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Data from the Washington, D.C., area transportation survey were used to
test three hypotheses concerning the effects of travel time and automo-
bile operating cost on the frequency of nonwork automobile travel and
the demand for multidestination automobile travel by households with-
out access to transit for nonwork travel. The hypotheses are that (a) in-
creases in travel time and automaobile operating cost cause reductions in
the frequency of nonwork automobile driver travel; (b} these reductions
in travel frequency are compensated by increases in the average number
of nonwork destinations visited per trip; and (c) reductions in travel fre-
quency cause reductions in the frequency of automobile driver visits
to nonwork destinations. Travel time was found to have a substantial
effect on the frequency of nonwork automobile driver travel by the
households under consideration. Households for which travel times
are low have travel frequencies that are 13 to 48 percent greater than
the travel frequencies of households for which travel times are high.
Automobile operating cost was found not to have a statistically signif-
icant effect on the frequency of nonwork automobile driver travel.
The reductions in travel frequency associated with increases in travel
time are not compensated by increases in the average number of des-
tinations visited per trip. Instead, the frequency of automobile driver
visits to certain nonwork destinations—notably nonshop, nonwork des-
tinations—is reduced.

Policy measures being considered or implemented to
help alleviate energy and environmental problems caused
by the use of automobiles in cities include parking re-
strictions and increased charges for automobile use,
both of which are intended to discourage automobile
travel by making it costly or inconvenient. In addition,
environmental authorities are required to conduct pre-
construction reviews of certain types of new transporta-
tion facilities, such as highways, to determine whether
the automobile traffic generated by these facilities will
cause violations of air quality standards. The policy
measures are based on the premise that the demand for
automobile travel depends on the cost and convenience
of such travel. The requirement for review of new fa-
cilities derives, in part, from the same premise. The
concern is that, by reducing the cost or increasing the
convenience of automobile travel, new transportation
facilities may cause automobile travel and automobile-
related air pollution to increase.

The dependence of the demand for automobile travel on
cost and convenience is likely to manifest itself in different
ways for different types of travel. Inthe case of work

and school travel (referred to simply as work travel),
whose frequency and destination are fixed in the short
run, the dependence of demand on cost and convenience
is usually realized through the choice of mode. How-
ever, in the case of travel for purposes other than work
or school (referred to simply as nonwork travel), non-
automobile modes frequently are unavailable, and de-
pendence is more likely to involve travel frequencies
and destinations. The dependence also may involve de-
cisions on whether several destinations should be visited
during a multiple-destination (and, possibly, multiple~
purpose) tour,

Conventional travel demand models (1, 2) divide travel
into units of single-destination trips and assume that the
frequencies of these trips depend only on socioeconomic
and land use variables, Thus, these models provide no
information on whether changes in the cost and conve-
nience of automobile travel cause changes in the frequency
of nonwork automobile travel and the demand for multi-
destination automobile travel. Newer modeling approaches
indicate that the frequency of nonwork automobile travel
may depend on the cost and convenience of such travel.
For example, recently developed disaggregate models
of the demand for home-shop-home round trips (3, 4)
suggest that the frequency of these trips is a decreasing
function of the time and cost of travel from home to
shopping destinations. However, the disaggregate models
do not address the effects of travel time and cost on the
demand for nonshop, nonwork travel or on the demand
for multidestination travel.

Nonshop and multidestination travel has been ad-
dressed, to an extent, in surveys of traveler response
to the 1974 gasoline shortage. A survey of driving habits
before and during the gasoline shortage (5) reported that
""both driving for shopping and driving on social and rec-
reational trips decreased" during the shortage. A sur-
vey of driving habits during and after the gasoline short-
age (g) reported that nonwork automobile travel decreased
13 percent during the shortage. The survey indicated
that the principal cause of this decrease was reduced
gasoline availability and that changes in gasoline cost
had little effect on driving habits. The method of reduc-
ing automobile use most frequently considered by the
respondents was to make multidestination trips. How-



ever, the survey did not indicate whether this consid-
eration led to increased multidestination travel during
the gasoline shortage.

This paper describes an effort to extend the fore-
going work by developing estimates of the relationships
between the frequencies of certain types of nonwork
automobile driver travel, the extent of multidestination
nonwork automobile driver travel, travel times, and
travel costs. Specifically, the objectives of this effort
were

1. To test the hypothesis that the frequency of non-
work, automobile driver, home-to-home round trips by
households that do not have access to transit for non-
work travel is a decreasing function of the time and
cost of travel. The hypothesis is restricted to house-
holds without access to transit for nonwork travel be-
cause of the predominance of such households in many
cities and the potential policy importance of the re-
sponse of these households to changes in the cost and
convenience of automobile travel. In addition, restrict-
ing the hypothesis to households without access totransit
simplifies the analysis by avoiding the need to estimate
mode choice. The hypothesis focuses on round trips
that originate and terminate at home because these are
the predominant form of automobile travel for nonwork
purposes.

2, To test the hypotheses that households without
access to transit for nonwork travel tend to compensate
for increases in the time and cost of travel from home
to nonwork locations by (a) increasing the average
number of destinations included in nonwork, automobile
driver, home-to-home round trips; (b) visiting nonwork
destinations while traveling between home and work; and
(c) visiting nonwork destinations during round trips that
originate and terminate at work,

3. To test the hypotheses that changes in travel times

and costs result in changes in the frequencies of auto-
mobile driver visits to (a) shop destinations and (b) non-

shop, nonwork destinations by households that do not have

access to transit for nonwork travel.

4, To compare the frequencies of nonwork, automo-
bile driver, home-to-home round trips by households
for which travel times and costs are relatively high with
the frequencies of such trips by households for which
travel times and costs are relatively low and, thereby,
to estimate the magnitude of the change in the frequency
of nonwork, automobile driver, home-to-home round
trips that may result from changes in the time and cost
of these trips.

DATA

The data used in this analysis were obtained from the
1968 Washington, D.C., area transportation survey.
The data consist of individual household trip records
and socioeconomic information together with zone-~to-
zone travel times and distances for all pairs of traffic
zones in the Washington area. The socioeconomic in-
formation used in the analysis consists of household
size, automobile ownership, and income. The avail-
able income data were categorized as follows:

Scale Income ($) Scale Income ($)

1 0 to 2999 6 10000 to 11 999
2 3000 to 3999 7 12 000 to 14 999
3 4000 to 5999 8 15 000 to 19 999
4 6000 to 7999 9 20 000 to 24 999
5 8000 to 9999 10 25 000 or more

Households located in traffic districts in which more

than 5 percent of recorded nonwork trips were made by
transit were considered to have access to transit for
nonwork travel and were excluded from this analysis.
Households that do not own cars were found not to make
nonwork automobile driver trips and were excluded also,
as were households with incomplete travel or socioeco-
nomic data. All other households in the Washington
survey, 15 600 in total, were included in the data set
used for the analysis.

TRAVEL FREQUENCY, TRAVEL
TIME, AND TRAVEL COST
VARIABLES

To test the hypotheses formulated for this analysis re-
quires a unit of travel that encompasses both single-
and multiple-destination travel. The unit must retain
information on the number of destinations visited during
multidestination travel. Moreover, the unit must be
capable of distinguishing travel to nonwork destinations
that occurs during travel between home and work from
travel to nonwork destinations that takes place during
nonwork, home-to-home round trips. The conventional
travel unit, the trip, does not satisfy these require-
ments. A unit of travel that does satisfy the require-
ments was developed for use in this analysis by modify-
ing Ginn's concept of the tour (7).

The definition of tour was modified as follows. A
trip is defined in the usual way as a movement between
two locations that requires the use of a vehicle. Home,
work, and school are defined as base points. A tour is
defined as a movement that beginsg and ends at a base
point and is composed of one or more trips (e.g., from
home to shop to home), The destinations, if any, visited
between the base points of a tour (e.g., shop) are called
nodes. Nodes always represent locations other than
home, work, or school.

Three types of tours were defined for use in the anal-
ysis: tours for which both base points are home (type 1
tours); tours that include at least one node and have one
base point at home and the other at work or school (type
2 tours); and tours that include at least one node and
have both base points at work or school (type 3 tours).
Based on this taxonomy of tours, the four objectives of
the analysis can be restated as follows:

1. To test the hypothesis that the frequency of auto-
mobile driver tyne 1 tours by households without access
to transit for nonwork travel is a decreasing function of
the time and cost of travel from home to nonwork des-
tinations;

2. To test the hypotheses that households without
access to transit for nonwork travel tend to compensate
for increases in the time and cost of travel from home
to nonwork locations by increasing the average number
of nodes included in type 1 tours and by substituting
type 2 and type 3 tours for type 1 tours;

3. To test the hypotheses that changes in travel times
and costs result in changes in (a) the frequency of auto-
mobile driver visits to shopping destinations and (b) the
frequency of automobile driver vigits to nonshop, non-
work destinations by households without access to transit
for nonwork travel; and

4. To compare the frequencies of automobile driver
type 1 tours by households for which travel times and
costs are high with the frequencies of such tours by
households for which travel times and costs are rela-
tively low.

The variables used to characterize the time and cost
of travel from home to nonwork locations were adapted
from the concept of the inclusive cost of travel (3). The



Table 1. Variables used in the analysis.

Standard Standard
Name Definition Mean Deviation Name Definition Mean Deviation
TITOUR  Type 1 automobile driver tours per day 0.92 1.08 divided by TITOUR (defined only for
T2TOUR  Type 2 automobile driver tours per day 0.10 0.33 households for which TITOUR # 0) 1.33 0.69
T3TOUR  Type 3 automobile driver tours per day 0.04 0.22 HHS Household size 3.39 1.69
TOTALN Total daily automobile driver visits to CARS Automobiles owned 1.61 0.69
nonwork destinations 1.40 1,74 INC Income on scale of 1 to 10 6.01 2.09
SHOPN Total daily automobile driver visits to T Travel time variable in minutes 11.63  2.79
shopping destinations 0.56 0.88 (ag] Travel cost variable in 1968 dollars 0.22 0.06
NSHOPN  Total daily automobile driver visits to C/INC Travel cost divided by income 0.04 0.03
nonshop, nonwork destinations 0.84 1.36 DUM 1 Dummy variable equal to one if INC =1
T2NODE  Total daily automobile driver visits to and zero otherwise 0.03 0.17
nonwork destinations during type 2 tours 0.14 0.56 DUM 2 Dummy variable equal to one if INC = 2
T3NODE  Total daily automobile driver visits to and zero otherwise 0.02 0.14
nonwork destinations during type 3 tours 0.06 0.39 DUM 3 Dummy variable equal to one if INC = 3
NPT Total daily automobile driver visits to and zero otherwise 0.06 0.24

nonwork destinations during type 1 tours

T and C are defined at the household level of aggregation.

Table 2. Coefficients in equation for type 1 tours and for average
nodes per type 1 tour.

Average Nodes per Type 1

Type 1 Tours® Tour®
Variable Coefficient t-Statistic Coefficient t-Statistic
Constant 0.072 64 1.310 28
HHS 0.126 25 24.12° -0.024 25 -5.37°
CARS 0.258 96 19.33° 0.036 00 3.14°
INC 0.039 56 4,98° 0.006 14 0.85
T -0.022 49 -4,58° -0.001 13 -0.26
C/INC -0.016 75 -0.017 0.611 75 0.64
DUM 1 0.396 65 2.84° -G.060 68 -0.46
DUM 2 0.260 52 3.33° -0,027 52 -0.39
DUM 3 0.081 27 1.92 -0.057 28 -1.43
°R = 0.3027. bR = 0.0659. Statistically significant at 0.01 level.

travel time variable is computed at the district level of
aggregation and is the average travel time from home to
the nonwork destinations visited by the households located
in a traffic district, The travel cost variable is the aver-
age cost of operating an automobile between home and the
nonwork destinations visited by the households located in
a traffic district. When the district level, rather than
the zonal level, of aggregation is used, the travel times
and cost represent averages over large numbers of trips.
The use of zonal level travel times and costs reduces
the sensitivity of the analysis because of the large
variances of the zonal level time and cost variables.
Parking costs are not available in the Washington survey
data and, therefore, are not included in the travel cost
variable. However, the Washington data do indicate
whether parking was free or paid. In the data set used
for this analysis, 3 percent of the visits to nonwork,
nonschool destinations had paid parking.

The complete set of travel frequency, travel time,
travel cost, and socioeconomic variables used in the
analysis is given in Table 1.

STATISTICAL ANALYSIS

Three of the four objectives of this analysis involve hy-
pothesis tests. These tests were performed by estimat-
ing functional relationships of the form

Y =a,+a; T+a, (C/INC) + D bys; 6}

where Y is selected according to the hypothesis being
tested and

a, and b, = coefficients to be estimated,
= travel time variable,
C = travel cost variable,

INC
8¢

household income, and
socioeconomic variables.

The coefficients were estimated by using ordinary least
squares at the household level of aggregation. Hypoth-
eses were accepted if the appropriate coefficients had
the correct signs and were statistically significant at
the 1 percent level. A functional specification in which
cost was not divided by income also was tried but could
not be estimated successfully becauseof a high degree of
collinearity between the time and cost variables. This
collinearity problem is not present in the specification
shown.

To test the hypothesis that the frequency of automo-
bile driver type 1 tours is a decreasing function of the
time and cost of travel from home to nonwork destina-
tions, T1TOUR was substituted for Y in equation 1. The
resulting coefficient estimates and t-statistics are given
in Table 2. The dummy variables were included to ac-
count for the travel characteristics of the lower income
households. These households make more type 1 tours
than can be explained by the other variables alone.

The coefficients of the socioeconomic variables in
Table 2 indicate that the frequency of automobile driver
type 1tours is an increasing function of household size,
automobile ownership, and, outside of the lower income
classes, income. The coefficient of travel time is nega-
tive and statistically significant at the 1 percent level.
Thus, the hypothesis that the frequency of automobile
driver type 1 tours is a decreasing function of travel
time is accepted. The coefficient of travel cost is nega-
tive but is not statistically significant. The hypothesis
that the frequency of automobile driver type 1 tours is
a decreasing function of automobile operating cost is not
accepted.

The hypothesis that households compensate for in-
creases in the time and cost of travel from home to non-
work locations by increasing the average number of nodes
visited per type 1 tour was tested by substituting NPT,
the average number of nodes per type 1 tour, for Y in
equation 1, The coefficients of equation 1 were then
estimated by using a data set restricted to households that
made at least one type 1 tour. These coefficient esti-
mates are also given in Table 2, The negative coef-
ficient of household size and the positive coefficient of
automobile ownership indicate that increases in house-
hold size and decreases in automobile ownership tend
to result in fewer nodes visited per type 1 tour. In-
creases in household size and decreases in automobile
ownership tend to increase the number of individuals that
each household automobile must serve. This may reduce
household members' use of the automobile during the



Table 3. Coefficients in equation for type 2 and type 3 tours and for nodes visited on tours.

T2TOUR* T2NODE" T3TOUR’ T3NODE*
Variable Coefficient t-Statistic Coefficient t-Statistic Coefficient t-Statistic Coefficient t-Statistic
Constant 0.064 78 0.081 64 0,000 87 -0.006 00
HHS -0.006 63 -3.99° -0.012 08 -4.33° -0,002 79 -2.49" -0.005 98 -3.08°
CARS 0.032 58 7.63 0.053 38 7.41° 0.019 04 6.59° 0.034 41 6.91°
INC 0.007 27 3.58 0.010 23 2.99° 0.005 71 414 0.005 71 2.41°
T -0.002 58 -2.41' -0.003 74 -2.08" -0,001 48 -2.03" -0.000 33 -0.264
C/INC -0.198 50 -1.55 -0,184 25 -0.85 0,034 75 0.40 -0.063 25 -0.42
SR = 0.1025. bR = (.0903, °R = 0.0860. 9R =0.0770. €Statistically significant at 0.01 level. fStatistically significant at 0.05 level.

Table 4. Coefficients in equation for total nodes, shop nodes, and nonshop nodes.

TOTALN* SHOPN® NSHOPN®
Variable Coefficient t-Statistic Coefficient t-Statistic Coefficient t-Statistic
Constant 0.135 18 0.139 21 -0.006 16
HHS 0.127 06 14.95 0.054 15 12.28° 0.073 05 10.94¢
CARS 0.457 62 21.01° 0.125 57 11.12¢ 0.331 88 19.39°
INC 0.078 73 6.10° 0.019 22 2.87" 0.059 91 5,91
T -0.038 74 -4.85° -0.005 46 -1.32 -0.033 51 -5.34¢
C/INC 1.370 00 0.84 -0.361 50 -0.43 1.786 00 1.39
DUM 1 0.307 86 1.38 0.127 02 1.08 0.174 72 0.98
DUM 2 0.220 94 1.74 0.055 98 0.85 0.163 28 1.64
DUM 3 0.021 03 0.31 -0.022 30 -0.62 0.042 25 0.78
R =0,2724. bR = 0.1808. °R =0.2359 YStatistically significant at 0,01 level.

Table 5. Type 1 tour frequencies corresponding to 95th percentile,
bth percentile, and mean values of T.

Tour Frequency

95th Per- 5th Per-
centile of centile Mean 5th Percentile/
HHS CARS INC T of T of T 95th Percentile
1 1 1 0.61 0.69 0.66 1.13
1 1 2 0.48 0.60 0.55 1.25
2 1 3 0.41 0.60 0.53 1.48
2 1 4 0.40 0.56 0.49 1.38
2 1 5 0.45 0.60 0.53 1.35
4 2 6 0.93 1.14 1.06 1.23
4 2 7 0.95 1.18 1.10 1.23
4 2 8 0.99 1.22 1.14 1.22
4 2 9 1.03 1.25 1.18 1.21
2 2 10 0.75 1.05 0.97 1.40

periods of time required for multidestination tours and,

therefore, reduce the average number of nodes per tour.

The coefficients of travel time and travel cost (Table 2)
are not statistically significant. The hypothesis that
households compensate for increases in travel time and
cost by increasing the average number of destinations
vigited per type 1 tour is not accepted.

Another way that households might compensate for
increases in the time and cost of travel from home is
by selecting nonwork destinations that are convenient
relative to the work place or the home-to-work route
and by visiting these destinations during type 2 or type
3 tours. Such behavior would be suggested if increases
in either the frequencies of type 2 and type 3 tours or
the number of nodes visited on these tours were asso-
ciated with increases in travel time and cost. Hence,
the hypothesis that increases in the time and cost of
travel from home to nonwork destinations cause type 2
and type 3 tours to be substituted for type 1 tours was
tested by substituting T2TOUR, T2NODE, T3TOUR,
and T3NODE for Y in equation 1. The results are given
in Table 3,

The positive signs of the automobile ownership and
income coefficients in Table 3 and the negative sign of
the household size coefficient can be interpreted by ob-

serving that automobile driver type 2 tours can be made
only if an automobile is driven to work and that automo-
bile driver type 3 tours can be made only if an automo-
bile is available at work. Thus, increases in automobile
ownership and income, which tend to increase the like-
lihood that an automobile is driven to work, are as-
sociated with increases in the frequencies of type 2 and
type 3 tours and with increases in the numbers of nodes
visited on these tours. Increases in household size may
increase the need for a car at home, thereby decreasing
both the likelihood that a car is driven to work and the
frequencies of type 2 and type 3 tours.

The coefficients of cost in Table 3 are not statistically
significant. The coefficients of travel time are all nega-
tive and border on statistical significance. This suggests,
contrary to expectation, that both the frequencies of type
2 and type 3 tours and the numbers of nodes visited on
these tours tend to decrease as travel from home to non-
work locations becomes more time-consuming. In an
effort to interpret this result, the travel times associated
with type 3 tours and with detours to nonwork destinations
during type 2 tours were examined. It was found that, as
T increases, the time required to travel from work to
nonwork destinations and the time involved in detouring
from the home-to-work route to nonwork destinations
also tend to increase, thus causing type 2 and type 3
tours to be more time-consuming and less frequent. Ap-
parently households tend not to select nonwork destina-
tions near the work place or the home-to~-work route in
response to increased difficulty of travel from home.

The hypothesis that type 2 and type 3 tours are substi-
tuted for type 1 tours because of increases in the time
and cost of travel from home to nonwork destinations is
not accepted.

The foregoing results indicate that, as travel time
from home to nonwork destinations increases, the fre-
quency of automobile driver type 1 tours decreases.

This decrease in type 1 tour frequency is not compen-
sated by increases in the average number of nodes visited
per type 1 tour or in the frequencies of type 2 and type 3
tours. All tour types are insensitive to changes in auto-
mobile operating cost. These considerations suggest
that increases in travel time are associated with de-



creases in the frequency of automobile driver visits to
nonwork destinations but that changes in operating cost
do not affect the frequency of such visits. This hypoth-
esis was tested by substituting TOTALN for Y in equa~-
tion 1. The hypothesis that increases in travel time and
cost cause decreases in automobile driver visits to shop-
ping destinations was tested by substituting SHOPN for

Y in equation 1. The hypothesis that increases in travel
time and cost cause decreases in automobile driver
visits to nonshop destinations was tested by substituting
NSHOPN for Y in equation 1. The results are given in
Table 4.

The signs of the coefficients of household size, auto-
mobile ownership, and income in Table 4 are the same as
those in Table 2. This isto be expected, inasmuch as 86
percent of nodes are visited during type 1 tours. The
coefficients of the cost variable are all not significant,
indicating, as expected, that the number of nodes visited
by a household is insensitive to changes in the cost of
operating an automobile between home and nonwork des-
tinations. When TOTALN is the dependent variable, the
coefficient of travel time is negative and statistically
significant. Thus, the hypothesis that the frequency of
automobile driver visits to nonwork destinations de-
creases when the time associated with travel from home
to these destinations increases is accepted. When
NSHOPN is the dependent variable, the coefficient of
travel time also is negative and statistically significant.
However, when SHOPN is the dependent variable, the
coefficient of travel time is not significant. The hy-
pothesis that the frequency of automobile driver visits
to nonshop, nonwork destinations decreases when the
travel time from home to nonwork destinations increases
is accepted. The analogous hypothesis for automobile
driver vigits to shop destinations is not accepted.

The magnitude of the change in type 1 tour frequency
associated with changes in travel time was estimated
for 10 example socioeconomic strata corresponding to
different values of household size, automobile owner-
ship, and income. The 95th percentile, 5th percentile,
and average values of travel time associated with the
households in each stratum were determined. These
travel times and the corresponding automobile operat~
ing costs were substituted into equation 1 by using the
coefficients given in Table 2. The resulting type 1 tour
frequencies are given in Table 5. These frequencies
reflect the effects of variations in travel time actually
experienced by households in the Washington area.
Households with low travel times make 13 to 48 percent
more automobile driver type 1 tours than households
with high travel times, depending on socioeconomic
stratum.

CONCLUSIONS

The results presented here are consistent with the hy-
pothesis that travel time can have a substantial effect
on the frequency of nonwork automobile driver travel
by households that lack access to transit for such travel.
Acceptance of this hypothesis implies that to accurately
forecast the effects of new or modified transportation
facilities requires techniques that account for interac-
tions between travel time and travel frequency.
Automobile operating costs do not have a statistically
gignificant association with any of the travel frequency
variables considered here. This does not necessarily
imply that automobile operating costs have no effects
on these variables. However, the results suggest that
any such effects may be relatively small. For example,
the coefficient estimates in Table 2 imply that a 1 per-
cent increase in automobile operating costs would re-
duce the average frequency of type 1 tours by less than

0.08 percent with 95 percent confidence, whereas a 1
percent increase in travel time would reduce average
type 1 tour frequency by 0.29 + 0.12 percent with 95
percent confidence. Parking costs were not included
in the analysis. Thus, the foregoing conclusions do not
necessarily apply to them.

Reductions in nonwork travel frequency associated
with increases in travel time appear not to be compen-
sated by increases in the average number of nonwork
destinations visited per automobile driver tour. Rather,
the frequency of automobile driver visits to nonwork
destinations is reduced. Changes in automobile operat-
ing costs appear to have little or no effect on the average
number of nonwork destinations visited per automobile
driver tour. Substitution of multidestination tours for
single-destination tours is a frequently suggested means
of conserving resources expended in travel. The re-
sults presented here suggest that, at least when the in-
centives to conserve resources take the form of increases
in travel times or automobile operating costs, travelers
may not take advantage of this approach to resource con-
servation.
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