among others, time-of­
day dependencies of activities and trips. 

A system of models is developed in this study. It 
consists of home-based and non-home-based destina­
tion choice models that incorporate the effects of 
trip continuity together with those of time of day. 
The activity choice models of this study are ex­
panded to include, in addition to the variables used 
in the previous study (2), spatial factors such as 
the travel time between the home base and the origin 
activity location and the accessibility from that 
location. 

The objective of this study is, first, to iden­
tify the extent to which destination choice is in­
fluenced by factors other than the traditional vari­
ables (i.e., the origin-destination travel time and 
the attributes of alternative destination loca­
tions). More specifically, the study is an endeavor 
to show that the location of an individual's home 
and the locations of alternative destinations rela­
tive to the home location critically influence. non­
home-based destination choice. The second objective 
is to identify the effects that spatial factors have 
on activity choice, either independently or jointly 
with other factors, including time of day, activity 
history, and socioeconomic characteristics of the 
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individual. Note that the effects of the latter 
group of variables have been studied earlier (_~) , 
and accessibility indices as spatial factors have 
'"'~+,..," n,..,.,..," 11"~~ -I" pr,.,.o-1 nn~ .. .,..,.,,.,::i,, 1 hoh::ini nr ::in::i 1 yc;i~f: 

(.!,!Q.) • The intention of this study is to achieve a 
more comprehensive treatment of these factors in 
analyzing daily travel patterns. The~~ intricate in­
teractive effects are examined through statistical 
hypothesis testing that involves specification and 
estimation of alternative destination and activity 
choice models. Based on the results of the study, a 
practical modification that can be made to destina­
tinn r.hnir.p mni'IPls for improved depiction of spatial 
travel patterns is proposed . 

BACKGROUND 

Formulations of destination choice models are typi­
cally based on the assumption that the tr i p i s made 

location will be visited after the individual leaves 
home. Non-home-based choice, where the origin of the 
trip is not the home base, is analyzed while iso­
lating the trip from the rest as an independent unit 
of analysis. Accordingly, the behavior of linking 
trips into a multiple-sojourn chain is not appropri­
ately taken into consideration in the conventional 
analyses. This simplificat i on is implicit in the be-
hwvior~l c~ s t~tistical da:ivations cf commonly use d 
trip distribution models such as the gravity model 
(11-13). The simplification also makes possible 
formulation of spatial choice models while using as 
explanatory variables only the attributes of respec­
tive destination alternatives and the spatial sepa­
ration between t he origin and des t ination. The 
models thus developed appear to capture the observed 
tendencies in spatial travel patterns with their 
simple model structure and with a relatively small 
set of explanatory variables. Nevertheless, this 
simplification may impose se r ious limitations when 
attempting to expand the scope of the analysis to 
include multiple-sojourn trip chains. Further dis­
cussions of the limitations and problems arising 
from the assumption can be found in Hanson (14,15). 
[This study focuses on trip linkages and constraints 
in its effort of extendinq the framework of destina­
t ion c hoice analy sis. Possible alte rnative deve lop­
ments are discussed elsewhere (16-18), with emphases 
on additional factors and behaviorai"" aspects. l 

An alternative approach is to acknowledge that 
choices underlying daily travel and activity pat­
terns are interdependent (~). This can be done by 
analyzing travel choices as a simultaneous decision 
that is conc erned with the enti r e daily ac tivity and 
travel pattern (20-.?.3.) , or by analyzing the series 
of choices sequentially (23,24). In the latter case, 
interdependencies can be -;;counted for by specifying 
the choices as dependent on the past history of ac­
tivities (!,ll, by viewing them as dependent on pos­
sible future behavior (25), or possibly on both. The 
interdependencies are -;;fleeted in the models of 
this study through activity choices that are assumed 
to be history dependent, and destination choices 
that are specified as, to an extent, dependent on 
the future. 

By viewing the destination choices in an individ­
ual's daily travel pattern as interrelated choices 
and recognizing the fact that his travel pattern 
develops around the home base, it is hypothesized 
that the residence location of the individual is of 
critical importance in explaining the non-home-based 
destination choice. Note that the residence location 
has not been included in previous analyses of desti-
11c1l...1.vu (;hoic~. However, the Vt:! ry i:acL L.Ud.l.. the ifo.:li ­
vidual sooner or later returns home in the future 
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suggests that the choice is influenced by the loca­
tion of the home. 

For example, consider the choice of a shopping 
opportunity by a worker on the way back to home from 
the work place. This destination choice for the non­
home-based shopping trip is influenced by the loca­
tion of t he home bec ause it is dependent on the in­
tended future behavior, in this case, returning 
home. Accordingly, the choice cannot be explained by 
the conventional fac tors alone, but its explanation 
requires that additional facto r s be i ntroduced i nto 
the analysis. The distance between the alternative 
destination and home appears to be a promising can­
didate variable that may well explain this type of 
future dependency. 

The importance of the residence location as a 
fl'lr.tnr in nnn-hnmP-based destination choice models 
can be seen in the fol l owing discussion, which em­
phasizes the constrained nature of urban travel 
choice. Individual s are typically subjected to cer­
tain constraints as to the locations where they can 
be at various time periods of the day. In other 
words, the range of locations where the individuals 
can exist is confined within a limited region in the 
time-space coordinates, which is often called a 
prism(]). This constraint will affect the choice of 
both activities and their locations. 

Suppose that an individual located outside the 
home wishes to visit another location for an out-of­
hume activity~ but he must I"~turn home by time T. 
The time available for the out- of- home activity and 
travel is T - t, where t is the present time. Let i 
be the location where the inn i v i dual is c urrentl y 
located, and j be the potential d e stina tion. The n 
the following relation must be satisfied for loca­
tion j to be accessible: 

(I) 

where dij is t he travel time between locations i. 
and j , and dj h is tbe travel time between j and 
t he home base . The i nequality indicates t hat the 
destination- to-home travel time (djhl is an impor­
tant e l e me nt in destination choice under the prism 
constraint. 

Additional evidence for the importance of the 
residence location is given by the following empiri­
cal observation of the series of destination choices 
in a trip chain. By applying the log-linear model of 
contingency table analysis to a large-scale origin­
destination survey data set, Kermanshah (~) found 
that there exists a predominant pattern into which a 
set of destination locations to be visited are fre­
quently arranged in a trip chain: The individuals 
tend to visit farther locations first, and subse­
quent destinations tend to be closer to home or 
cluster in the vicinity of the preceding locations. 
The finding implies that the home location is again 
of critical importance in adequately capturing the 
pattern of sequencing the locations visited in a 
trip chain. 

MODEL FORMULATION 

The activity and destination choice models of this 
study are formulated by using a two-stage approach, 
where activity choice and destination choice are 
separately modeled; choice of destinations given the 
out-of-home activity type is first modeled, and then 
activity choice models are developed. Accordingly, 
the destination choice models include as alterna­
tives only nonhome destination opportunities. The 

thi= ... ,_ _ - -.!1-, __ ._.,___ -~ .... ,,t:: IUVU~.L ay a11..ic:111 ....,L 

study is described in detail elsewher e (24). It is 
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worthy to note that a similar activity-location 
model system has been developed by van der Hoorn 
( 27) with emphasis on determining trip generation 
based on temporal tendencies in activity engagement 
and also on differentiating in-home and out-of-home 
activities, 

The non-home-based destination choice model of 
this study is formulated as 

Pa (ij,t) = exp [V,(ij,t)] /~k exp [V,(i,k,t)] 

V,(ij,t) = V(d;j, djh, Aj, t, y) 
} for j = 1 ... , J 

where 

J 
a = 

number of destination alternatives, 
type of the activity for which the 
choice is made, 
probability that destination j will 

(2) 

be chosen by individual i at time t to 
pursue an activity of type a, 

Va (i,j ,t) measure of attractiveness of desti­
nation j when visited from i at time t 
to pursue an activity of type a, 
vector of attributes of destination 
j, 
time of day, 
activity history, 
travel time between origin i and 
destination j, and 
travel time between home hand lo­
cation j, 

The multinomial logit model, which has been used in 

TABLE 1 Variables Considered in Model Development 

Variable Group 

Destination attributes (Aj) 
Population 
Retail employment 
Nonretail employment 

Travel time ( d) 
Origin-destination travel time 
Home-origin travel time 
Home-destination travel time 
0-1 dummy for dih - djh 

Accessibility index (I,) 
Accessibility of zone i for activity type a at time t 

Time of day (t) 
Function of time of day 
Store hours (0-1) 
Business hours (0-1) 

Activity history (y) 
Activity engagement in previous chains in 

Personal business 
Social recreation 
Shopping 
Serving passengers 

Activity engagement in the current chain in 
Personal business 
Social recreation 
Shopping 
Serving passengers 

Current activity 
Personal business 
Social recreation 
Shopping 
Serving passengers 

Out-of-home time 

No. of chains 
Socioeconomic attributes (e) 

School-age children 

Household role 
No. of children 

Household income 
No. of cars 

Abbrevi­
ation 

POP 
REMP 
NREMP 

PBNSOIH 
SRECOIH 
SHOPOIH 
SRVPO!H 

PBNSOIC 
SRECOlC 
SHOPOIC 
SRVPOIC 

PBNS 
SREC 
SHOP 
SRVP 
OHTIME 

CHAINS 

SCHLAG 

ROLE 
CHLDRN 

INCOME 
CARS 
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many previous a nalyses of spatial choice (28-lQ.), is 
used here a s the model structure. The r epresentat i ve 
utility or attractivene ss measure of destination j 
!Va(i,j,t) ] is time-of-day dependent a nd i s f ormu­
lated with the d istance measure (,djhl , the travel 
time between the home base and destination j, This 
is in addition to the conventional origin-destina­
tion travel time (d ijl . Other factors considered 
in the model development are act ivity history, time 
of day, attributes of destination locations, and 
socioeconomic attributes of the individual, The 
variables used are summarized in Table 1. Not all of 
the variables in the table appear in the final 
models selected in this study. 

Noting that the individual's time budget for ac­
tivity and travel becomes tighter as the day pro­
ceeds, it is expected that the valuation of travel 
time vari·es depending on the t i me of day; presumably 
the individual is less willing to take a long trip 
at the end o f the day than in the beginning of the 
day, Such a time-dependent nature in destination 
choice can be represented in the model by introduc­
ing an interaction term that involves time-of-day 
and travel time variables. Similar terms can be used 
to represent a possible history dependency in desti­
nation choice, 

The emphasis placed in this study on temporal 
dependencies of activity and travel requires that 
time of day be explicitly incorporated into the 
framework of the model. This leads to the formula­
tion of the model where the attraction measure of a 
destination is defined as a function of the time of 
day as well as its attributes, such as retail em­
ployment. This is based on the belief that activity 

Definition 

ln[(zonal population)/ 1,000] 
ln[(zonal retail employment)/ 1,000] 
ln[(zonal nonretail employment/I ,000] 

Time (min) obtained from off-peak network skim trees 

I if d;h - djh > O; 0, otherwise. 

In ii exp[V8 (i,j,t)] 

t, t2 , exp(t), exp(-t), ln(t); tis in hours 
I if tis between 9:00 a.m. and 9:00 p.m.; 0, otherwise 
I if tis between 8 :00 a.m. and 5 :00 p.m.; 0, otherwise 

Binaty varlJJblt: I if activities of the indicated type were pursued in the trip 
chains previously made 

Binary variable: I if an activity of the indicated type has been pursued in the 
current trip chain 

Binary variable: 1 if the current activity is of the indicated type 

Cumulative amount of time spent so far outside home for both trips and ac­
tivities 

Cumulative number of home-based trip chains made so far 

Binary variable: I if the age of youngest child iu lite ltuusehu)li is lJelween 5 
and 12; 0, otherwise 

llfnury variable: 1 if an individuol is female and not employed; 0, otherwise 
Number of household members who are 17 years old or younger and not mar­

ried 
Median value of the household's annual gross income category($) 
Number of cars nv111lable to the housohold 
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and destination choices are made on the basis of the 
availability of functions that accommodate and fa­
cilitate the pursuit of intended activities, but not 
the physical existence of the facilities themselves 
(l!J, For example, a department store after it has 
closed in the evening should not be counted as a 
destination opportunity. In order to represent such 
temporal variations in the availability of opportu­
nities, variables were developed that represent 
typical business and store hours, Note that the in­
clusion of the time-of-day-dependent attraction mea­
sures in the model offers a mechanism for evaluating 
the chanqes in activity and travel patterns that 
correspond to changes in the availability over the 
1-day period, 

The alternatives of the non-home-based activity 
choice model include four activity typ"'" (p.,,:,;u11<1l 
business, shopping, social recreation, and serving 
passengers) and two returning-home options (i.e., 
ret!.!rnin~ home temporarily; and r~t,_H·ninq tiomie, p~r­
manently), The last alternative implies that the 
out-of-home activity schedule of the flay will be 
terminated. This study hypothesizes that choice of 
activity type depends on the distribution of oppor­
tunities around the origin location, For example, if 
the individual who has just completed an out-of-home 
activity is located in an area with intense commer­
cial development, the individual may be more likely 
to pursue additional shopping activities, This ef­
fect is teptesented by i:.he following accessibilii:.y 
index defined for location i (_!!,10): 

Ia(i,t) =In { ~i exp [V3 (i,j, t)]} (3) 

where the Va(i,j,t) 's are obtained from the non­
home-based destination choice models, This index 
represents the expected maximum utility; that is, 
the expected utility of that dai.tination that ia 
most, attractive to the individual who intends to 
pursue activity of type a and is located at i at 
time t. Inclusion of the Ia(i,t) 's for all activ­
ity types would indicate the relative attractiveness 
of the respected types of activities, Note that the 
accessibility measure is a function of the travel 
time to opportunities from i, and may be viewed as a 
proxy variable for travel cost for activity engage­
ment from that location. Also note that the measure 
is time-of-day dependent, and that the activity 
choice model takes on the form of the nested logit 
model, Another spatial factor considered in the non­
home-based activity choice model is the distance of 
the origin location from the home base. 

The home-based destination choice model has the 
same logit form. The model development effort con­
siders the traditional factors (dij and Ajl and 
also the variable s representing the past history of 
activity and travel as well as time of day. The 
home-based activity choice model is similar to the 
one developed in the earlier effort (1), The types 
of variables included in the four types of activity 
and destination choice models are given in Table 2, 

DATA SET 

The statistical analysis of this study uses a sub­
sample of the 1977 Baltimore travel demand data set, 
The subsample is almost identical to the one used in 
the previous effort of activity choice model formu­
lation (1), and includes adult individuals whose 
daily trip records are complete and consistent, and 
whose households had access to a car. Only those in­
dividuals who did not make work trips on the survey 
day are analyzed in this study. The activity choice 
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TAB LE 2 Variables Examined in Development of Activity and 
Destination Choice Models 

Variable Group 

Destination attributes (Aj) 
Travel Time 

dij 
dih 
djh 

A r.r.r.ssihility index 
[I.(i,t)) 

Time of day (t) 
Activity history (y) 
Socioeconomic attributes 

(e) 

Destination Choice 
Model 

Home Nonhome 
Based Based 

X X 

X X 

X 

X X 
X X 

X X 

Activity Choice 
Model 

Home 
Based 

X 
X 
X 

X 

Nonhome 
Based 

X 

X 
X 
X 

X 

Note: X indicates that the variable group is examined in the model development. 

analysis excludes weekend trip records because of 
the obvious differences in time use patterns between 
weekdays and weekends, The sample screening cri­
teria, which are similar to the ones used in pre­
vious studies (l,2,6,B,26,32), are used here with 
the intention of-~ntroiling the sample so that the 
travel environment within which the individuals' 
activity and travel patterns develop will be rela-
tively homogeneous. Such a controll~d s~mpl~ ~nd the 
resulting internal homogeneity are believed to aid 
in the effort of interpreting the results and infer­
ring causal relationships by simplifying these 
tasks. The current sample is slightly smaller than 
the one used in the previous study (1) because a new 
set of screening criteria, which are concerned with 
the consistency of spatial information, is intro­
duced in this study, Because only aggregate measures 
of the attributes of destination alternatives are 
available in the data file, the analysis uses 70 
planning districts as the alternatives of destina­
tion choice, 

The resulting sample used in the development of 
activity choice models includes 343 home-based 
choices and 550 non-home-based choices in 343 trip 
chains made by 209 individuals, Unfortunately, the 
sample size is not large enough for estimating des­
tination choice models by activity types, and week­
end observations had to be included in order to 
facilitate the estimation process, The sample used 
for the development of the destination choice models 
of this study includes 64 7 home-based choices and 
354 non-home-based choices with nonhome destinations, 

ESTIMATION RESULTS 

The key question in the empirical analysis is 
whether the traditional destination attraction mea­
sures and origin-destination travel time adequately 
explain destination choice behavior, or whether ad­
ditional factors, such as the distance between an 
alternative destination and the home base, should be 
introduced into the model. Another interesting as­
pect to be examined is the interplay of temporal and 
spatial factors, The temporal variables may influ­
ence destination choice, and the temporal and spa­
tial factors mav jointly or independently affect 
activity choice. 

Non-Home-Based Destination Choice Models 

The model coefficients are estimated by using, as 
the choice set, 12 randomly selected destination 
alternatives and the destination that was actually 

-
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TABLE 3 Non-Home-Based Destination Choice Models 

Activity Type 

Personal Business8 

Coeffi- t-
Variable dent statistic 

dij 
In{t)d1j -0.0592 -6.02 
djh -0.1391 -5.89 
In(t)djh 
POP 0.3363 1.55 
(REMP)D,(t) 0.3557 2.37 

Note: Variables are defined in Table 1-
8 Includes serving passengers. 

TABLE 4 Summary Statistics for Table 3 

1.(0) 
I.(~) 
Sample size 
p2 = 1 - ~)/1.(0) 
x2 
df 

Activity Type 

Personal 
Business3 

-307. 79 
-151.84 
120 
0.507 
311.90 
4 

Social­
Recreation 

-266.76 
-153.58 
104 
0.424 
226.36 
3 

Shopping 

- 333.44 
-134,79 
130 
0,596 
397.30 
3 

Note: L((3) = log-likelihood with the model coefficients; L(O) = log-likeli­
hood without any coeffidents; and the chi-square values presented are 
defined as-2[L(O)- L(~)]. 
8 Includes serving passengers. 

chosen. Because of the insufficient sample size, two 
activity types--personal business and serving pas­
sengers--had to be grouped together in this non­
home-based destination choice modeling. 

The final models selected (Tables 3 and 4), after 
examination of a large number of alternative model 
formulations, are rather simple and involve only 
three groups of variables: time of day, travel time, 
and attraction measures of the destination. Models 
with interaction terms consisting of travel time 
measures and history variables or socioeconomic at­
tributes were estimated to evaluate the effects of 
the latter variables on destination choice, espe­
cially on the trip length. Effects of the socioeco­
nomic attributes and activity history, however, were 
not evident from the model specification effort of 
this study. 

The estimation results confirm the hypothesized 
importance of the travel time between the destina­
tion and home. Inspection of the t-statistics indi­
cates that this variable is at least as significant 
as the traditional origin-destination travel time. 
Its significance is especially notable for the so­
cial-recreation activity. The same conclusion can be 

Social-Recreation Shopping 

Coeffi- t- Coeffi- t-
cient statistic cient statistic 

-0.0824 -3.87 
-0.0640 -6.29 
-0.1792 -6.46 

-0.0617 -7.38 
0.5410 2.85 

0.6871 5.18 

obtained from the data in Table s. The table pre­
sents another set of destination choice models that 
were estimated without the time-of-day effects in 
order to make the comparison of the relative effects 
of dij and d~h easier . It can be seen that djh 
has a coefficient v,;1.lue and t-statistic close to 
those of dij in the models for personal business 
and shopping . In the model for soc ial-·recreation, 
both its coefficient and t-statistic are twice as 
much as those of dij• 

The estimated effect of this variable is illus­
trated here by using the example discussed earlier. 
Suppose that an individual at a nonhome location (i) 
is making a destination choice for shopping. There 
are two opportunities, j and k, with identical at­
tributes (i.e., Aj ~ Ak ) a.nd the s ame d istance 
away from i (di· = dik) . Opportunity k, however, 
is t wice a s far ~rom the home base as opportunity j 
(dkh = 16 min, and d,h = 8 min). This is shown in 
Figure 1. The conven£ional destination choice model 
would predict the identical choice probability for 
the two opportunities. The estimated shopping des-

Note: Number indicates travel time (min) , 

FIGURE 1 Effect of residence location on non-home-based 
destination choice. 

TABLE 5 Alternative Non-Home-Based Destination Choice Models Without 
Time-of-Day Effects 

Activity Type 

Personal Social-
Business Recreation Shopping 

Coeffi- t- Coeffi- t- Coeffi- t-
Variable cient statistic cient statistic cient statistic 

d1J -0.1532 -6.01 --0.0814 -3.83 --0.1674 -6.27 

~p 
--0.1367 -5.79 --0.1684 -7.38 -0.1803 -6.49 
0.3423 1.59 0.5493 2.90 

(REMP)D,(t) 0.3548 2.37 0.6888 5.26 

Note: Variables are defined in Table 1. 
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tination choice model of Table 3, on the other hand, 
yields the predicted choice odds of 

Pa(i,j,t)/Pa(i,k,t) = exp[-0.1792(8 - 16)] = 4.2, 

namely, the opportunity closer to home is more than 
4 times likely to be chosen than the other. 

The way the individual chooses his destinations 
in a series of trips cannot be characterized as the 
movement of a frog jumping between lily pads , and 
the location of the destination relative to the home 
base is an important concern to the individual. This 
conjecture, now supported by the empirical result, 
has not been incorporated into the standard destina 
tion choice or trip distribution analysis. It is 
proposed in this study that the destination- t o- home 
travel time be considered in formulating non-home­
based destination choice models, such that the indi­
viduals' movements can be characterized appropri­
ately as human behavior, not as the random movement 
- .1:. - ,r:. _ _ _ 
V.L a .l...&.V":j• 

Another new feature of the models developed here 
is the inclusion of time- of- day variables. This is 
based on the belief that the time of day influences 
not only activity choice (3_, 31) but also the choice 
of the location to pursue the activity. Only few 
studies (33) have examined the temporal dependencies 
of destination choice behavior. The prese~t estima­
tion results indicate that, as the day proceeds and 
+-h.o +--lm.o "Ont:!4-1'".!!!l.;n+- h.o,..01n.o.C! +-.;gh+-or, +-h.o "'°'g~+-.;n.a,. 

effect of origin-destination travel time increases 
for personal business (including serving passengers) 
and shopping. In other words, the individuals tend 
to make shorter non-home-based trips for these two 
activity types toward the end of the day. For the 
social-recreation activity, the time variable is 
combined with the destination-to-home travel time, 
implying a somewhat different effect of time that 
social-recreational activity locations tend to clus­
ter around the home base in the later part of the 
day. 

Non-Home-Ba aed Activ ity Choice Model 

As activity choice models have been developed in the 
previous study in an aspatial context (1) , the pres-

TABLE 7 Non-Home-Based Activity Choice Model 

Activity Type 

Personal Business Social-Recreation Shopping 

Coeffi- t- Coeffi- t- Coeffi-
Variable cient statistic cient statistic dent 

Constant -J.1103 -1,95 -4.0188 -4.03 - 3.4003 
PBNS 1.6092 1.78 1.5712 1.89 2.6850 
SREC 1.1335 l.90 1.6292 
SHOP 0.8279 
t 0.2336 3.85 0.1055 
exp(-t/10) 
exp(t/10) 
CHLDRN -0.2398 -1.82 
SCHLAG 
CARS 
PBNSO!C 1.1346 2.26 0,3966 
SRECOIC 0.4855 1.12 0.7013 
SHOPO!C 1.4350 
SRVPOIC 
OHTIME 
CHAINS 
lsrec(i,t)' 0.2727 1.42 
lsrvp(i,t)b 
dih 

t-
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ent effort concentrates on the introduction of spa­
tial elements into the model and examination of 
their effects on activity choice. The discussion on 
the estimated coefficients of those variables that 
are 1ncJ.uaea 1n 1:ne previous moaeJ. aeve.Lopment et:­
fort is not repeated in this paper. The interested 
reader is referred to the work by Kitamura and 
Kermanshah (2). The spatial variables considered in 
modeling the-non-home-based choice are accessibility 
indices [Ia(i,t) ' s] and the· distance from t he 
origin to home (dih ) . The mooE! l sp e c ification ef­
fort is summarized in Table 6, and the final model 
is given in Table 7. 

The set of four accessibility indices evaluated 
according to Equation 3 for the respective activity 
types is first added to the previously developed 
base model (3_). The indices as a group have a chi­
square value ot 1.08, with degrees ot freedom (df) 
of 4, and not significant at a = 0.05. Inspection 
o f the individual coefficients indicated that the 
--- .1:..1:. :- ! --~ - .1:. ~ L- ! - ~ --- .1:. -- _______ , L .• _ ! ____ _ , __ _ 
'-VC.L.L.&.W.L'CU\., V.L t..Ut: .LlU..11:::A LU&. ~C.&.OVUCI..L UU.::1.LIIC'Q.::I CI..LVUIC 

was significantly different from zero, but its sign 
was negative, thus contradicting the hypothesis that 
higher accessibility induces activity engagement. 
The final model (Table 7) was developed by eliminat­
ing insignificant accessibility indices while adding 
the origin-to-home travel time variable to the two 
alternatives--temporary return to home and permanent 
return to home. These variables are significant as a 
group (x 2 = 13.04, with df ""' 1) and the coeffi­
cients of the accessibility indices are positive and 
lie between O and 1 in agreement with the derivation 

TABLE 6 Development of Non-Home-Based Activity 
Choice Models 

Log- x2 of Added 
Model Likelihood Coefficients 

Constant terms alone -872.45 
Base model' -763.43 220.04 
Base model+ I,(i,t) -759.89 7.08 
Final model [with dih 
and I,(i,t)] -756.91 13.04 

8 See paper by Kitamura and Kermanshah (2). 

df 

29 
4 

4 

Serving Passengers Temporary Home Permanent Home 

Coeffi- t- Coeffi- t- Coeffi- t-
statistic cient statistic dent statistic dent statistic 

-3.79 -4.0440 -4.01 1.2745 I.SO 
2.50 1.0873 1.34 1.0873 1. 34 
1.99 0.3576 0.74 0.3576 0.74 
1.15 -0.4479 - 1.26 -0.4479 - 1.26 
1.96 0,2020 3.19 

0.4610 0,26 
0.0561 6.09 

0. 7363 1.86 
0.0672 0.66 -0.2486 -2.30 

1.04 
1.79 
3.36 

1.1578 2.68 
-0.0002 -0.28 
-0.1987 -1.60 

0.3115 1.69 
-0.0500 -2.51 -0.0561 -3.14 

Note: L(O) = -985.46; L(C) = -872.45; L(,6') = -756.91; p2 = 0.132; N = 550. [Note that L(C) is the log-Hkelihood with constant terms alone.) 

~ Accessihilitv index for social-recreation. 
0 AccessibilitY index for serving passengers. 

.. 
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of the nested logit model (~,..!.Q). The result indi­
cates, however that the accessibility variables pro­
vide rather marginal improvement to the goodness-of­
fit of the model, and the socioeconomic, time-of­
day, activity history variables and origin-to-home 
travel time are the major factors that explain non­
home-based activity choices. 

The origin-to-home travel time has a signific,int 
negative coefficient for both temporary and perma­
nent returns to home. It appears that the variable 
reflects the sequencing tendency that the locations 
visited after a completion of nonhome activity tend 
to be closer to home. Accordingly, the individuals 
exhibit a higher probability of returning home from 
a location closer to home. The analysis, which used 
a large-scale data set from the Detroit metropolitan 
area (~ , showed the same tendency of sequencing. 
The finding obtained from the two data sets may im­
ply risk-averse planning behavior of the individ­
uals. Locations closer to the home base require less 
time to visit, and the visits can be arranged with 
flexibility because they will fit into short time 
slots available during the day. On the other hand, 
visiting locations farther from home requires more 
time and allows less scheduling flexibility. Pre­
sumably individuals prefer to make less flexible 
visits first because of the uncertainty involved in 
trip making and activity engagement (e.g., it may 
not be possible to visit farther locations later be­
cause of tightened time constraints). A previous 
study (1) suggested similar planning behavior under 
uncertainty in sequencing activities in a trip 
chain. Daily time-use patterns reported in the lit­
erature (34) also suggest that less flexible activi­
ties tend~o be pursued first during the day. 

Home-Based Choice Models 

Unlike the case of the non-home-based model, the 
time-of-day variables played less important roles in 
the home-based destination choice models and the 
model for personal business alone included the vari­
able. Accordingly, the models gave the appearance of 
the traditional destination choice models. Inclusion 
of the accessibility indices in the home-based ac­
tivity choice model resulted in a small improvement 
of the log-likelihood value and the indices as a 
group were not significant at a = a.as. The final 
model excluded the index for shopping because its 
sign was negative and insignificant. The other three 
indices had coefficient values between a and 1. How­
ever, as in the non-home-based activity choice 
model, these spatial variables played only marginal 
roles. It can be concluded that the choice of activ­
ity types, whether home based or nonhome based, is 
largely determined by t'actors other than the acces­
sibility to opportunities [the estimation results of 
the home-based choice models can be found elsewhere 
(12)]. 

Residual Analys is 

Underlying the use of the system of the logit models 
in this study is the assumption that the random dis­
turbance terms associated with respective alterna­
tives are statistically independent across the al­
ternatives in a choice and also across the choices 
made by an individual. It appears appropriate to 
adopt this assumption for the destination choice 
models when they are formulated by activity types. 
Also note that the logit model is the only choice 
model that has been applied successfully to empiri­
cal destination choice analysis. The assumption, 
however, may be less appropriate when applied to a 
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series of activity choices. For example, an individ­
ual may have a positive or negative preference for 
certain activities throughout a day, which can be 
represented only by disturbance terms that are cor­
related across choices. Inferring from the known 
results of linear-regression analysis (35), this by 
itself does not impose any serious estimation prob­
lems. However, the activity choice models of this 
study contain the history variables that may be 
viewed as a class of the lagged dependent variable. 
Presence of the correlation then may lead to incon­
sistent estimates when the ordinary logit estimation 
procedure is applied. Although it is beyond the 
scope of this study to develop an improved estima­
tion procedure, an analysis was carried out to ex­
amine possible correlations of the residuals of the 
choice models. The results are summarized in the 
following paragraph [further discussions can be 
found elsewhere (26) ]. 

Presence of c~relations among the random dis­
turbance terms across choices were examined by using 
weighted residuals ( 36) • The residuals were evalu­
ated for up to the sixth activity choice for each 
individual in the sample with more than one out-of­
home activity record. The residuals were then re­
gressed on the set of preceding residuals in orner 
to examine the existence of correlations. The re­
sults indicated that the correlations were overall 
weak and were at the level that would have been ex­
pected with independent residuals. The result sup­
ports the model development effort of the study and 
indicates that interrelated choices can be adequate­
ly modeled by introducing variables that represent 
the history of the choices without assuming a com­
plex distributional structure for the disturbance 
terms of a series of choices. 

DISCUSSION OF RESULTS 

The results of this study can be discussed from two 
different perspectives. One is concerned with the 
improvement of destination choice models toward more 
appropriate representation of spatial travel pat­
terns of urban residents. The other is concerned 
with the development of a model system that is ca­
pable of evaluating the daily travel pattern as a 
whole rather than as a collection of isolated and 
unrelated trip segments. 

The empirical analysis of this study has clearly 
shown that there exists a modification of destina­
tion choice models that will lead to better depic­
tion of complex travel patterns. By introducing into 
the model formulation the travel time between a des­
tination alternative and the home base, it becomes 
possible to represent the patterns in sequencing 
activity locations in a trip chain and also to bet­
ter describe individuals' movement patterns that 
center around their residence locations. Representa­
tion of interrelated destination choices involved in 
a trip chain can be made by applying the destination 
choice models in a sequential manner. 

The destination-to-home travel time is an impor­
tant factor that influences non-home-based destina­
tion choice as much as the traditionally used ori­
g in-destination travel time. Judging from the 
statistical significance of this variable, its in­
clusion in the model should contribute to its pre­
dictive accuracy. Moreover, this improvement does 
not require any additional information to be sup­
plied: the model can be estimated by using the 
standard logit estimation procedure with small-scale 
survey results. The study results warrant the eval­
uation of the predictive capability of the proposed 
11on-home-based destination choice model in compari­
son with that of the conventional model, and further 



88 

the development of the procedure for model applica­
tion. 

Another result of the non-home-based model esti­
mation is that the valuation of travel time varies 
dep~nrlint1 nn t_hP t- i mP nf n~Y : !')l"P~ 11m::11hl~, t"i~,:i=:1_1}. ~~ ~i.: 
the tightening time budget constraint toward the end 
of the day. This constraint on destination choice 
can be expressed conveniently in destination choice 
models. 

The difficulty of developing a model system of 
daily travel patterns is per haps p r opor t i onal to the 
complexity of the behavior itself, especially the 
magnitudes of interdependencies amonq the choices. 
This 9tudy , togathac with t ho p r oviou o effort (1 , 2), 
has s hown t hat t he dep e ndenc ies c a n be i ncorporate d 
into the model system by use of appropriately devel­
oped variables that represent the past history of 
a.:aLlv.ity. Th., ,significance of the variables suggests 
that their omission will result in serious errors. 
The endogenous nature of the history variables , how­
ever , may create estimation probl ems when ttie r a n<1om 
disturbance terms of the choice models are corre­
lated across choices. The residual analysis con­
ducted in connection with this study ( 26) indicated 
that such correlations are not signific~t. Although 
the effort to develop and apply improved and more 
versatile estimation procedures should continue, it 
may be appropriate to conclude that the logit model 
can be used to represent a series of choices and 
that each choice model can be separately est i Tl'.ate~ . 
These r~su l ts and a l so the f i nding from the previous 
studie s (l,2)--t ha t t he act i v i ty history can be rep­
resented Tn-a simple and convenient manner--all sug­
gest that the model structure can be kept simple and 
that the model system can be applied in a practical 
manner. 

The study findings also sugqest that activity and 
destination choices are influenced by different 
types of factors, with only a few affecting both. 
Activity choice is influenced largely by time-of­
day, act i v i ty h ist o ry , a nd socioeconomic a tt ributes 
of the individuals, whereas spatial factors play 
only minor roles. on the other hand, the socioeco­
nomic and history variables influence destination 
choice behavior to a rather limited extent. 

The sequential model system developed here, with 
f urthe r extensions a nd mod i f i cations , c a n be us ed i n 
severa l ways. Daily trave l p atte rns c an be r econ­
structed by the system by using the stochastic simu­
lation t e c hniq ue, a nd i mpacts o f transpor tation 
planning options can be evaluated. This reconstruc­
t ion is more realistic than one by the conventional 
procedure because the model system accounts for the 
interdependencies among choices and continuity of 
trips. The s epar ability of the explanatory vari ­
ables, together with the previous findings (2) that 
socioeconomic attributes play only small roies in 
non-home-based activity choices, may make possible 
aggregative treatment of individuals when simulating 
their non-home-based choicesi model application may 
be able to avoid the bookkeeping difficulties that 
may otherwise arise. The model can also be used to 
evaluate the likelihood of alternative daily travel 
patterns that a person may take in response to 
changes in various elements in the travel environ­
ment. The model will serve as a useful supplementary 
tool to the in-depth game-simulation technique (37) 
used to evaluate such responses. 

The model system, as it is formulated now, is 
sensitive to travel time, land use variables, as 
well as socioeconomic variables. The inc l us i on of 
time of day offered the possibility of evaluating 
the effects on travel patterns of the changes in 
time-related factors such as store hours. The desti-
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time-of-day dependent make the model system sensi­
tive to such changes. The estimation results, how­
ever, did not show that the accessibility indices, 
which are also time-of-day dependent, have an impor­
i:::11nt- p,ff~,::,t "!! ~,:,t!1!it1_.• ,:,ht::'i,:, e .. Thi~ ~~y b~ ca1.1~~1 
by the physiological rhythms inherent in human ac­
tivity patterns and also to the habitual, routine 
time-use patterns that may be insensitive to changes 
in the environment. It is quite conceivable that the 
temporal variations in the supply of opportunities 
are closely correlated with the time-use patterns, 
making it difficult to evaluate the sensitivity of 
activity choices to changes in the availability of 
oppoctunitiea over the 1-day period, 

·Although it is believed that the proposed sequen­
tial model system will resolve many problems of the 
conventional forecasting procedure, it is of course 
not devoid of limitations. The model system assumes 
the structure of (past) history dependency. As a re­
sult, the activity and travel patterns predicted by 
the ays l.em mtty nut necessax-ily agree with the pat­
terns that individuals, who conscientiously plan 
ahead and schedule future activities, would exhibit 
in a different travel environment. Theoretically 
speaking, a future-dependent model system can be ob­
tained from a history-dependent system (J), but 
practical difficulties involved therein call for 
other solutions. One possibility is to model the re­
spective model components such that they reflect the 
individualc' plunning effort. An example cf such a 
model can be found i n a recent destination choice 
analysis (25) . The activity choice models may be 
made future dependent by extending the accessibility 
index among the time dimension to reflect the avail­
ability of opportunities during the rest of the day. 
Note that the system structure can be kept as his­
tory dependent after these modifications. Another 
task that remains to be completed is the development 
of activity duration models . This is being under­
taken while focusing on the relationship between 
ac t ivit y durations and their locations, time of day, 
and history (38). Interrelationships among activity 
duration, activity choice, and activity sequencing 
also remain as a subject of future investigation. 
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