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1. Introduction

Despite the fact that what is considered to be the principal transportation problem — namely traffic con-
gestion — represents the concentration of demand along the time dimension, relatively little attention has
been directed to the time element in the development of analytical models for travel demand. In particular,
the time dimension is noticeably absent in the widely used urban passenger travel demand forecasting pro-
cedures known as the “four-step procedures.” However, recent emphasis on a wide range of travel demand
management (TDM) measures, especially the renewed interest in congestion pricing, has called for more
explicit treatment of the time dimension. In fact researchers have focused on departure time choice behav-
ior in attempts to understand and predict the peak spreading phenomenon (e.g., Abu-Eisheh & Mannering,
1987; Chang, Mahmassani & Engquist, 1989). These efforts, however, have tended to focus on commuters’
travel choices for their peak-period commute. Extensive analysis of travel demand along the time-of-day
dimension and incorporation of the time dimension into the theory and models of travel behavior, remain
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The current understanding of temporal aspects of trip making thus remains limited. For example, no
effective tool is available for the analysis of induced travel. How would an individual respond when his
daily commute consumes an additional 20 minutes due to intensifying traffic congestion? Which activities
would he cut back? Would he change destinations for his out-of-home activities to compensate for the
increased commute time? And what would he do if he gains 20 minutes a day from reduced traffic con-
gestion resulting from an addition of road capacity? Would he pursue additional out-of-home activities? If
so, what activities, when, and where? Addressing these questions is essential for the development of travel
behavior theory and for rigorous assessment of transportation policies. Yet the field of travel demand
analysis is in its early stages of development with respect to the analysis of travel demand aiong the time
dimension.

This study is an atiempt to gain a better understanding of temporal aspects of travel behavior. The focus
of the analysis is on the timing of trips made for various purposes The nature of the study is largely descrip-
iive and expmfauvc The rich information coniained in the 1990 NPTS data is utilized to reveal 1empofaa
characteristics of trip making. Explorative analysis is also performed to examine history dependence in out-
of-home activity engagement and trip making. The study in addition contains an initial modeling effort to
examine the interplay between activity duration and activity timing (therefore trip timing). It is hoped that
some general tendencies in temporal aspects of travel behavior can be revealed and directions for future

research can be identified through this effort.

This report is organized as follows. In Section 2, the characteristics of trip reporting and the quality of
the trip records in the 1990 NPTS data file are discussed. Of particular focus is the accuracy of reported
trip starting times. The discussion of this section also covers the re-definition of trip purposes to introduce
a “home” trip category into the subsequent analysis. The distribution of trip starting times over the one-day
period is examined in Section 3 by trip purpose and by sample sub-group. In Section 4, the conditional dis-
tribution of trip purposes, given that a trip is made within a specific time interval, is evaluated and the
dependence of activity engagement in its past history is studied. Following this the interplay between activ-
ity duration and activity timing is explored in Section 5. Section 6 is a brief summary.
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2. Quality of Trip Reporting

The completeness of trip reporting and the accuracy of reported trip attributes are the basis that facilitates
credible inference of the characteristics of travel behavior. The guality of trip reporting in the 1990 NPTS
data is examined in this section prior to the analysis of the data set in this study.

Fraction of Travelers

Of the total of 48,385 individuals from 22,317 households, 10,239 individuals (21.2%) responded that
they did not make any trip on the survey day (see Table 2.1; statistics in this report are unweighted). This
figure, which presumably includes those who refused to provide trip information, may be in part due to
under-reporting of trips in the survey.

The fraction of individuals who do not report trips at all on a given day is an important indicator of the
quality of travel survey. Statistics reported in Purvis (1994) indicate that the fraction of individuals report-
ing at least one trip on a survey day ranges from 78% in a 1981 Sydney survey to 87% in a 1977 Adelaide
survey. The person irip surveys in the San Francisco Bay Area in 1981 and 1990 both contained approxi-
mately 82% of respondents reporting at least one trip. The 1990 NPTS data set thus contains a slightly more
fraction of respondents reporting no trips at all than do the Adelaide survey data, but not notably more than
do the twa San Francisco surveys,

The validity of the indication from the NPTS data set that slightly more than one individual out of five
do not make any trip at all on a survey day is difficult to assess. The difficulty is two-fold. Firstly, trip
records do not facilitate the estimation of the fraction

of people who make trips on a day (or, “travelers™) =
due to under-reporting of trips that are prevalent in Table 2.1: DISTRIBUTION OF RESPONDENTS
person trip surveys. Secondly, our ability to make IE\'I:: E[:E NUMN?)EZOF TRIPS REPORTED
inferences about travel characteristics of the popuia- Tn'i)s P er's ons %
tion may be significantly impaired becanse of possi- -
ble selectivity bias contained in the trip records. 0 10,239 21.2
Namely, those who reported their trips may be sys- 1 689 L4
tematically different from those who made trips but 2 14,698 304
did not report them, and from those who did not 3 4,157 8.6
respond to the survey at all. 4 7.415 15.3

It is known that the likelihood that an individual 5 3,342 6.9
chooses to participate in a survey is correlated with 6 3,016 6.2
certain attributes of the individual, some of which 7 1,620 34
are such commonly used demographic and socio- 8 1,162 24
economic variables as income and education. Past 9 768 1.6
analyses of attrition in panel surveys — where fac- 10 449 0.9
tors contributing to survey participation can be con- 1 262 0.5
venienily examined by observing whether a person 12 169 0.4
will continue to participate in a series of repeated

gy . 13 163 0.3

surveys — have indicated that education and age are
important contributing factors (Kitamura & Bovy, i: 12; 8§
1987 Thisslikely tobe o case or WD POUG | L p s a0
dd WELL, DULCAUSC OL 15, 1C VAlldlly O1 1indings — = ”~
even those that are well accepted — is subject to the '
quality of trip reporting in the data sets on which

they are based. For example, it i{s commonly
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believed that the trip rate peaks when a person is in the 35-to-55 age bracket. Results reported in Purvis
(1994), however, indicate that the fraction of individuals who do not report trips at all increases with age.
Part of this is due to the genuine relationship between age and trip making, while part of it is due to possi-
ble correlations between age and trip reporting. The above finding that the trip rate peaks with the middle
age then may be exaggerated due to trip under-reporting. Although it is outside the scope of this present
study, it is extremely important that the two groups of individuals — those who reported trips and who did
not — be thoroughly examined and the nature of possible biases be identified.

Mean Daily Trip Rates

The total number of trips contained in the data set is 149,546, The overall mean trip rate is 3.09
(= 149,546/48,385), while the trip rate for the 38,146 travelers in the data for whom at least one tdp is
recorded, is 3.92 (= 149,546/38,146). (Trip rates are computed without making any adjustment to the num-
ber of trips contained in the data file, and include trips with missing information. All individuals in the data
file are contained in the tabulation.) These trip rates are not necessarily lower than those found in other
travel survey data sets (see Purvis, 1994). Yet, they are substantiaily lower than a mean trip rate of 5.18
inferred from a California time use data set (Kitamura et al., 1992).
individuails Who Reported Oniy One Trip

There are 689 individuals (1.42% of the total) for whom only one trip is recorded. These individuals
contain almost equal numbers of those who reported one home-to-other trip (327 individuals, or 47.5%) and
those who reported one other-to-home trip (324, 47.0%) on the survey day (sce Table 2.2). The data thus
suggest that 1.4% of individuals (or 1.81% of travelers) did not have a complete home-to-home journey pat-
tern during the survey day.

Table 2.2: TYPES OF TRIPS RECORDED
FOR THOSE REPORTING ONLY QONE TRIP
Type of Trip No. of %

Persons
Home to Home 0 0.0
Home to Other 327 47.5
Other to Home 324 47.0
Other to Other 34 4.9
Unknown 4 0.6
Total 689 100.0

Consistency of Recorded Trip Attributes

The consistency of recorded trip starting and ending times and origin and destination codes is checked
for those 37,457 individuals for whom two or more trips are recorded. For trip times, two types of incon-
sistency are examined. The first possibility involves the case where the recorded starting time of the n-t trip
is earlier than that of the (n-1)-th trip. The second case represents the situation where the starting time of
the n-th trip is earlier than the starting time of the (n-1)-th trip plus the duration of the (n-1)-th trip.

The total number of trips recorded for individuals with two or more trips is 148,857, Of these, 2,910
trips (1.95%) involve inconsistency of the first type, and another 5,425 trips (3.64%) contain that of the

Time-of-Day Characteristics of Travel: An Analysis of 1990 NPTS Data 4-9




second type (Table 2.3). Altogether,
inconsistent trip starting and ending
times are recorded for over 8,300
trips. In addition, there are 6,001 trips
for which trip starting times are miss-
ing. In sum, no indication of incon-
sistency can be found for slightly over
90% of the trips recorded for those
respondents who reported two or
more trips, while nearly 10% of the
trips contain either inconsistent or
missing starting time information,

The continuity of the origin and
destination codes across successive
trips is also examined in a similar
manner. The results indicate that

there are only less than ten trips for which discontinuity can be found (Table 2.4). The origin/destination
codes are presumably logically generated with computer post-processing, and appear to possess high

quality.

Distribution of Reported
Minutes of Trip Starting
Times

To examine the accuracy of
reported trip starting times, they are
classified into four quarters of the
hour based on the reported minutes: 0
to 14 min., 15 to 29 min., 30 to 44
min., and 45 to 59 min. The fre-
quency of reported starting minutes is
tabulated by trip purpose and summa-
rized in Table 2.5. As is clear in the
table, the frequency of trips in the first
quarter (0 - 14 min.) and that of trips
much greater than the frequencies in
the second (15 - 29 min.) and fourth
(45 - 59 min.) quarters,

Table 2.3: CONSISTENCY IN RECORDED TRIP STARTING TIME
(NDIVIDUALS WITH TWO OR MORE TRIPS)

Type of Inconsistency No.of Trips %
Trips with Consistent Starting Time 134,521 80.4
(Including First Trip of Day)

Starting Time Earlier Than That 2,910 20
of Previous Trip

Starting Time Earlier Than That 5,425 3.6
of Previous Trip Plus Its Duration

Trip Starting Time “Not Ascertained” 4,093 28
Respondent “Refused” 1,908 1.3
to Report Trip Starting Time

Total 148,857 160.0

Table 2.4: CONSISTENCY OF RECORDED TRIP
ORIGIN/DESTINATION INFCRMATICN

Type of Inconsistency No. of Trips %
Consistent Origin/ 149,465 9%9.95
Desttnation Information

Destination of Previous Trip Is “Home,” 2 *

and Origin of Trip is “Not Ascertained.”

Destination of Previous Trip Is “Other,” 6 *

and Origin of Trip is “Refused.”

Origin of Trip “Not Ascertained” 43 0.03
Origin of Trip “Refused” 6 *
Destination of Trip “Not Ascertained” 14 0.01
Destination of Trip “Refused” 10 0.01
Total 149,546 100.00
*Less than 0,005%

"When inconsistent trip time information is found between iwo successive trips, only the second trip is tallied to contain inconsis-
tent information, while the first trip is assumed to have cormect trip time information. No inconsistency is flagged if either of the

two trips has missing trip fime information.
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Further inspections of the data indicated that more than 35% of trips have reported starting times at an
exact hour (0 min.) and nearly 30% have those exactly at a half past an hour (30 min.). Altogether, 81.9%
of trips are reported to have started at exact quarters (Table 2.6). In other words, the respondents may have
round their trip starting times to the nearest quarters for over 80% of trips. Furthermore, the fact that 64.0%
of trip reported starting times are either at an exact hour or 30 minutes past an hour suggests that this round-
ing may have been done to the nearest half hours. The results suggest that the quality of trip reporting in
the data may be poor. Obviously trip starting times and therefore elapsed times between trips cannot be
established with high precision based on the trip starting times recorded in the data file.

Returning to Table 2.5, it is clear that the tendency of trip starting time rounding varies across trip pur-
poses. Starting times appear to be more accurately reported for trip purpose categories of Work and
School/Church, while rounding is more pronounced for Shopping and Visit Friends or Relatives.
Apparently trip starting times are easier to recall and report for such mandatory and repetitive trips as com-
muting which tend to be long and have regular starting times. On the other hand, starting times appear to
be only approximately reported for discretionary and irregular trips made for such purposes as shopping and

social visits for which much larger degrees of freedom are associated in terms of timing.

Table 2.5: DISTRIBUTION OF TRiPS BY REPORTED STARTING QUARTER BY PURPOSE
Trip Purpose 60 - 14 15-29 30 -44 45-59 Total
N % N % N % N %

To and from Work 5627 36.0 2,078 133 5241 336 2,668 17.1 15614
Work-related Business 609 38.7 229 146 516 328 218 139 1,572
Shopping 8,420 434 1,818 105 5,539 319 1,615 93 17,392
Family/Personal Business 8,508 392 3,092 143 6,776 312 3,317 153 21,693
School/Church 3,079 327 1,563 166 2,896 30383 1,867 199 9,405
Medical/Dental 393 386 147 144 323 317 155 152 1,018
Vacation 96 61.5 14 940 37 237 g 58 156
Visit Friends/Relatives 4,351 5040 848 97 2,741 315 771 89  B,7it
Pleasure Driving 163 49.9 31 95 107 327 26 8.0 327
Other Social/Recreational 5,839 434 1,543 11.5 4,427 329 1,654 123 13463
Other 268 38.0 103 14.6 236 334 99 140 706
To Home 21,642 405 7,704 144 17,107 320 7,018 131 53,471
Total 37,353 41.5 11,466 127 28839 320 12,399 138 90,057
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Re-definition of “Home” Trips
Table 2.6: DISTRIBUTION OF TRIPS

The NPTS trip purpose coding scheme is BY RECORDED STARTING MINUTE
based on the “reason for which the trip was Minutes No. of Trips % % (Cumul.)
made.” Therefore the conventional “home” trip - .
category is absent in the original data file. 00 51,999 362 362
Consequently it is not possible to distinguish on 30 39,847 278 640
the sole basis of the trip purpose categories 45 13,223 92 732
whether a trip was made to a destination to 15 12,433 87 819
engage in an activity, or to leave a destination Other 26,043 18.1  100.0
for home after completing activity engagement.
This presents a progiem for the analysis of trip Total 143,545 1000 N

making by time of day since trip starting times
must be tallied separately for trips to activity locations and those from activity locations. Furthermore,
unambignously defining “home” trips is essential for analyzing trip linkages or trip chaining. More impor-
tantly, trip rates computed using the NPTS trip purpose codes are not compatible with those obtained using
the conventional trip purpose codes. For those reasons, it was attempted to identify home trips based on the
information available in the NPTS trip records.

Our inspection of the trip records has indicated that the coding of trip purposes needs to be carefully inter-
preted when trips are linked to visit more than one destination after leaving home. For example, consider
a trip purpose sequence, work - shopping - home. Based on reasons for which these trips were made, they
may be coded as work - shopping - shopping or work - shopping - work. This is illustrated with the fol-
lowing sample of trip purpose sequences from the 1990 NPTS data file:

LRS LI O Ut ilos 1200 A AND L Riadla 1L2%.

a. [Home] ~+ Work — [Work] — Pers. Bus. — Soc./Rec. — Work — [Home]
b. [Work] — Work — [Home] — Soc./Rec. — Soc./Rec. — [Home] — Work — [Work]

c. [Home] — Soc./Rec. — Soc./Rec. — Soc./Rec. — Work — [Work] — Soc./Rec. -+ Work —
[Home] — Soc./Rec. —+ Soc./Rec. — [Home]

d. [?] — Work — [Work] — Pers. Bus. — Pers. Bus. - Pers. Bus. — Shopping —»
Soc./Rec. —+ Pers. Bus. — [Home]

{r’I — Work — l 1\] —+ Pers. Bus. —+ |_ "i“l“;] Pers. Bus. — Work — HOT ]

[Home] -+ Work — [Work] — Shopping — Work — [Home]

o

. Home] —_ Work -— [Work] -+ Pers. Bus. — Pers. Bus. — Shopping —+ Work — [Home]

Fom

. [Home] — Pers. Bus. — Pers. Bus. — [Home] — Shopping ~» Shopping — {Home] —+
Work — [Work] — Work — [Home]

i. [Home] — Pers. Bus. — Pers. Bus. — [Home] - Medical/Dental — Medical/Dental —
[Home]} ~ Work — Work — [Work] — Work -+ Work - [Home]

j. [Home] — Soc./Rec. — Soc./Rec. — [Home] — Work (Walk) — Work (Bus) — [Work] —
Work — (Auto) —+ [Home]

where italicized words indicate the “reason for which the trip was made” as coded in the data file, and a
word in brackets indicates the base of the trip as identified from trip origin/destination categories. As can
be seen from these sample of 10 daily trip purpose sequences, the last trip back to the home base is coded
to have the purpose identical to the purpose of the first trip that originated from home (see sequences a, b,
f, g, b, i and j). Trip purpose coding, however, appears to deviate from this in some cases where there is an
intermediate stop at the work base. For example, in sequence c, the first return trip to home is coded to have
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a work purpose, while the trips which originated from home have a social/recreation purpose, In sequence
d, the purpose of the last home trip, personal business, is identical to the purpose of the trip originated from
the work base, while the coding of the last home trip in sequence e appears to be based on the purpose of
the first irip.

Based on the inspection of the trip purpose coding in the data file, it is conciuded in the study that trip
purpose codes in the NPTS data file can be converted to ones that are compatible with the conventional trip
purpose categories used in transportation planning by changing the purpose category to “home” for those
trips whose destinations are coded as the home base. The analyses presented in the rest of this report are
based on this conversion of trip purpose categories.

*Addifional problems of fhe NPTS trip purpose classification found during this study include: (1) grouping together of “school”
and “church,” and (2) absence of the “serve-passenger” category.
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3. Distribution of Trip Starting Times

The temporal distribution of trip starting times and trip rates by purpose are examined in this section for
sample sub-groups defined in terms of age, gender, employment and role. Temporal distributions of trip
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size, life-cycle stage, driver’s licensing holding, and MSA size.

Distribution by Age

The distribution of trip starting times is tabulated by trip purpose for five age groups. Appendix
Table 3.1 gives the number of travelers in cach age category and the total number of trips and the trip rate
by purpose, for individuals at least 16 years old. Consistent with previous findings in the literature, the per-
son trip rate increases with age and peaks in the 25-t0-49-years-old range, then declines. The work trip rate
shows a peak in the 35-to-49-years-old bracket. This age group also has the largest number of trip chains.
The work trip rate is extremely low for the over-65-years-old range which represents the retirement age.
Shopping and other family or personal business trips exhibit similar tendencies. The trip rates for visiting
friends or relatives and other social or recreational trips, on the other hand, tend to decline with age,
although some irregularities can be found in the table. In particular, the trip rates for these purposes increase
for the oldest age group.

Temporal distributions of trip starting times are shown by trip purpose and by age group in Figures 3.1.a
through 3.1.j. The figures are prepared using 30-minute intervals and present, for each ttip purpose, the
mean trip rate within each time interval for each sub-group. Namely each point on the line graph Tepresents

ﬂ'\n t(\fc\l numher nf 1r|nc mads by tha cnh oronnm mamhare far the crnamfa frn nnmog ﬂnﬂnn tha N _vmi;_
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utes interval, divided by the number of respondents in the sub-group. The figures thus represent differences
in trip rates across sub-groups as well as the temporal distribution of trips for each sub-group.

Work trip starting times show similar peaks for all age groups (Fig. 3.1.a). Quite notable is the result that
the youngest age group shows high frequencies during the afternoon off-peak period. Reflecting its low
rate of work trip generation, the frequency curve for the oldest age group is consistently low. Work-related
business trips show rather irregular patterns across the age groups (Fig. 3.1.b). These trips tend to concen-
trate during the 8:00 a.m. to 5:00 p.m. period, although their generation continues into evening hours.

As noted earliet, shopping trips exhibit craggy patterns with more trips recorded in the first half of each
hour than in the second half (Fig. 3.1.c). An inspection of the figure indicates that the oldest age group tends
to pursue shopping in earlier parts of the day, with very low trip rates after 4:30 p.m. or so. Morning shop-
ping trip generation declines while evening trip generation increases as one moves toward younger age
groups. In particular, the youngest, 16-to-24-years-old age group, which happens to have the lowest shop-
ping trip generation rate among the age groups, has a peak for shopping trips in the 3:00-t0-6:00-p.m.
period, and maintains high rates through the evening. Similar tendencies can be found for trips for other
family or personal business (Fig. 3.1.d).

The temporal distribution of school trips is unique in that the youngest age group, which contains full-

fivma ctundante avhihiio wer thin mmmtienley AIFFn + Forvonn #nn Af tha Adbha T
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youngest group has a sharp peak around 7:30 a.m., representing commute {rips to school by full-time stu-
dents. The other groups have peaks around 9:00 a.m. and 6:30 p.m., but school trip generation by these
older age groups tends to be spread through the business hours of the day.

Trips for medical and dental purposes tend to be confined within the typical business hours of 8:00 a.m.
to 5:00 p.m., although trips are recorded in early moming and evening hours as well (Fig. 3.1.f). The dis-
tribution patterns are rather irregular, presumably due to the small number of trips for these purpose in the
data file.

4-14 Time-of-Day Characteristics of Travel: An Analysis of 1990 NPTS Data




Trips for social visits are spread from mid-morning to early morning hours (Fig. 3.1.g). Like in the case
for shopping, the youngest age group exhibits a clear tendency with trip rates that increase toward early
evening hours. Its trip generation for social visits peaks around 6:30 p.m., then gradually declines. Yet, this
group generates substantially more trips of this type in late evening and early morning hours than do any
other groups. The figure displays a clear pattern that trip generation for social visits in evening hours
declines with age.

Like social visits, pleasure driving is an activity that is pursued from mid-morning to early morning (Fig.
3.1.h). Due to the small number of trips for this purpose, the figure does pot offer consistent patterns. Yet
one can notice that the youngest group has high frip rates during the evening hours.

185 RARdn AIVRANL RALGRS LA

Trips made for other social or recreational purposes follow patterns similar to those for social visits (Fig.
3.1.). Again, engagement in these activities gradually increases as the day progresses and peaks around
7:00 p.m. Unlike social visits, however, small peaks can be found around 12:00 noon and dips can be found
around 3:00 p.m. These tendencies can be seen for almost all age groups. The youngest age group again
presents high trip generation rates in evening hours, but its pattern is not so distinct from those of the other
groups as in the case for social visits.

The temporal distribution of trips to return home can be found in Figure 3.1.j. The figure shows clear
peaks during the evening peak-period, around 5:00 p.m., and another set of peaks around 12:00 noon.
Home trips are least frequent during the early moming hours of 4:00 a.m. to 6:00 a.m., then gradually build
up toward the noon peaks. After some sags around 1:00 to 2:00 p.m., home trip generation continues to
increase toward the afternoon peaks, then gradually subsides. As before, the older age groups tend to have
lower home trip generation raies in evening to early moming hours; older individuals evidently retire to
home earlier.
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Distribution by Sex

The total number of reported trips is summarized by purpose in Appendix Table 3.2 for 38,135 individ-
vals who reported at least one trip (the total number of persons does not agree with 38,146 due to missing
sex data). Individuals of all ages are included in this tabulation. Consistent with previous findings on gen-
der differences in travel behavior, the table indicates that men tend to make more trips for work and work-
related business purposes than do women, while women tend to make more trips for shopping and family
and personal business purposes. In this data set, trip rates {or social visits and other social or recreational
purposes differ only slightly between men and women.

Temporal distributions of trips are shown by purpose and by gender in Figures 3.2.a through 3.2.j. The
temporal distribution of work trips is very similar between the two sexes, except for the fact that men’s
morning peak starts earlier by 30 minutes to one hour than women’s peak (Fig. 3.2.a). The peak ends about
the same time for both men and women. Thus men have a morning peak for commute trips that are longer
than that of women.

As noted earlier, women have a mean trip rate for work-related business which is much smaller than that
of men. In addition, women exhibit a peak during the noon hour, while men have peaks in the mid-morm-
ing and early afternoon (Fig 3.2.b). This, however, could be an artifact of the relatively small sample size

_____ [P S . Y f TR .
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Women’s shopping trip rates exceed those of men in almost all time intervals of the day (Fig. 3.2.c).
Overall patterns of temporal distribution, however, are similar between the two genders. It is also notable
that trip rates are practically identical between men and women for the early morning (till 9:00 a.m.} and
the evening {after 7:00 p.m.). Likewise, women have higher trip rates for other family or personal business
throughout the day (Fig. 3.2.d). Both men and women have peaks at 12:00 noon and at around 3:00 p.m.

School trips exhibit practically the same temporal distributions for men and women (Fig. 3.2.¢). Sharp
p aks can be observed at around 7:30 a.m. Women have slightly higher school trip rates outside the peak

"C
..

This tabulation of the 1990 NPTS data indicates that women have a higher mean trip rate for medical and
dental purposes. This is the case in almost all periods of the day (Fig. 3.2.f). This gender difference, how-
ever, could be due to trips taken by women to take their children to the doctor’s and dentist’s. Although
these trips have traditionally classified as “serve-passenger” trips, the data coding in the NPTS data file does
not adopt this trip purpose category. This represents serious limitations of the NPTS data set as it does not
lend itself to a more fundamental analysis of travel behavior through the examination of individuals’ activ-
ity engagement and intra-personal interactions within the household.

Relativelv little differences can be observed between the bwo gender for trins for social visits 3 2. \
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pleasure driving (Fig. 3.2.h), other social and recreational (Fig. 3.2.i) and trips for home (Fig. 3 2 3) The
differences are thus most prominent for trips made for household-defined and role-oriented activities such
as shopping and personal business. It is conceivable that significant difference could have been observed
between men and women for serve-passenger trips had they been separated out as a trip purpose category
in the NPTS data coding. The similarity in the temporal distribution of home trips implies a high degree of
regularity in out-of-home activity completion between men and women,
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Distribution by Employment

Those who work are subject to tighter time constraints for the very reason that paid-work often com-
mands a significant number of hours per working day. Therefore it can be anticipated that those who work
tend to have lower trip rates for non-work activities, especially for discretionary activities. This is more or
less true, but not to a very large extent. Appendix Table 3.3 indicates that those who were employed have
a mean daily trip rate of 4.126, while those who were not employed have a mean trip rate of 3.635. It can
be seen that workers have mean trip rates sightly higher than those of non-workers for shopping and other
family or personal business. Non-workers have mean trip rates for social visits and other social and recre-
ational activities that are higher than those of workers, but only slightly. Overall, the indication that work-
ers tend to engage in discretionary activities less frequently is very weak, if at all.

Time constraints due to paid-work, however, substantially affect trip timing. Workers’ shopping trips
peak in late afternoon around 5:00 p.m., while non-workers’ shopping trip rate peaks at 10:00 a.m. and grad-

unaltv derlineg toward the evanino (Fio, 3.3.a)
Uy Cecunegs [owarg e evemng (g, >.2a)

For personal business, workers exhibit three peaks: the first around 7:30 a.m. before typical work start-
ing hours, the second during the lunch break, and the third in the 4:00 p.m. to 5:00 p.m. period. The effects
of work hours are evident. Note that, because of the trip purpose classification in the NPTS data file, trips
made to serve passengers during commute (e.g., taking a child to the day care, or picking up a carpool mem-
ber) may be included in this “other family or personal business” category.

Figure 3.3.c indicates that the sharp morning peak for school trips is associated with non-workers {pre-
sumably full-time students), while workers’ school trips have two peaks, one in the morning over the period
of 7:30 a.m. to 9:30 a.m.. and one in the evening from 5:30 p.m. to 6:30 p.m.

Temporal distribution patterns are quite similar between workers and non-workers for trips made to the
doctor’s and dentist’s (Fig. 3.3.d). The regulating factor is obviously the typical business hours held by doc-
tors and dentists. It can be observed, however, that workers tend to have late afternoon starting times.

Again due to constraints imposed by work schedules, workers trips for social visits and other social or
recreational activities tend to cluster in evening hours (Figs. 3.3.e and 3.3.f). In particular, non-workers
have highest trip rates for social visits in the 12:00 noon to 4:00 p.m. period, while workers peak lics
between 5:00 p.m. and 7:00 p.m. Likewise, wotkers’ evening peak for other social and recreational trips
are more pronounced than that for non-workers.

Workers’ peak for honte trips coincides with the evening peak for homeward commute trips (Fig. 3.3.g).
Non-workers’ peak, on the other hand, is centered at 3:00 p.m. The higher home trip rates displayed by
workers in the evening hours indicate that, again due to constraints from work schedules, workers tend to
use the evening period for out-of-home non-work activities more often than do non-workers.
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Distribution by Role

An important question that arises here is how the differences in trip rates and trip timing observed above
between men and women and between workers and non-workers interact with each other. Are work sched-
ules so dominating a factor in individuals’ activity scheduling that there will not be any gender difference
given a person is empioyed? Or are gender differences so persisieni ihai working men’s travel paiierns are
different from working women’s patterns? The latter is likely if gender-defined roles are dominant, while
the former may be the case if roles are determined primarily by employment. As a step in studying these
issues, temporal distributions of trip starting times are now examined by role, defined in terms of gender
and employment: non-working men, working men, non-working women and working women.

Trip frequencies and trip rates are summarized by purpose and by role in Appendix Table 3.4. An inspec-
tion of the table indicates that the tendencies found earlier for gender groups and employment groups can
still be found for the role groups. For example, women, whether employed or not employed, have higher
trip rates for shopping and other family or personal business. They alsc have slightly higher trip rates for
social visits and slightly lower rates for other social or recreational purposes than do men, whether
employed or not employed. Workers have higher trip rates for shopping and other family or personal busi-
ness, whether men or women (this is presumably due to the inclusion of minors in the tabulation). Workers
also have slightly lower trip rates for social visits and other social or recreational purposes, again whether

Faalatl Rt i et Vet ) A hn:n ‘1 By (\ A "'ﬂ‘lﬂ In“l’ﬂf atoo ‘Ff\" \I’h“l’ Qﬂ(‘ \ff\!‘t’ fﬂlﬂfﬂl’l
men or Wonish, ruuuus those wWho are vu:ylu: €4, WOImeh ave jOwWer luy Tawds 10 WoIK WOTR-{Sial

business. Overall, it appears that role effects are produced as a superimposition of employment effects and
gender effects.

Differences in work trip peaks can be more clearly seen in Figure 3.4.2 where trip rates are computed for
workers and non-workers cennmtalv Asbefore, men’s work tnn neal( gtarts earlier than women’s mak, pPOS-
sibly reflecting the trend that men tcnd to commute to work longcr than do women. Trps for work-related
business by workers exhibit the same peaking patterns as before, with men having peaks in the morning and
afternoon, while women have a peak at noon {Fig. 3.4.b). Likewise, the tendencies found earlier for
employment or for gender can in general be found for shopping, other family or personal business, schocl
or church, dental or medical, social visits, and other social or recreational trips (see Figs. 3.4.c through 3.4.j).
This is also the case for home trips. In this case employment is the factor that defines the temporal distri-
bution of trips. Given that one is employed or not employed, there are Tittle differences in the temporal dis-
tribution of home trips between men and women.
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Male, Non-worker, 6688 respondents,
137 wips, 0.0205 rripfrespondent,

— Male, Worker. 11747 respondents,

8261 wips, 0,704 trip/respondent.

Female, Non-worker. 9262 respondens,
183 trips, 0.0198 tripfrespondent,

== Female, Worker, 10444 respondents,

7031 trips, 0.673trip/respondent.

chi-square=833.2, df=141

Male, Non-worker. 6638 respondents,
36 trips, 0.00538 wip/respondent.

Mate, Worker, 11741 respondents,
928 trips, 0.0790 tripfrespondent,

Female, Non-worker. $262 respondents,
66 1rips, 0.00713 ripfrespondent,

Female, Worket. 10444 respondents,
542 wips, 0.0319 wipfrespondent.

chi-square=154.5, df=123
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chi-square=1303.9, df=129

Mule, Non-worker. 6688 respondents,
169 1rips, 0.0253 trip/respondent.

Male, Worker, 11741 respondents,
169 1rips, 0.0144 wipfrespondent.

Female, Non-worker. 9262 respondents,
363 trips, 0.0392 mipfrespondent,

Female, Worker. 10444 respondents,
317 wips, 0.0304 wipfespondent.

¢hi-square=172.0, df=114
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Male, Nan-worker, G588 respondents,
1483 wips, 0.222 wip/respondent,

Miale, Worker. 11741 respondents,
2451 trips, 0.209 wipXespondent,

* Female, Non-worker. 9262 respondents,

2319 rips, G230 wipfrespondent.

Fernale, Worker, F0444 respondents,
2457 urigs, Q235 wiphrespondent,

chi-square=471.6, d{=141

Male, Non-worker,  S68E respondents,
2627 irips, 0193 tiplrespondent.

Male, Worker. 11741 respondents.
4101 trips, 0.349 wip/respondent

Female, Mon-warker, 9262 respondents,
3237 urips, 0.349 wip/respondent,

Female, Worker, 10444 respondents,
3498 trips, 0,335 wipfrespondent,

chi-squanc=619.4, df=141
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4. Conditional Probabilities of Trip Making

As initial steps of modeling travel behavior along the time-of-day axis, the conditional probabilities of
out-of-home activity engagement (or trip making) and conditional distributions of trip purposes, given that
a trip is made during a specific time interval, are examined in this section. First the distribution of trip pur-
poses is studied by trip starting time over the one-day period. This is followed by an analysis of the con-
ditional probability of trip making for a certain purpose, given that a trip has been made, or has not been
made, for the same purpose in the past. The intent of the analysis is to explore the dependence of trip mak-
ing on past activily engagement.

Distribution of Trip Purposes by Starting Time

Figures 4.1.a - ¢ show the distribution of trip purposes by trip starting time with horizontal bars indicat-
ing the relative frequencies of trip purposes within the respective 30-min. intervals. The relative frequency
of a trip purpose can be interpreted as the probability that the trip will be made for that purpose, given a trip
is made by an individual within the 30-min, interval. Tendencies found in the figure are discussed below
for major trip purpose categories.

Work is the predominant purpose during the early morning period of 3:00 a.m. to 8:00 a.m. (note that rel-
ative frequencies are evaluated within each time period, and a high relative frequency in one period does
not necessarily imply that the number of trips generated in that period is large). The relative frequency of
work decreases during the day, then increases again toward 5:00 p.m., presumably reflecting the way pur-
poses of linked trips are coded. School shows similar tendency with different peaks.

The probability of shopping increases toward 10:00 a.m., then very gradually decreases toward the end
of the day. Other family or personal business shows similar tendency, but has much larger relative fre-
quencies between 9:00 p.m. and 9:00 a.m. Visiting friends or relatives increases toward midnight, stays at
that level till 2:00 a.m., then declines. Other social or recreational purposes have the same tendency, except
that their relative frequencies are the highest in the early morning of 1:00 a.m. to 3:00 a.m.

The tendencies found here are consistent with the profiles of activity engagement found from time use
data (e.g., Kitamura et al., 1992). The effects of such institutional factors as work and school schedules are
evident form the tabulation results. Most notably, work and school purposes are predominant during early
morning hours. As the relative shares of trips made for these activities — which tend to be mandatory and
quite often fixed in time and space — decline, the shares for more flexible activities increase. Shopping
and personal business activities tend to have much larger degrees of flexibility in terms of their location and
timing. Trips made for these activities increase as work and school trips decrease their shares. It is notable
that personal business trips maintain relatively larger shares throughout the day, even in early morning
hours. Shopping trips, on the other hand, are infrequent in these hours.
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Trips for social visits and other social/recreational activities show some increases in early mormings (8:00
to 9:00 a.m.), and remain at these levels through mid-afternoon. The relative shares of these discretionary
activities show marked increases during the “after work™ hours. In fact nearly 50% of all trips made are for
these purposes during the period of 9:00 p.m. and 2:00 a.m.

The distributions of trip purposes by time of the day are consistent with the notion that an individual’s
daily life is regulated by mandatory activities such as work and school, whose often rigidly fixed schedules
tend to work as “pegs” (see Jones et al., 1983) around which other, more flexible activities tend to be sched-
uled. The results also show that discretionary activities tend to be pursued after more mandatory activities
such as work (Kitamura, 1983). Clearly the work/school schedule is a critical factor that regulates an indi-
vidual’s daily activity schedule and trip timing. One important issue for investigation, then, is how discre-
tionary activities are scheduled given work/school schedules. For example, what are the factors that affect
whethier a person engages in a discretionary activity before or after work? This subject is examined ater in
this report using the NPTS data.

Conditional Probabilities of Activity Engagement

The analysis now focuses on the conditional probability of engaging in an out-of-home activity (there-
fore making a trip for that purpose), given the engagement in the past during the day in activities of the same
type. The analysis is motivated by the desire to examine the history dependence in activity engagement and
is conceived as an initial stage toward the construction of a behavioral model of trip making. In this sense,
the effort here shares its objective with Kitamura & Kermanshah (1983, 1984) and Mannering, Murakarmi
& Kim (1994).

A question of particular interest is how the fact of engaging in out-of-home activities of 2 given type
affects the probability of engaging in the same type of activity on the same day. If future activity engage-
ment can be probabilistically described as a function of past activity engagement, then it will be possible to
simulate a person’s daily activity pattern from a given time point on, using information on activity engage-
ment in the past. More generally, it is crucial for the development of a model of daily activity engagement
that the inter-dependence among activities engaged in the course of a day — or possibly over a longer span
of time — be properly represented.

Different types of interdependencies are possible among activities. Certain activities may be engaged
just once during a day, thus past engagement would almost certainly preclude recurrent engagement in the
future. Having lunch is an example. Other types of activities, on the other hand, may have the tendency
that past engagement leads to higher probabilities of engagement in the future. Shopping around for a
durable good s an example.’

The NPTS data set is used here to probe these issues. Three activity types — shopping, other family and
personal business, and other social or recreational activities — are used in the analysis. Conditional prob-
abilities of engaging in these activities in the future, given the engagement in activities of the same type in

'It is possible that this apparent past dependence is spurious, merely reflecting the highér propensity to engage in that type of activ-
ity which the individual possesses. This is the case of true state dependence versus heterogeneity. Pursuing this issue in the con-
text of activity engagement is a task for future research. .
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the past, are evaluated at three time points of the day, 12:00 noon, 3:00 p.m. and 6:00 p.m. Results are sum-
marized in Table 4.1, where each entry represents the conditional probability of engaging (E) or not engag-
ing (N) in the activity of the same time given past engagement.

The conditional probabilities evaluated at three time points display the clear tendency that the probabil-
ity of engaging in an oui-of-home aciivity decreases as the day progresses, irrespective of past activity
engagement. This is not at all a surprising result as the chance of pursuing an activity will decrease as the
time that remains during a day decreases. Social and recreational activities, which the analysis of the pre-
vious section revealed as dominant activities during the evening period, show the weakest tendency of this
type.

The conditional probabilities evaluated for shopping show that past engagement in shopping does not
affect future engagement. The conditional probabilities shown in the first row (given past engagement) and
those in the second row (given non-engagement) are surprisingly similar. Shopping engagement appears to
be history independent. Its engagement probability, however, is dependent on the time of day with its value
decreasing from over 0.25 at 12:00 noon to less than 0.08 at 6:00 p.m.

Conditional probabilities for both other family or personal business and other social or recreational activ-
ities indicate strong history dependence, with engagement probabilities much greater in the case of past
engagement than in the case of non-engagement. This is more pronounced for other family or personal
business. For example, as of 12:00 noon, the probability of engaging in this activity in the future is 0.486,
given that family or personal business has been pursued by then, but the probability is only 0.205 given that
no such activity has been engaged. The corresponding values evaluated as of 3:00 p.m. are 0.302 versus
0.131, and at 6:00 p.m. 0.134 versus 0.054.

Table 4.1: CONDITIONAL PROBABILITIES OF ACTIVITY ENGAGEMENT BY
PAST ENGAGEMENT AND TIME OF DAY

a. Shopping
Past Engagement At 12:00 Noon At 3:00 P.M. At 6:00 P.M.

E N Total E N Totai E N Total
Engaged (E) 0257 0743 1.000 0.157 0843 1.000 0069 0931 1.000
Not Engaged (N) 0.256 0.744 1000 0.177 0.823 1000 0079 0921 1.000

A ~ PRV YN N e e a R aTaTal

Total 0.256 0744 1006 0173 0.827 1000 0076 0524 1.

b, Other Family or Personal Business
Past Engagement At 12:00 Noon At 2:00 P.M. At 6:00 P.M.

E N Total E N Total E N Total
Engaged (E) 0.486 0.514 1.000 0302 0698 1.000 0.134 0.866 1.000
Not Engaged (N) 0205 0.795 1000 0.131 0869 1.000 0054 0946 1.000

Total 0244 0.756 1.000 0.167 0.823 1.000 0.076 0.924 1.000
¢, Other Socigl or Recreational
Past Engagement At 12:00 Noon At 3:00 P.M. At 6:00 P.M,

E N Total E N Total E N Total

Engaged (E) 0375 0.625 1000 0267 0733 1000 0167 0833 1.000
Not Engaged (N) 0.200 0.800 1000 0.154 0.846 1000 0.092 0908 1.000
Total 0211 0789 1.000 0167 0833 1.000 0.105 0.895 1.000
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The result found for family or personal business and social or recreational activities that conditional
engagement probabilities are greater given that activities of the same type have been engaged in the past
implies that individuals tend to be split into two groups, one of which consisting of those who do not engage
in these activities at all, and the other consisting of those who engage in them multiple times in the course
of the day. Obviously properly capturing these history dependencies is critically important for model devel-
opment.

Before closing this section, it is important to note that the analysis here represents an initial cursory
exploration of the data set regarding the history dependence of activity engagement. Only the frequency of
trips by time of day is considered in the analysis and the attributes of individuals and other possible con-
tributing factors are not incorporated into the analysis. In particular, the issue of history dependence versus
heterogeneity noted earlier in a footnote of this report remains to be explored in the future. Furthermore,
history dependence is examined only within the same type of activity while dependencies across different
types of activities have not been examined. Nonetheless, this initial analysis has made evident that the
dependence of activity engagement on the time of day and on its own history must be explicitly incorpo-
rated info the analysis of activity engagement and trip making.
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5. Model Systems of Activity Timing and Duration

Many factors are conceivable as ones that affect the timing of out-of-home activities, therefore the tim-
ing of trips made for them. Among them is the duration of an intended activity. If the intended activity
takes a substantial amount of time, then it will be engaged when a time block of sufficieni lengih is avail-
able. This is the case where activity duration determines activity timing. On the other hand, there may be
cases where the length of an intended activity is adjusted such that it can be pursued within an available
block of time. In this case activity timing determines activity duration. In reality both relationships co-exist
and define activity engagement. As an initial attempt to examine causal relationships involving activity
duration and timing, alternative structural models are developed and estimated using the NPTS data set.’
The analysis of this section considers only shopping activity engagement by workers, and adopts for sim-
plicity a binary indicator of activity timing, i.e., whether shopping activity is pursued before work or after
work.?

Let i denote the individual; T; be the timing of the shopping activity and let T; = -1 if it takes place before
work, and T; = 1 if it takes place after work; T*; be a latent variable underlying T;; D; be the duration of
the shopping activity; a, [3, v, and . be vectors of coefficients; 6 and « be scalar coefficients; X; and Z; be
vectors of explanatory variables; and (g;, ;) and (§;, n;) be bi-variate normal random vectors. Then the
model systems of this section can be presented as follows:

Timing-Duration Model System

T*i = ii’Xi + By
Ty = -1if T* < 0;
1if T >0

D; = ﬁ)Zi + 0T; + §;

Duration-Timing Model System
Di=YZ +;
T* = u‘Xi +xkD; + 1y
Tj=-1ifT*<0;
Lif T*; >0

The systemns each consist of two madel compaonents, a binary timing model and a duration model. The
variables that appear in the model systems are summmarized in Table 5.1.

Two alternative models developed in the study are summarized in Table 5.2. A positive coefficient of a
variable in the timing model component implies that a greater value of the variable contributes (o the prob-

'Damm (1582) estimated a model system of activity timing and duration, where activity duration is conditioned on activity timing,
This study extends this previous effort by examining the reverse conditionality as well.

The sample used here is obviously a self-selected subset of individuals who commuted and engaged in shopping on the survey
day. Addressing possible selectivity bias arising from this is outside the scope of the analysis presented here.

Time-of-Day Characteristics of Travel: An Analysis of 1990 NPTS Data 4-45




ability that the activity will be pursued after work. In the timing-duration model system (in which the tim-
ing of the shopping activity is assumed to affect its duration), work starting time (WORKSTART) is the
most significant variable indicating that the later is the work start time, the more likely will shopping be pur-
sued before work. The timing model also indicates that those who commute by auto tend to engage in shop-
ping after work {DRIVE); residents in non-urban area (NONURBAN) and individuals from larger house-
holds (HHSIZE) tend to shop before work; and women tend to shop after work (FEMALE).

Table 5.1: DEFINITION OF VARIABLES USED IN THE MODEL SYSTEM

Variable Definition

AGE Age in years

INCOME Midpoint of household annual income category, in dollars
HHSIZE Number of persons in household

NONURBAN 1 if household is not in urbanized area; 0 otherwise
FEMALE 1 if respondent is female; 0 otherwise

DRIVE 1 if auto mode is used to travel to work; 0 otherwise

COMMTIME  Commuie irip iengih, in minuies

WORKSTART Work starting time, in minutes from 4:00 a.m.
SHOPDIST Shopping trip distance, in miles

PARTYSIZE MNumber of persons participated in the shopping trip
WEEKDAY 1 if survey day is a weekday; 0 otherwise

TIMING -1 if shopping took place before work; 1 otherwise
DURATION Duration of shopping activity, in mimutes

Consistent with the finding of Section 3, the duration model indicates that women tend to have longer
shopping durations (FEMALE), while durations tend to be shorter on weekdays (WEEKDAY). The length
of the shopping trip (SHOPDIST) and the party size (PARTYSIZE) are also significant and positively con-
tribute to the shopping duration. The respondent’s age (AGE) and annual household income (INCOME)
turned out insignificant. The coefficient of the timing variable (TIMING) is positive but not significant at
@ = 0.05 in the duration equation, implying that, given the other contributing factors, shopping activity dura-
tion is independent of when it is pursued.

The estimated duration-timing model system is presented in Table 5.3. The model coefficients are in
general consistent between the two model systems., WORKSTART is again the dominant variable in the
timing model while FEMALE is very significant in the duration model. An important differences is that
the day of the week (WEEKDAY) is only marginally significant in the duration-timing model system. The
coefficient of the shopping duration (DURATION) is positive and highly significant in the timing model,
indicating that if the duration of shopping activity is longer, then it tends to be pursued after work.

A comparison of the goodness-of-fit statistics indicates that the timing-duration model system fits the
data better. The estimation results thus suggest that workers tend to decide when to shop first, then adjust
the duration of shopping. The timing variable is not significant in the shopping duration model of this
model system, however. Thus shopping duration may not be “adijusted” at all. The duration-timing model
system, on the other hand, offers the indication that shopping duration does influence the decision of when
to shop. These apparently conflicting results indicate the needs for further investigation into the causal
structures underlying activity timing and duration decision. In particular, the current study is subject to
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several limitations and its results should be viewed as preliminary. For example, the covariance of the error
terms of the two model components (9TD") is set to zero in the duration-timing model because otherwise
the coefficient of DURATION turned out to be negative in the timing model. The model systems do require
further refinement. Nevertheless, the analysis of this section has seen that the NPTS data can be used to
explore the causal mechanisms underlying activity timing and duration.

Table 5.2: TIMING-DURATION MODEL SYSTEM

Variable Timing Model Duration Model
Coef. t Coef. t

TIMING 0.079 | 1.29

DRIVE 0.130 3.98

COMMTIME 0.045 1.52

WORKSTART | -0.614 | -19.84

AGE 0.049 1.59 | 0009 024

INCOME 0.049 1.56 | 0.044 | 1.19

HHSIZE -0.057 | -1.87

NONURBAN | -0.085 | -2.83

FEMALE 0.087 260} 0178 470

SHOPDIST 0.080 { 2.15

PARTYSIZE 0.098 | 2.61

WEEKDAY -0.148 | -3.96

O 0586 | 18.10

op’ 0.901 | 16.77

Opp’ 0.166 3.59

RM.S. 0.027

re 7328(7

Coef. of Det. 0.479

N =667
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Table 5.3: DURATION-TIMING MODEL SYSTEM

Variable Timing Model  Duration Model
Coef. t Coef. t

DURATION 0.197 6.64

DRIVE 0.123 3.78

COMMTIME 0.042 1.45

WORKSTART | -0.612 | -20.38

AGE 0.049 i.64 | 0017 | 043

INCOME 0.040 132 | 0.046 | 1.20

HHSIZE -0.059 -1.96

NONURBAN -0.089 -3.01

FEMALE 0.048 145 | 0.190 4.96

SHOPDIST 0.109 | 282

PARTYSIZE 0.094 | 242

WEEKDAY 0.062 | -1.63

o 0.549 1 18.10

ap’ 0.926 | 18.10

GT'DZ

R.M.S. 0.028

¥ 83.14 (8)

Coef. of Det. 0.468

N = 667
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6. Conclusion

Temporal distributions of trips were examined in this study using the 1990 NTPS data file. The analy-
sis by trip purpose and sample sub-groups have revealed characteristics of trip making that along the time
of day. The study has also probed into the issues of history dependence in activity engagement and trip
making, and the causal relationships between activity timing and duration. Although the analyses are rather
preliminary in their nature, they have shown important future directions of research.
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Appendix Table 3.1: TRIP FREQUENCY AND TRIP RATE BY PURPOSE BY AGE

16 - 24 25-34 35-49 50- 64 =65 Total
Purpose No. Rate No. Rate No. Rate No. Rate No. Rate No. Rate
Work 2443 0454 4523 0601 | 5688 0.607 | 2418 0459} 282 0.106| 15354 0508
Worlk-related 134 0025| 400 0053 719 0077 | 246 0047 46 0017 1545 0051
business
Shopping 2124 0394 3924 0521 | 5026 0537} 2680 0509| 1509 0568| 15263 0.505

Other family or | 2809 0.522| 5383 0715| 6717 0.717| 2732 0.519| 1282 0483 | 18923 0.627
personal business

School/church 1790 0.332 791 0.105 987 0105 533 0.101] 344 0.130( 4445 0.147

Doctor/dentist 83 0.015 190 0.025 256 0.027| 204 0.039; 111 0.042 844 0.028
Vacation 14 0.003 31 06.004 60 0.006 13 0.002 12 0.005 130 0.004
Visit friends 2136 0397 1998 0.265} 1610 0172 910 0.173{ 475 0.179 Tnz29 0.236
or relatives

Pleasure driving 74 0.014 57 0.008 66 0.007 45 0009 31 0.012 273 0.009
Other social or | 2224 0413} 2717 0361 3244 0346 1589 0302| 936 0352 1071 0355

recreational

Other 118 0.022 136 0.018 158 0.017 88 0.017 59 0.022 559 0.019
Home 7938 1.4741 10943 1.454 | 14102 1.506 | 707% 1.3451 3370 1.269| 43432 1438
Purpose category | 784 0.145 1003 0,133 | 1227 0.131 | 1048 0.199 768 0.289 4830 0.160
missing

Total 22,671 4210 3209 4265 39,860 4257 19,585 3.721 9,225 3473 123,437 4.088
No. of 5385 7,526 9,364 5,264 2,656 30,195
travelers

Mean No, of 1.474 1.454 1.506 1.345 1.269 1.438
Trip Chains

Mean No. of 2.856 2933 2.827 2767 2.737 2.842
Trips per Chain
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Appendix Table 3.2: TRIP FREQUENCY AND TRIP RATE BY PURPOSE BY SEX
Male Female Total

Purpose No. Rate  No. Rate No. Rate
Work 8398 0D.456 7214 0.366 15612 0.409
Work-related business 964 0.052 608 0.031 1572 0.041
Shopping 6927 0.376 { 10464 0.531 17391 0.456
Other family or personal 3942 0485 | 12748 0.647 | 21690 0.569
business
School/church 4327 0.235 5076 0.258 9403 0.247
Doctor/dentist 338 0018 680 0.035 1018 0.027
Vacation 68 0.004 28 0.004 156  0.004
Visit friends or relatives 3934 G213 4776 0.242 8710 0.228
Pleasure driving 170 0.009 234 0.012 404 0011
Other social or recreational 6728 (.365 6735 0.342 13463 0.353
Other 337 0.018 365 0.019 702 0.018
Home 25561 1387 | 27899 1416 | 53460 1.402
Purpose category missing 2690 D.146 3251 0.165 5941 0.156
Total 69,384 3765 80,138 4.067 149,522 3.921
No. of travelers 18,429 19,706 38,135
Mean No. of Trip Chains 1.387 1.416 1.402
Mean No. of Trips per Chain 2.714 2.872 2.797
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Appendix Table 3.3: TRIP FREQUENCY AND TRIP RATE BY PURPOSE
BY EMPLOYMENT
Male Female Total
Purpose No. Rate  No. Rate  No. Rate
Work 15294 0.689 320 0020 | 15614 0.409
Work-related business 1470  0.066 102 0.006 1572 0.041
Shopping 10293  0.464 7099 0445 | 17392 0.456
Other family or 13542 0610 8151 05111 21693 0569
personal business
School/church 2423 0.109 6982 0438 9405 0.247
Doctor/dentist 486 0.022 532 0.033 1018 0.027
Vacation 95  0.004 61 0.004 156 0.004
Visit friends or relatives 4908 0.221 3803 0238 8711 0.228
Pleasure driving 184 0.008 i43 0.009 327 0.009
Other social or recreational 7569 0.342 5864 0367 | 13463 0.353
Other 338 0.015 368 0.023 706 0.019
Home 32120 1.448 | 21351 1338 | 53471 1i.402
Purpose category missing 2793 Q.126 3225 0202 6018 0.158
Total 91,545 4.126 58,001 3.635 149,546 3.920
No. of travelers 22,188 15,958 38,146
Mean No, of Trip Chains 1.448 1,338 1.402
Mean No. of Trips per Chain 2.850 2.717 2797
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Appendix Table 3.4: TRIP FREQUENCY AND TRIP RATE BY PURPOSE BY ROLE

Male, Male, Female, Female, Total
Non-worker Worker Non-worker Worker

Purpose No. Rate  No. Rate  No. Rate No. Rate  No. Rate
Work 137  0.021 8261 0.704 183 0.020 7031 0.673 15612 0.409
Work-related business 36 0.005 928 0.079 66 0.007 542 0.052 1572 0.041
Shopping 2394 0.358 4533 0.386 4705 0.508 5759 0.551 17391 0456
Other family or 2873 0.430 6069 0517 5277 0.570 7471 0715 21690 0.569
personal business

School/church 3202 0479 1125  0.096 3778 0.408 1298 0.124 9403 0.247
Doctor/dentist 169 0.025 169 0.014 363 0.039 317 0030 1018 0.027
Vacation 24 0.004 44  0.004 37 0.004 51 0.005 156 0.004
Visit friends or relatives | 1483  (0.222 2451 0209 2319 0.250 2457 0.235 3710 0.228
Pleasure driving 67 0.010 103 0.009 76 0.008 81 0.008 327 0.009
Other soctal or 2627 0393 4101 0.349 3237 0.350 3498 0.335 13463 (.353
recreational

Other 155 0.023 182 0016 209  0.023 156 0.015 702 0.018
Home 8879 1.328 | 16682 1421 | 12464 1.346 | 15435 1478 53460 1.402
Purpose category 1330 0.199 1360 0.116 1895 0.205 1433 0.137 6018 0.158
Imissing

Total 23376 3495 46008 3919 34609 3.737 45529 4359 149,522 3921
No. of travelers 6,688 11,741 8,262 10,444 38,135
Mean No. of 1328 1.421 1.346 1.478 1.402
Trip Chains

Mean No. of 2.633 2.758 2977 2.950 2.797
Trips per Chain
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