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National demographic patterns are changing. In absolute terms household and automobile
growth exceeds population growth, resulting in an increase in the number of trips and traffic
congestion. The evidence from the Chicago region, however, suggests that the number of trips
per capita has not changed in 20 years, trip chains per capita are declining, travel per households
has declined, and perhaps most surprisingly shopping trips per capital have declined noticeably.
However, through increasing trip-chain complexity, more out-of-home destinations are reached
with a constant number of trips, indicating a higher degree of trip mobility. Trip makingis
becoming more efficient, and the time spent shopping is not increasing even with fewer per
capita shopping trips. Although many. of these trips arc conducted during the peak and add to
congestion. since they are chained with the work trip. moving these trips to the off peak may
increase vehicle miles of travel (VMT). Moreover, relatively few trip chains follow the
minimum path. thereby. adding to VMT. These conclusions are drawn from 1970 and 1990
household travel data collected by the Chicago Area Transportation Study for DuPage County, a
fist-growing areawest of Chicago. The authors encourage others to examine the temporal
changesin travel behavior in their locales.

During the last several decades the transportation community began to change its focus of travel
analysis from individual tripsto trip chains. This change acknowledges the importance of
multipurpose trip making. Concurrently there has been a proliferation of models addressing trip
chaining (1-4). Although considerable strides were made in modeling this behavior, the
demographics and the demand for transportation services have changed, affecting these model
constructs. The number of jobs has grown disproportionately to population growth as women
have entered the labor force in large numbers. Rapid job formation encouraged the automobile
population to grow rapidly, which contributed to a decline first in transit use and subsequently in
carpooling. All of these factors together with the new questions being asked regarding the
environmental effects of travel suggest a need to review existing travel demand models.

The purpose of the study described here isto examine some of the current chaining
characteristics as they describe shopping trips and more generally, to identify some of the
changesin trip chaining behavior since 1970. Although the emphasisis on current shopping
trips. other trips are also examined, particularly in contrasting 1970 and 1990 data. The study
concludes that as the number of work trips per capita has increased, the number of shopping trips
has declined. despite the implicit increase in income stemming from job growth. Moreover, the
time spent shopping is not increasing, despite the declining frequency of these trips. As has been
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asserted by many (5-7), changes in household structure have resulted in modificationsin trip-
making behavior, but as discovered here, because trips are increasingly linked together, there has
been little change in the number of trips per person. Nevertheless the number of out-of-home
stops has increased, made possible by increasing chain complexity. Mobility seems not to suffer
since more destinations are reached with fewer trips and chains.

Lastly in the study of shopping trips and chainsit is inevitable that one becomes involved with
other trip purposes. Shopping chains frequently include many nonshopping stops.

BACKGROUND: TRIP CHAINING

Definitions

Severa terms need to be defined or clarified before proceeding. First, achainisdefined asa
series of trips that begin and end at home. A trip isthe movement or link from one stop to
another. A shopping trip isatrip in which shopping is the purpose at the destination. Second,
chains can consist of any number of stops and may have any combination of purposes. Shopping
chains, then, may have numerous nonshopping stops but at least one stop must be to shop. Third,
home-to-shop-to-home is a simple shop-ping trip chain; complex chains have more than two out-
of-home stops. Home-to-work-to-bank-to-shop-to-home is an example of a complex shopping
trip chain. Because of the process of linking stops together and the definitions, shopping stops
constitute a minority of nonhome stops in complex chains.

Previous Studies

A wide variety of approaches has been developed, beginning largely from a Markovian base
(8,9). Subsequently advances were made in formulating the theoretical basis for trip chaining
(10,11), and a method has also been provided to estimate the amount of trip chaining (12). Many
of these papers include extensive discussions regarding previous work (13,14), including trip
chaining asit pertains to pedestrian travel (15); therefore, it is not necessary to restate these
developments.

Two studies merit attention, however. These empirical studies have examined trip chaining with
data collected in the last ten years. Strathman (7) examined data collected in Portland, Oregon,
and addressed the degree to which nonwork trips were chained to work trips. Compared with
DuPage County, lllinois, the Portland study found a lower propensity to conduct complex chains:
24 percent of all trip chains versus 37 percent in DuPage County. Simple chainsto work and to
shop, however, were found in similar proportions. Home-shop-home accounted for 9.6 percent
of al trip chainsin Portland and 9.0 percent in DuPage County. The respective figures for
simple work trip chains are 25.1 and 23.0 percent.

The recent examination of travel data collected in the Seattle region between 1986 and 1989
shows the greatest amount of chaining by women in suburb-to-suburb trips and the fewest
complex chains by men from the suburbs to the city (16). It also identified a high frequency of
trip chaining by women during the midday. Given the general propensity to trip chain, it was

72



concluded that transit could not well serve complex chains and that transit potential was
consequently negatively affected by this phenomenon.

DATA AND STUDY AREA
Household and Survey Data

The data used for the present analysis were extracted from two different travel data bases used by
the Chicago Area Transportation Study (CATS), the metropolitan planning organization for
northeastern lllinois. Thefirst set of data was selected from a CATS 1970 home interview
survey that contained a 0.8 percent sample, or 17,385 households. For just over 20 yearsit was
this data base that was used by CATS in most of its travel forecasting and planning work. A total
of 1,110 households represent DuPage County, the area examined in the study.

TABLE 1 DuPage County Data Bases, 1970 and 1990

Number of Number of Number of
Description Households Trip Chains Trips

Universe | Sample* | Total | Shopping | Total [ shopping

1970 Survey

Regionwide 2,183 17,385* | 6,798 1,676 16,757 | 2,101
DuPage County 142 1,110* 619 171 1,518 210
1990 Survey

Regionwide 2,773 19,313* | NA NA NA NA
DuPage County 279 5,098* 792 184 2,178 226
Percent

Increase in 96% - 28% 8% 43% 8%
DuPage County

* All numbers in thousands except for sample size

Source: Chicago Area Transportation Study (CATS) 1970 Home Interview data base, 1990

Household Travel Survey results and Preliminary factored results for DuPage County 1990
data.

The second data source was the recent (1988 to 1991) CATS Household Travel Survey, which
consisted of a0.7 percent sample of households regionwide and a 1.7 percent sample in DuPage
County. For the region this data base contained information from 19,313 households, of which
5,098 were in DuPage County. Table 1 presents the size of the data bases with afocus on the
expanded number of trips and trip chainsin DuPage County.

Both surveys and their resultant data bases have been well documented, and each carries awealth
of information (17-19). For the 1990 data only the DuPage County portion has been factored and

adjusted. Consequently these data are preliminary. However the final data are expected to
closely match the preliminary set.
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TABLE 2 DuPage County Population Characteristics,

1970 and 1990
[ 1970 | 1990 [ % Change
Population 491,882 | 781,666 58.9
No. of HH. 142,408 | 279,344 96.2
No. of Person per HH. 3.41 2.76
No. of Workers 199,352 | 425,284 113.3

DuPage County

For the decade of the 1980s DuPage County demonstrated one of the largest absolute popul ation
gains outside of the Sun Belt states. 1n 1970 the county had 491,882 residents and 199,352
workers (Table 2). By 1990 the population had swelled to 781,666 people, 425,284 of whom
were employed. Interms of jobs the increases were staggering. In 1970 there were
approximately 115,200 jobs, which grew to 528,444 in 1990, an increase of 359 percent (20).
DuPage County is representative of afast-growing suburban community.

TABLE 3 Mean Trip Lengths of Shopping Trips by Trip Chain

Sizes
Chain Size Linkﬂ Link 2 | Link :ﬂ Link 4 ] Link 5 | Link 6
2 2.51 2.51%*
3 2.76 3.75 | 2.73*
4 3.09 3.41 3.63 | 3.71*
5 2.81 2.65 3.62 3.81 | 4.00*
6 5.44 3.55 2.97 3.34 4.73 | 4.21*

Only trip chain sizes 2 to 6 included in this table
* Returning home trip; not a shopping trip
Unit = zone centroid to centroid airline distances in miles
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FIGURE 1 Six path choices with travel
distances and percentage of range
from minimum to maximum.

SUMMARY OF 1990 SHOPPING TRIPSAND CHAINS

A review of the number of shopping trips and shopping chains in DuPage County reveals that
trip chains are for avariety of purposes and that only a small proportion of chains are for asingle
purpose. There are atotal of 619,170 trips in the shopping trip chains, but only 36.6 percent
(226,399) of these are shopping trips. Further examination reveals that 58.7 percent of the
shopping trips are made in conjunction with other purposes. Shopping chainsinclude
nonshopping activities, whereas shopping trips refer only to trips with shopping at the
destination.
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TABLE 4 Distance Minimization in Path Chosen by Shoppers by

Chain Sizes
Frequency of Chosen Paths (in percent)
Chain | Mini- | 0- | 20 - | 60 - | Maxi- Number of
size | mum | 20% | 60% | 100% | mum Chains
4 473 1213 58| 3.8 | 21.7 520
5 16.7 | 35.5 | 21.8 | 16.4 9.5 293
6 8.8 | 42.233.3 ] 12.9 2.7 147

Mean Values of Range between Maximum and Minimum Distance

Chain | Mini- | 0- | 20 - | 60 - | Maxi- Number of
size | mum | 20% | 60% | 100% | mum Chains
4 37 6.7 | 1.7 1.7 2.6 520
5 73 | 12.7] 6.0 44 4.0 293
6 11.2 | 20.0 | 9.8 8.3 4.2 147

Trip and Chain Lengths

At least two aspects of trip and chain lengths are of importance: (a) the number of miles and (b)
the degree of distance minimization in the trip chains. The trip lengths were derived by
determining the quarter-square-mile origin and destination zones and then computing the airline
distance between the zone centroids. Distance minimization pertains to the sequence of stops
and how closely this route comes to the minimum path through the stops.

Trip Lengths

An examination of trip lengths by link and chain size reveals important patterns. The first link
was only 2.51 mi. in simple shopping day in the Chicago-area market. Itislikely that these two
counteracting effects may balance, and if they do not, there may be a slight bias toward more
shopping being recorded in the 1990 data. The authors found, however, the since per capita
shopping trips have declined, there islittle evidence of a proshopping bias. Asawhole care must
be exercised in drawing precise comparisons from data such as these.
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TABLE 5 Path Choice Behavior of Shopping Trip Chains by Chosen Path

Category (chain size of 4)

Description Mini- | 0-20-| 60 - | Maxi-
mum | 20% | 60% | 100% | mum

Number of Trip Chain 246 | 111 30 20 113
Number of Work Trips 4| 32 10 9 75
Activity Time (minute) 237 | 252 274 | 349 324
Mean Distance of Trip Chains 139 (183 | 144 | 21.9 18.9
Mean Distance between Min and Max 3.7 6.7 1.7 1.7 2.7
0-5 34 10 2 2 11

Number of Trip-chains | 5 - 10 91 27 9 4 26
by Distance Traveled | 10 - 20 89| 37| 15 5 38
(miles) 20 - 30 22 18 2 3 19
30 + 22 19 2 6 19

Socioeconomic Characteristics of Individuals

Mean Age 46.2 | 46.5 | 43.3 | 47.1 43.1
Number of Trip-chains | Male 62 37 8 7 38
by Gender Female 184 4] 22 13 5
Full Time 99 | 52 14 8 58

Number of Trip-chains | Part Time 53 15 5 4 17
by Employment status | Homemaker 69 28 9 3 32
Student 24 ] 4 1 16

Retired 48 26 2 4 14

Changesin Numbersof Tripsand Trip Chains

With the population expansion there has been a growth in the number of daily trips, from 1.5
million to 2.2 million, and an increase from 619,000 to 792,000 trip chains (Table 1).
Nevertheless this represents a decline in several categories: trip chains per household, trips
chains per person, and trips per household (Table 7). The only rate that remained stable was trips
per capita. On the surface this may seem surprising but it isin keeping with (@) the trends
displayed by the Nationwide Personal Transportation Survey (NPTS) (22) and (b) the expectation
that trips would be bundled into chains as time constraints mount. The 1983 NPTS shows a
decline in the number of trips per capita from the 1977 survey, but the 1990 NPTSfigureis
approximately 5 percent higher than that in 1977. Sufficeit to say that given large increasesin
the automobile population, there has been remarkably little change in the number of trips per
capita on the basis of both NPTS and DuPage County data. The declines in the other three rates

may be attributed to demographics. The trips and trip chains per household rates are declining
because of smaller household sizes.

The decline in per capitatrip chainsis plausible even with increasing mobility. Figure 2
Illustrates two hypothetical households. Household A completes three ssmple chains, visiting
three out-of-home destinations. Household B, however, completes only one chain with five trips
but visits one more out-of-home site. It is therefore possible to visit more sites with fewer chains
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and with fewer trips. This has occurred in DuPage County. Although the number of trips per
person has declined modestly, from 4.3 to 4.2 trips per day per person, there has been a 13
percent increase in the number of out-of-home sites visited between 1970 and 1990. This marks
a Significant modification in which individuals can reach more destinations with less travel; that
IS, they are more "mobile" but travel less.

TABLE 6 Frequency of Sample Shopping

Trip Chains
Chain Size | Chain Type Percent
H-S-X-S-H 4.8
H-S-S-X-H 6.0
H-S-S-S-H 6.5
4 H-S-X-X-H 9.2
H-X-S-S-H 14.4
H-X-S-X-H 26.9
H-X-X-S-H 32.1
H-S-S-S-S-H 2.0
5 H-S-X-X-X-H 6.1
H-X-X-S-X-H 19.1
H-X-X-X-S-H 31.7
6 H-X-X-X-X-S-H 21.0

H = home, S=shop, H#X#S

Changesin Shopping Chains

With increased trip chaining each excursion from the home includes more destinations, and the
instances of travelers conducting atrip for only one purpose on a chain are decreasing. The
authors are therefore rather liberal in their definition, which includes all chains that have at |east
one shopping destination; many shopping chains include more nonshopping stops than shopping
stops.

TABLE 7 Comparisons of 1970 and 1990 DuPage County
Daily Travel Data

Variable 1970 1990 ]
No. of Trips* 1.5 2.2
No. of Trips/Person 43 4.2
No. of Trips/Household 10.3 9.1
No. of Chains/Person 1.8 1.3
No. of Chains/Household 4.3 2.8
No. of Trips/Chain** 2.3 2.9

* Number in millions
** Change mode is excluded
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Number s of Shopping Chains and Shopping Trips

Aswith all travel shopping chains and shopping trips have increased since 1970 but not always

in proportion to population. There has, however, been a dramatic decline (30.6 percent) in the
number of simple shopping chains (Table 8). Other simple chains have increased in number such
astripsto work, but the practice of going to a store and returning has declined even with the large

population increase.

TABLE 8 Number of Trip Chains per Day in DuPage County,

1970 and 1990
All Chains Shopping Chains
Chain Percent Percent
Size 1970 1990 | Change 1970 1990 | Change

2 481,582 | 499,216 +3.7 | 102,986 | 71,484 -30.6
3 85,200 | 137,905 | +61.9 | 47,573 | 53,381 | +12.2
4 32,828 | 83,910 | +155.6 | 12,815 | 28,122 | +119.4
5 10,491 | 33,857 | +222.7 4,443 | 15,349 | +245.5
6+ 9,299 | 37,168 | +299.7 3,453 | 16,653 | +382.3
Total | 619,400 | 792,056 | +27.9 | 171,270 | 184,989 +8.0

To compensate there have been significant increases in the number of complex shopping chains,
most noticeably in chains with four and more destinations, all of which have more than doubled
in number. Still an increase of only 8 percent in the number of shopping trips is unexpected.
Increasing from 210,000 to 226,000, the rise does not reflect the 60 percent increase in
population, let alone the increasing disposable income brought about by increased participation

in the labor force.

< "Household FA T[T

&

3 out-of-home 4 out-of-home
destinations destinations

6 trips 5 trips

3 trip chains 1 trip chain

FIGURE 2 Two hypothetical trip patterns.

Duration of Shopping

The number of shopping trips per capita has declined even with the proliferation of shopping
centers and scattered retailing sites. It would seem reasonable that to accommodate the needs
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met by shopping, the amount of time spent shopping might increase. Mitigating against that is
the increase in the number of peoplein the labor force and the consequent constraints on time to
shop. Also as chain complexity increases, the average time spent at each stop tends to decrease.

The 1990 CATS survey shows an average amount of time spent at the shopping destination to be
42 min., down from 49 min. in 1970 (travel time not included; Table 9). An examination of the
shopping duration distribution indicates that the greatest change was in the declinein long
shopping trips (in excess of 90 min.), which can be attributed to time constraints common to
multiple-worker households.

TABLE 9 Frequencies of Shopping
by Duration Categories (time spent at
each shopping destination; travel not

included)

Duration 1970 1990
(minutes) | (percent) (percent)
0-14.99 20.6 23.3

15 - 29.99 21.8 25.1
30 - 44.99 17.1 17.8
45 - 59.99 13.9 11.7
60 — 89.99 11.8 13.3
90 + 14.8 © 8.8
Total 100.0 100.0
Average | 49 minutes | 42 minutes

It appears that the constraint on people’'s time was a slightly stronger force, resulting in a decrease
in shopping duration. This can be seen in the declining duration at each shopping stop as the trip
chain becomes more complex. The amount of time spent shopping in simple chains was 49.8
min., and it declined to 30.8 min. for chains of seven and more links, for a difference of almost
20 min. 'Be increasing tendency over time to trip chain makes shopping a more directed activity
and isless of asocial or recreational experience, which was more frequently the case in the past.
This reduces the fuzzy distinction between shopping and recreation, which is common to some
shopping trips and which contributes to poorly defined trip purposes in transportation surveys.

Shopping Trip Lengths

There are also at least two competing forces on shopping trip lengths. First, the increased
number of shopping sites throughout DuPage County has brought many more shopping choices
closer to places of residence and therefore would contribute to shorter shopping trips. Second,
the shortest links in 1990 were in the simple chains, which have declined precipitously since
1970 (Table 3). Theselinks averaged 2.5 mi., whereas most others averaged over 3 mi. and
some averaged more than 4 mi. Asthese simple chains decline the average distance should
increase.
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The data show that the change in average shopping trip distance has stayed stable, rising only
from 3.08 mi. in 1970 to 3.11 mi. in 1990

(Table 10). The distance distribution has also changed very little. Approximately 60 percent of
all shopping trips in both surveys were less than 2.5 mi., and roughly 1 in 20 was more than 10
mi. Indeed the slight increase in trip length can be attributed to the modest decline in short trips
(lessthan 2.5 mi.), many of which were simple chains. It appears that the declinein simple
chains was stronger than the effect of increased density of stores, which permits shorter trips.

TABLE 10 Frequencies of Shopping by Distance
Categories

Distance 1970 1990
(miles) | Frequency | Percent | Frequency | Percent

0.0-2.49 | 131,068 62.3 134,594 59.5
2.5 - 4.99 42,335 20.1 52.836 23.3
5.0 - 9.99 27,214 12.9 28,282 12.5

10.0 + 9,786 4.7 10,678 4.7
Total 210,403 100.0 226,399 100.0
Average 3.08 miles 3.11 miles

CONCLUSIONSAND IMPLICATIONS

Although there are differences between how 1970 home interview and the 1990 Household
Travel Survey data were collected and the questions asked, it is possible to identify broad
findings. The most significant finding is that trip making appears to be more efficient and
shopping as an activity is declining as the number of per capitawork tripsrises. Thereislittle
change in the number of trips per capita, but since there are more complex trip chains, travelers
achieve more out-of-home stops with afixed number of trips. It takes six tripsto visit three
placesif all are ssmple chains, but if these six trips are linked in one chain, five places can be
visited, ailmost twice the number. Still the increase of only 8 percent for shopping trips was
unexpected, given the population increase and the rising incomes through an expanded |abor
force.

With the decline in the number of simple shopping chains, which are typically short trips, thereis
the potential for average trip lengths to increase. Thistendency is partially but not completely
offset by a greater density of stores, which contributes to shorter trips.

Despite the stable shopping trip distances and the small rise in the total number of shopping trips,
highways are becoming more congested, and there are few better examples than DuPage County.
In DuPage County the gross densities are very low, the population is affluent, vehicle ownership
is high, and the populace is modifying travel behavior by stringing trips together into complex
chains. This may be areaction to less actual or perceived leisure or nonwork time, but the
consequence is that the total travel in 1990 was more efficient for the individual than in 1970, but
it contributed to severe peaking and congestion.

Contemporary travel behavior increasingly links trips for nonwork activity to the work trip, many
of which occur during the peak. It may reduce congestion if trips for nonwork activity were
rescheduled to other times, but this would be a return to the 1970 pattern, in which alarge
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number of simple chains characterized household travel. This could add to vehicle miles of
travel (VMT) and may not be desirable unless work travel occurred during the off peak or the
shoulder of the peak, as would be the case with staggered work hours. These travel patterns aso
have implications for cold starts, which would a'so likely increase if chaining declined.
Additional work is encouraged to ascertain the merits of peak-hour trip chaining and the trade-off
between reduced congestion and increased VMT.

There are also clear implications for trip distribution modeling. These models need to consider
more closely the origin and destination of the trip since many trips are now made without the
home at either end. yet the location of the home is undoubtedly important in selecting nonhome
destinations.

This analysis underscore, the fact that there arc considerable archives of travel data, perhaps
more than can be analyzed. Still there are many unverified conjectures about how travel has
changed. The authors encourage other work to examine these changes and explore ways that this
work can be used to improve the transportation modeling and planning process.
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