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Use of Density Function and Monte Carlo Simulation 

Techniques to Evaluate Policy Impacts on Travel Demand 

FRED L. MANNERING AND IAN E. HARRINGTON 

A modeling system Is prosonted that Is designed to ovaluaro the tra.el·rela·ted 
impacts of various energy contingency plans. Tho proposed modoling systom 
uses constructed probubllily density functions and Monte Carlo simulation 
techniques in an effort to reduce overall data requirements and allow for 
ready adaptability to a numbor of a.ltcmativo geographic orcoi. The resulting 
computer model provide·s for both an acceptable degree of accuracy and an in· 
heronr ·flexibility and thus represents a general Improvement over comparable 
existing modeling techniques that possess the capability to forecast the im· 
pacts of energy contingency plans. To demonstroto tho applicability of the 
computer model, a number of energy contingency olternntivos were evaluated 
at the national level. These alternatives included speed-limit enforcement and 
reduction, a four-day work weak, vehicle modifications, ond plans involving 
household·based vehicle stickers and vchicle·bnsed stickers. Model applica· 
dons reveal thnt n relatively wide range of rosulu, including potontial roduc· 
tions in fuel consumption, modal shifts, and income effects, is indicated by 
the enactment of these alternatives. The rosults prosontod in tho study arc In· 
t.entlod for use only os ouidelinos in tho selection of an oppropriato contingency 
plan, and organlzalionnl, institutional, and implomo111111ion foctors not ex· 
p!lcltly addressed must also be considorod. However. in terms of forecasting 
capability, tho research Indicates that trnvel demand forecasts can, in fact, be 
made wltlt very modest data roquiromont•. 

Recent national concerns relating to the uncertainty 
of future energy supplies have generated the need to 
develop standby energy contingency plans in an ef­
fort to ease the consequences of potential fuel-sup­
ply interruptions. Tbe primary objective of such 
plans is to equitably reduce the demand for fuel, 
thereby preventing or limiting the formation of 
queues at gasoline stations and other undesirable 
effects that result from a fuel shor-tage . Regret­
tably, analytic tools currently available for fore­
casting the reductions in fuel demand induced by 
alternative energy cont ingency plans are highly re­
strictive in terms of their data requirements and 
their regional transferability. Furthermore, exist­
ing analytic techniques often have methodological 
approaches that limit their applicability in eval­
uating the impacts of various energy contingency 
policies. 

The purpose of this study is to develop a sound 
analytic framework specifically designed to address 
the issue of the evaluation of energy contingency 
plans. The proposed framework is designed to over­
come the deficiencies of previous analytic efforts 
in this area and to provide a process that is read­
ily adaptable to a variety of possible contingency 
planning applications. 

This paper first presents a summary of the prob­
lem addressed in the study. The discussion is then 
directed toward t.he development of the modeling sys­
tem, and the analytic techniques used are empha­
sized. The balance of the paper provides a number 
of sample applications of the modeling system in 
which the impacts of several energy contingency 
planning options are estimated. 

THE PROBLEM 

As shown in Figure 1, a fuel-supply shortage occurs 
when the available supply of gasoline falls below 
the current level of consumption (from Q1 to 
Q2J. Because consumers thus wish to purchase more 
gasoline than is available, accordi.ng to the basic 
economic laws of a competitive market, the value 
consumers place on the remaining supply will be in-

creased (from P1 to P3) in order to distribute 
the scarce good. 

Since price controls prevent the retail price of 
gasoline from rising freely to its shortage equilib­
rium level (P3), the demand for gasoline at the 
preshortage pump price remains greater than the 
available supply, and consumers form queues at ser­
vice stations in an attempt to obtain their desired 
share of the constrained supply. Thus, the cost to 
consumers of waiting in line replaces the increase 
in the retail price of gasoline in raising the price 
to its shortage e qui librium level. 1\ major objec­
tive of contingency plans is to reduce the shortage 
equilibrium price and service-station queues by 
lowering the demand for gasoline at price P1 from 
Q1 toward Q2. 

Such a measure causes a shift in demand from D1 
to o2, thus reducing the shortage equilibrium 
price of gasoline (the price at ~hioh consumers will 
want to purchase the Q2 gal of gasoline that are 
available) from P3 to P2 , and the net effect of 
the contingency measure is thus to move the point of 
market equilibrium from point D to point C. 

MODEL OBJECTIVES 

The primary objectives of the proposed modeling pro­
cess can be classified into five broad categories: 

l. To develop a policy-sensitive model that is 
consistent with the supply-shortage framework pre­
sented above; 

2. To provide the capability to forecast a wide 
range of travel demand information, including such 
factors as modal split, fuel consumption, vehicle 
miles of travel (VMT), and trip length; 

3. To achieve an acceptable level of accuracy 
with minimal data requirements; 

4. To incorporate an inherent flexibility so 
that the model can be easily adapted to a number of 
alternate geographic areas; and 

s. To minimize model-run computer costs and gen­
eralize the program so that it can be implemented on 
most large-scale computational facilities. 

Several existing modeling systems, most of which 
are discussed in some detail in an NCHRP report (!), 
were found to satisfy some of the objectives listed 
above. These models were generally judged to be in­
adequate for the intended application purposes of 
this study because they have relatively large data 
requirements, produce many related outputs that are 
of little interest in relation to the problem at 
hand, and use modeling components that are highly 
time and place specific. 

Once the shortcomings of existing modeling ap­
proaches were considered, it was decided to develop 
a modeling procedure that would incorporate t he ap­
plicable features of existing models and/or be based 
on newly calibrated models. The disaggregate ap­
proach, which includes the application of behavioral 
choice modeling techniques, was found to be most 
suitable. 

Several problems do arise, however, in the use of 
disaggregate models. The large amounts of data 
needed for the calibration of disaggregate models 
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Figure 1. Effects of fuel-supply shortages and contingency measures on 
gasoline price and demand. 
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are not readily available. This implies that the 
use of existing calibrated models is necessary, and 
hence the results are subject to errors because of 
limits in model transferability. In addition, the 
problem of possible bias in aggregating resultant 
disaggregate forecasts arises. 

After consideration of these arguments, it was 
decided to construct a modeling system based on a 
series of existing calibrated disaggregate models. 
This paper discusses the handling of the aforemen­
tioned problems with disaggregate models and ex­
plains precisely how these selected disaggregate 
models are incorporated into the overall modeling 
system. 

MODELING APPROACH 

The entire modeling approach is structured so as to 
be compatible with simulated data. The use of simu­
lated data, derived from constructed probability 
density functions, offers several advantages over 
the use of collected data, including (a) easy adap­
tation to different geographic areas (i.e., a major 
data-collection effort is generally not needed when 
the modeling system is transferred), (b) less ex­
pense in terms of possible data collection and even­
tual computer-related costs, and (c) greatly reduced 
model implementation times. 

Unfortunately, a number of disadvantages are as­
sociated with the use of simulated data, such as the 
fact that the assumed density functions are only ap­
proximations of actual density functions and the co­
variances between variables are difficult to account 
for. Despite these disadvantages, it was felt that 
the attractive features of the simulation approach 
provided a strong basis for its use. Furthermore, 
with the implementation of techniques directed to­
ward limiting the impacts of the inherent disadvan­
tages of the simulation approach, the overall , ac­
curacy of such an approach could be greatly enhanced. 

Once the capabilities and limitations of disag­
gregate models and data simulation techniques were 
considered, the overall modeling system was designed 
to forecast policy-induced changes in factors such 
as (a) trip modal shares by trip type (work, shop­
ping, and social-recreational), (b) VMT by trip 
type, (c) trip generation rates and trip lengths, 
(d) fuel consumption, and (e) effective fuel "shadow 
prices", defined here as the fuel pump price needed 
to clear the market under given shortfall and con­
tingency plan combinations. 
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In addition to providing total "regional" values 
for the above factors, the model was designed to 
have the capacity to determine values for any arbi­
trary subset of the population (e.g., low-, mid­
dle-, and high-income groups). An overview of the 
resulting modeling system is shown in Figure 2 • 

As Figure 2 indicates, the system includes models 
for (a) carpool size, (b) work-trip modal choice, 
(c) shopping-trip generation, (d) social-recrea­
tional trip generation, (e) social-recreational trip 
destination and modal choice, and (f) shopping-trip 
destination and modal choice. All of the models, 
with the exception of the model for work-trip modal 
choice, were developed by Cambridge Systematics, 
Inc., for the Metropolitan Transportation Commission 
(MTC), by using data from a 1968 San Francisco home­
interview travel survey (2,3). The work-trip 
modal-choice model was devel~p;d by Ben-Akiva and 
Atherton by using data from a 1968 Washington, D.C., 
travel survey. A more detailed explanation of these 
models is given elsewhere (2,4). 

The models for work-trip ;odal choice, shopping­
trip destination and modal choice, and social-rec­
reational trip destination and modal choice are all 
random utility models of the multinomial legit 
form. Information relating to the calibration tech­
niques and general properties of such logit models 
is well documented in several sources, most notably 
by Domencich and McFadden (5). 

In addition, the model for carpool size is of a 
conventional linear regression form, whereas the 
trip-generation models assume a nonlinear regression 
form. The models for both shopping and social-rec­
reational trip generation provide for an interaction 
with transportation level of service by including 
the natural logarithm of the denominator of the re­
spective destination/modal-choice model as an inde­
pendent variable. The variable is referred to as 
the log sum of a logit model and represents the ex­
pected value of the maximum utility of the destina­
tion/modal-choice set. 

SIMULATION TECHNIQUES 

The use of simulation techniques serves two basic 
purposes: (a) to reduce aggregation bias and (b) to 
provide the desired level of forecasting detail. A 
summary of the simulation techniques developed for 
use in this study is presented in the following sec­
tions. 

Aggregation Bias 

Since disaggregate models provide information only 
on household-level decisions, the issue of expanding 
the results to represent aggregate values must be 
addressed. The potential for aggregation bias 
arises from two sources: (a) the nonhomogeneity of 
the population and (b) the fact that the choice 
probabilities in disaggregate logit models are non­
linear. Aggregation bias can be completely elimi­
nated by simply summing or averaging the individual 
choice probabilities of the entire population being 
considered. Unfortunately, the data requirements 
for such an approach are unrealistically large, 
since the complete multivariate distribution of ex­
planatory variables is required. To overcome this 
problem, a number of techniques have been proposed 
as a means of approximating the true distribution of 
explanatory variables in the population. These dis­
tribution estimation techniques include (a) enumera­
tion, (b) density functions, (c) distribution mo­
ments, and (d) classification. More information on 
distribution estimation techniques is given by Kop­
pelman (6) and Reid (7). 

In view of the ob}ectives of this study, it was 
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Figure 2. Overview of modeling process. 
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determined that a hybrid technique of distribution 
estimation would be most suitable. The estimation 
technique eventually developed relies heavily on the 
density-function approach and uses C·lassification 
techniques as a means of approximating the joint 
distributions of key variables. It is assumed that 
the variables have multivariate normal distribu­
tions. Unfortunately, the number of data needed to 
construct the necessary distribution, which requires 
an approximation of the true variance-covariance 
matrix, tends to be prohibitively large. To over­
come this problem, and thereby satisfy the study ob­
jective of minimal data requirements , univariate 
normal distributions were used along with a classi­
fication procedure that provides for a covariance 
between critical variables. 

The data needed to construct univariate normal 
distributions are generally readily available to 
local and state agencies, since all that is needed 
is the appropriate means and variances. When the 
necessary data are obtained, the issue of continuous 
variables (such as income and residential density) 
and discrete variables (such as automobile ownership 
and licensed drivers per household) must be ad­
dressed. In the current study, all variables are 
initially assumed to be continuous, and discrete 

ADJUST 
CONSTANTS 

values are determined, where appropriate, from the 
constructed continuous distributions by transforming 
the distribution to provide only integer values. 
The univadate normal distributions are often trun­
cated to eliminate the possibility of negative or 
"unrealistic" values. 

The classification procedure used to approximate 
the covariance between critical variables comprises 
two steps : (a) separating the popu1.ation into 
nearly homogeneous subsets by using influential 
variables, such as income, as a basis, and (b) con­
structing univariate normal distributions of criti­
cal variables for each subset of the population. 
The use of this procedure provides an approximation 
of the true multivariate distribution through the 
application of a number of univariate distribu­
tions. The finer the classifications used, the more 
accurate is the approximation of the underlying mul­
tivariate distribution. Regrettably, since fineness 
of classification greatly increases data require­
ments, a trade-off must be made between accuracy and 
data needs. 

The application of the classification technique 
generates a mUltioentered multivariate normal dis­
tribution, which cannot be illustrated here 1,ecause 
of space requirements. This resulting distribution 
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can, however, provide an efficient approximation to 
the true multivariate distribution depending on the 
level of classification and the number of univariate 
distributions constructed from such classifications. 

In addition to the type of density functions de­
scribed above, some dummy variables (taking values 
of zero or one), such as government worker and cen­
tral-business-district destination, were estimated 
simply by assuming a uniform distribution and an ap­
propriate probability. 

In the current study, the distributions were con­
structed on the basis of national data provided in a 
number of sources (J!.-11) . These distributions are 
presented elsewhere (12) • 

Aggregation Procedure 

The constructed distribution of explanatory vari­
ables can now be used in conjunction with the disag­
gregate models described earlier to provide ag·gre­
gate forecasts. As mentioned previously , aggregate 
predictions can be obtained directly by summing or 
averaging the cho ice probabilities for all individ­
uals in the population (i.e., complete enumera­
tion). This procedure can be represented in inte­
gral form as follows: 

C1 = f gi (x) h(x) dx 
x 

where 

h(x) 

share of the population selecting al­
ternative i, 
representation of the specification of 
the choice model, and 
distribution of model variables for the 
total population. 

(!) 

When the exact distribution of model variables is 
known, the above integration produces the same re­
sults as complete enumeration. However, since the 
distribution of variables in this study is only an 
approxima tion of the true distribution, the results 
are likely to differ from the complete enumeration 
case, although this difference can be expected to be 
tole rably small . 

With the specification of the choice models known 
and the distribution of variables constructed, it 
now becomes necessary to evalua.te the above integral 
to obtain ag.gregate results. ·rhe procedure used for 
this evaluation is a Monte Carlo integ·ration tech­
nique. This technique uses the constructed density 
functions to generate pseudo households and the re­
sults of subsequent applications of the disaggregate 
models are summed to approximate the actual integral 
value. Such an explicit integration technique can 
be readily applied on many computer systems. The 
accuracy to which the actual integral is approxi­
mated is obviously directly related to the number of 
pseudo households generated . Experience with the 
model has shown that 500-1000 households are gen­
erally sufficient to provide an acceptable level of 
accuracy. 

In summary, the aggregation technique presented 
above provides (a} efficient use of available data, 
(bl an acceptable level of forecasting accuracy, (c) 
an inexpensive and theoretically sound approach, (d) 
easy adaptability to different geographic areas, and 
(e) the ability to predict separate results for 
selected population subsets (e.g., change in VMT for 
low-, middle-, and high-income groups). 

Alternative Destination Simulation 

The destination/modal-choice models 
trips and social-recreational trips 

for shopping 
estimate the 
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probabilities of selecting a specified mode for 
trips to a number of alternative destinations. The 
available modes in these models are automobile and 
transit, and in the analysis 10 alternative destina­
tions are provided for each pseudo household (i.e., 
the total number of choice alternatives is 20) • 
Each alternative destination has specific character­
istics assigned to it, such as distance from trip 
origin and retail employment density. These char­
acteristics are assigned by using density functions 
(constructed from the data sources referred to 
above) and the Monte Carlo procedure. Such an as­
signment permits the determination of the expected 
change in trip length induced by an applied policy 
option. The technique accounts for the ability of 
households to satisfy shopping and social-recrea­
tional trip demands at a number of alternate loca­
tions. 

It should be noted that, since the modeling sys­
tem used in this study considers only short-term ef­
fects, possible changes in residential and workplace 
location are not considered. Hence, trip distances 
to alternative shopping and social-recreational des­
tinations and work-trip lengths remain constant. 

Model TransferabiLity 

The disaggregate models used in this analysis were 
calibrated by using various data sources; hence, the 
issue of applying these models to different geo­
graphic areas must be considered. A number of 
studies have been undertaken to evaluate the poten­
tial transferability of disaggregate models, most 
notably the study by Atherton and Ben-Akiva (13). 

That study concluded that the transferability of 
model coefficients relating to variables such as in­
come and travel time was justified on theoretical 
grounds and empirical evidence . Bowever, no theo­
retical basis was found to exist for the transfer­
ring of model constant terms, since by definition 
such terms capture a wide range of miscellaneous 
factors that affect the choice process and that can 
be expected to vary considerably between geographic 
areas . 

In light of these findings , a procedure was used 
to systematically adjust the model constant terms 
before the application of the disaggregate models to 
the study region (the remaining 1nonconstant model 
coeffic ients are assumed to be perfectly transfer­
able). This procedure consists of two steps: (a) 
generating a sample of pseudo households from the 
constructed density functions and applying the Monte 
Carlo integration procedure to estimate aggregate 
values and (b) comparison of the aggregate values 
calculated above with the actual observed regional 
values. (If differences in these values exist, ap­
propriately revise the constant terms and repeat the 
process.) The application of this process provides 
a bosis for min imizing errors that result from the 
transferabili ty assumption and provides for ready 
adaptability of the overall modeLing system to al­
ternate geographic areas. In addition, to limit 
computer memory costs, the impacts of alternative 
policy options are evaluated for each pseudo house­
hold during the Monte Carlo aggregation procedure by 
applying the incremental logit model (14). This 
avoids the reapplication of the complete logi t 
model, since subsequent recalculation of systematic 
utilities is not necessary. 

Shadow Price 

The model also has provisions for calculating the 
"shadow price" of gasoline for any combination of 
supply shortage and contingency measures. The pro­
cedure used to estimate this price, which is illus-
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trated in Figure 1, can be described as follows. 
First, determine the change in the demand for 

fuel at price P1 that results from implementing 
the contingency mea sure (Q1 - Q*). Then, compare 
the estimated drop in fuel demand at price P1 with 
the extent of the supply reduction (Q1 - Q2) . 
If they are equal, P2 equals P1 . However, if, 
as in most instances, the demand reduction does not 
equal the cut in supply, P2 wiil not equal P1 • 
In this case, the price of gasoline is thus system­
atically adjusted from Pi (using an iterative 
procedure) until the postmeasure demand for gasoline 
(on curve D2l is equal to the constrained supply 
(Q2). The price at this point is P2 , which is 
defined as the gasoline shadow price. 

MODEL APPLICATIONS 

The model described in this paper has been applied 
to several contingency-measure and supply-shortage 
scenarios in order to illustrate some of its capa­
bilities and to evaluate the effectiveness of 
various contingency measures. In addition to esti­
mating the reduction in demand expected from the 
measures, their net effects on travel and fuel con­
sumption are also evaluated, all at the national 
level. 

Since the net effect of a contingency measure is 
estimated by comparing the changes it produces in 
the equilibrium price of gasoline and the ·distribu­
tion of consumption and travel with those changes 
produced by a supply shortage, the characteristics 
of points C and D in Figure l should be compared to 
obtain an estimate of a measure's net effect. How­
ever, still referring to Figure 1, although the 
changes occurring between points A and D are readily 
estimated by the computer model (by increasing the 
fuel p rice from Pi to P3), estimating the 
changes between points A and C is costly because of 
the high computational requirements. As a result, a 
more cost-effective proportionality technique that 
does not significantly sacrifice accuracy is de­
veloped and used to measure the net effects . 

Assuming that the price elasticities of demand 
curves D1 and o2 are equal, it can be shown that 
the proportional changes in desired fuel consumption 
and travel between points B and C would equal the 
proportional changes between points E and D. There­
fore, the proportional differences between the ch~r­
acteristics of points C and D are equal to the pro­
portional differences between the characteristics of 
points B and E. Since the changes produced by the 
measures discussed here are relatively small, the 
price elasticity of demand is not likely to change 
significantly; so the net effect of a contingency 
measure is thus estimated by comparing the changes 
between points A and B with the changes between 
points A and E. 

While the changes between points A and B are es­
timated by the model, the price of fuel at point 
E(P*) must be estimated so that the model can esti­
mate the changes between paints A and E. Thus, 
again as suming curves D1 and D2 have equivalent 
price elasticities, P" can be es timated as follows: 

(2) 

Following is a discussion of the application of 
the model to five contingency measures and the re­
sults obtained. However, this discussion must be 
prefaced by a brief review of the expected impacts 
of a supply shortage if no contingency measures are 
implemented. 
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Fuel - Supply Shortage 

A fuel-supply shortage of 7 percent is represented 
by determining the shortfall equilibrium price (P3 
in Figure 1) through an iterative procedure that 
consists of changing the price of gasoline until the 
amount of gasoline normally consumed at that price 
equals the constrained supply. Assuming a 7 percent 
shortage in supply and an initial price (P1l of 
$0.32/L, P3 is estimated to be $0.46. This per­
mits the estiJ11ation of P• for each contingency-mea­
sure scenario under these assumptions, once the 
shadow price (P2l resulting from the measure's im­
plementation has been estimated (Equation 2). 

Osing the increase in price of gasoline from P1 
to P3 to represent the supply shortage, the model 
indicates larger impacts on shopping and social-rec­
reational trips than on work trips, since households 
desire to maintain their normal commuting prac­
tices. The majority of the reduction in shopping­
trip VMT results from changes in trip l e ngth as 
households satisfy trip demands by selecting closer 
alternative destinations. A much smaller portion of 
the reduction in shopping-trip VMT is attributable 
to modal shifts and trip generation rates. The in­
duced modal shifts and decreases in trip generation 
rates for social-recreational trips have a much 
larger effect on VMT reduction than was observed 
with the reduction in shopping-trip VMT. This re­
sults from the fact that the social-recreational 
trips generally have a greater sensitivity to util­
ity function cost components. 

Contingency Measures 

Reduction of Travel Speed 

In the first scenario, two speed-limit plan alterna­
tives are analyzed. These alternatives can be sum­
marized as follows: (a) Compliance with the 55-
mile/h speed limit is increased from the current 42 
percent (based on 1977 Highway Statistics) to 70 
percent, and (bl the maximum speed limit is reduced 
from 55 to 50 miles/h, with a 42 percent compliance 
level. 

The most difficult problem encountered in con­
sidering such changes in speed limits and/or compli­
ance is the estimation of future vehicle speed dis­
tributions. Eor the purposes of this analysis, the 
existing speeds were assumed to have a profile that 
could be approximated by a truncated normal distri­
bution. On the basis of this normality assumption 
and existing speed data, an average speed of 56. 5 
miles/h and a standard deviation of 5. 5 were 
selected as normal speeds on 55-mile/h roads. Under 
alternative 1, it was assumed that (a) vehicles cur­
rently traveling at speeds less than 55 miles/h will 
be unaffected and (b) those vehicles currently 
traveling at speeds in excess of 55 miles/h will not 
reduce their speeds to less than 55 miles/h. An ap­
propriate "mean average speed drop" was selected to 
ensure that 70 percent of the simulated vehicle­
speed observations had speeds at or less than 55 
miles/h. For alternative 2, it was assumed that (a) 
vehicles currently traveling at speeds less than 50 
miles/h would not be affected, (bl vehicles travel­
ing at speeds between 50 and 55 miles/h would reduce 
their speeds to 50 miles/h, and (c) vehicles travel­
ing at speeds in excess of 55 miles/h would reduce 
their speed by an average of 5 miles/h. 

It is estimated that 47.2 percent of all automo­
bile VMT is on roads with 55-mile/h speed limits. 
Unfortunately, the percentage of VMT on 55-mile/h 
roads by trip type is not readily available. It is 
unreasonable to suggest, for example, t.ha.t shopping 
trips, which have average lengths of about 5 miles, 
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Table 1. Estimated effects of contingency 
measures. 

Category 

Total change 

Measure 

VMT by trip type 
Work 
Shopping 
Social-recreational 

Change(%) 

Speed Reduction 

Alt. 1 Alt. 2 

a a -
- 2.0 - 5.0 
- 1.0 -2.5 
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Household Sticker 
Four-Day 
Work Week Weekend Weekday 

- 11.6 -2.8 -10.3 
- 0.5 -3.0 -3.9 
-2.9 -4.6 -1.6 

Work-trip modal share 
a a Drive alone - +1.9 -4.7 -18.0 

Shared ride -a -a -5.0 +11.3 +43.2 
Transit -a a -6.5 +11.0 +39.2 

Average automobile trip length 
a a Shopping -1. 7 -4.3 +0.3 -

Social-recreational -0.4 - 0.9 +1.0 -a -a 

Total fuel consumption -1.5 -3.4 -5.9 -3.4 -5 .7 

Net changeb VMT by trip type 
Work +0.2 +0 .4 -11.0 -2.4 -9.7 
Shopping -a -1.1 +5.5 +0.9 +4.0 
Social-recreational +2.2 +3.7 +6.4 +1.6 +S.7 

Work-trip modal share 
Drive alone +0.3 +0.6 +2.9 -4.1 - 17.0 
Shared ride -0.5 -I.I -7.7 +10.2 +41.5 
Transit -1.6 -3.l - 11.3 +7.9 +34.4 

Shadow price of gasoline -8.6 -15.l - 21.6 - 15.2 -21.4 

8 No change or insignificant change. 

will have the same percentage of VMT on 55-mile/h 
roads as social-recreational trips, which have aver­
age trip lengths of about 12 miles, since access to 
such roads is a fixed distance that will make up a 
larger portion of the total shopping-trip length 
than the social-recreational trip length. To ac­
count for this fact, the 47.2 percent of VMT on all 
roads was appropriately adjusted to account for trip 
type by applying a trip-length proportionality tech­
nique. Furthermore, it was assumed that the per­
centage of VMT on 55-mile/ h roads would be normally 
distributed about the mean for the trip type with a 
specified standard deviation. This allows a realis­
tic variance among households and trip destination 
alternatives. 

The resulting estimates of the effects of the two 
alternative measures on normal travel and consump­
tion patterns are given ih Table 1. The impact of 
the two alternatives on work-trip VMT is negligible 
due to the inflexibility of the work trip in the 
short- and medium-range time periods. Furthermore, 
the decrease in automobile operating costs and the 
increase in travel time essentially off set each 
other so that no significant modal shift occurs. 

Shopping trips were found to be the most sensi­
tive trip type in both of the alternatives tested. 
This results from the fact that time is a relatively 
more important consideration on shopping trips than 
it is on social-recreational trips or work trips. 
In addition, shopping-trip generation, destination, 
and modal selection are more responsive to increases 
in time than to decreases in operating costs and, as 
a result, significant reductions in VMT occur. The 
majority of this decrease was attributable to de­
creases in average trip length as households 
selected shopping destinations closer to home. 

Social-recreational trips also made significant 
contributions to the overall decrease in VMT. In 
this case, a much smaller portion of the VMT reduc­
tion is attributable to decreases in trip length 
and, consequently, decreases in trip generation and 
modal shifts play a more important role. 

The total reductions in fuel consumption of 1. 5 
and 3.4 percent for alternatives 1 and 2, respec­
tively , largely result from a de creased VMT attrib­
utable to increased travel times, although in­
creases in vehicle fuel efficiency still make a 
substantial contribution to these totals. Both of 

bln comparison with do-nothing alternative. 

the alternatives tested indicate that high-income 
groups are invariably more sensitive to speed-limit 
changes, since they experience significantly greater 
r eductions in VMT. 

In summary, the net effects of these measures, 
given in Table 1, include considerable reductions in 
the shadow price of gasoline, net increases in VMT 
for all trip types (particularly social-recreational 
trips), and a disproportionate effect on high-income 
households. 

Four-Day Work Week 

The second scenario evaluates the impacts of the im­
plementation of a four-day work week. To apply this 
policy option, it is first necessary to estimate the 
extent of compliance with such a plan. The assump­
tion of 100 percent compliance is clearly unrealis­
tic, since the nature of a number of jobs makes at 
least a five-day schedule nece s sary. As a result of 
such factors, a compliance leve l of 63 percent was 
selected, which is consistent with compliance esti­
mates made in a previous study (l.2_). If it is 
further assumed that the average reduction in week­
day work-trip travel will be 20 percent among com­
plying individuals (with a reduction from five- to 
four-day work weeks) , then a 12. 6 percent reduction 
in work travel would be expected (with 6 3 percent 
compliance), providing that no modal shifts occur. 

Representation of the four-day-work-week plan in 
the modeling system was achieved by appropriately 
adjusting (a) the automobile-availability variables; 
(b) the employment-density variable in the models 
for work, shopping, and social-recreational trips i 
and (cl the number-of-worker variables. The adjust­
ment procedure for the automobile-availability vari­
able was to randomly select 12.6 percent of the 
household sample to represent those household indi­
viduals who were in compliance with the work plan 
and were not making work trips on the selected work 
day. For both shopping and social-recreational 
trips, the automobile-availability variables of 
these selected households were increased by the 
number of vehicles no longer being used for work 
trips and the number-of-worker variables were ad­
justed accordingly. A subsample of households was 
randomly chosen to represent those households that 
are in compliance with the plan but happen to be 
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making work trips on the selected work day. For 
these households, the automobile-availability vari­
able of the work-trip model was increased by 20 per­
cent of the vehicles normally available for work 
trips. This increase reflects the fact that many 
shopping and social-recreational trip demands are 
now satisfied during the nonwork days and so such 
trip types do not compete as much for available 
automobiles during work daysi hence, there is an ef­
fective increase in work-trip automobile avail­
ability. 

Two approaches were used in making the employ­
ment-density adjustments: 

1. For employment density at the work zone and 
for the retail and service employment densities in 
the residential zones, uniform reductions of 12.5 
percent [selected on the basis of estimated work­
force reductions (14) I were used to approximate the 
reductions in densities resulting from the closing 
of retail establishments. 

2. For the retail employment densities of alter­
native shopping and social-recreational trip desti­
nations, a random elimination technique was applied 
because the uniform adjustment approach would not 
provide for a realistic variability. The technique 
used randomly eliminates alternative destinations 
from the set of available destinations with an elim­
ination probability of 0.125 for each shopping and 
social-recreational trip generated by the house­
hold. This technique attempts to capture the possi­
bility that certain destinations will no longer be 
able to satisfy the trip demand due to store clos­
ings. 

The application of the above assumptions resulted 
in the model outputs summarized in Table 1. The re­
duction in work-trip VMT is quite large, but it is 
noticeably less ·than the 12. 6 percent reduction that 
would be expected on the basis of the compliance as­
sumption described above . This apparent discrepancy 
results from induced modal shifts that arise from 
the effective in.crease in work-trip automobile 
availability among households with individuals who 
are in compliance with the plan and the decrease in 
work-tdp-destination employment density, which de­
creases the attractiveness of the shared-ride op­
tion. The resultant modal shift cons ists of a mild 
increase in the drive-alone option and subsequent 
reductio~:;, it: ohai:'_ed - c:-idc ai-1a Lre1nsli:. alternatives. 

Both shopping and social-recreational trips 
showed decreases in total VMT. Such decreases are 
caused by rather large reductions in trip generation 
rates, since the overall attractiveness of trip 
making declines with reductions in effective employ­
ment densities. In fact, the reductions in trip 
genei:ation rates were sufficiently large to overcome 
the effects of factors that tend to increase Vl>IT, 
such as (a) modal shifts to automobile resulting 
from the additional automobile availability among 
house.holds that are in compliance with the shorter 
work week, (b) an increased propensity to generate 
trips as the reduction i n residential-zone employ­
ment densities decreases the probability of satisfy­
ing trip demands by making nonvehicle trips , and (c) 
the increase in average automobile trip lengths as 
households are forced to drive to different destina­
tions to satisfy trip demands as the result of store 
closings. 

The 5. 9 percent overall reduction in fuel con­
sumption indicates that the plan has considerable 
fuel-saving potential even with the modest compli­
ance estimates used in this analysis . The resulting 
shadow price of $0.37/L represents only a small in­
crease over the base price of $0.32/L. In add ition, 
the implementation of the four-day work week was 
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found to produce greater reductions in VMT among 
high-income households . This is due to the fact 
that lower-income households are more sensitive to 
changes in automobile availability, so much so that 
their greater sensitivity to reductions in employ­
ment densities is overcome. 

In general, the four - day-w0rk-week contingency 
plan appears to be quite effective in terms of re­
ducing fuel demand. Furthermore, although the plan 
causes greater VMT reductions among high-income 
households, the differential impacts across income 
groups tend to be relatively small. The net effects 
of the plan (Table 1) are mainly to shift VMT from 
work trips to shopping and social-recreational 
travel and to shift work trips to the drive-alone 
mode. 

Household-Sticker Plan 

The third scenario evaluates the travel impact of a 
sticker plan that prohibits the use of all household 
vehicles for one day of the week. A major potential 
source of error in evaluating this plan is in esti­
mating the number of households whose members will 
choose not to drive their vehicles on weekdays as 
opposed to weekends. Because of the significant 
differences in travel behavior between weekday and 
weekend trips, two alternatives were analyzed: One 
assumed that all households will select weekdays as 
those days in which their vehicles will not be 
driven, and the other assumed that all households 
select weekends. These two extreme cases will pro­
vide a range of likely consequences arising from the 
implementation of such a plan. 

The representation of the plan in the modeling 
system is achieved by reducing the appropriate auto­
mobile-availability variable to zero in the models 
for shopping and social-recreational trips and to 
eliminate the drive-alone alternative in the work­
trip modal-choice model. For the all-weekday 
alternative, it was assumed that the probability of 
selecting any given weekday is equal at 0.2, and 
households that did not have automobiles available 
on any given day were drawn at random. Furthermore, 
the fact that 90 percent of all work trips occur 
during weekdays and only 54 and 26 percent of shop­
ping and social-recreational trips, respectively, 
occur during such days was also incorporated in the 
analysis (!!,~). As a result, the all-weekday as­
sumption would be expected to have less impact on 
the demand for shopping and social-recreational 
types of trips. In the case of the all-weekend al­
ternative, the probability of a household selecting 
a given day was assumed equal at 0.5, and the amount 
of travel by trip type was also considered (10 per­
cent of all work trips, 46 percent of shopping 
trips, and 74 percent of social-recreational 
trips). The results of model applications are given 
in Table 1. 

The results indicate that substantial modal 
shifts are induced by the plan, including signifi­
cant decreases in the use of the drive-alone mode, 
as would be expected. Naturally, the subsequent re­
duction in work-trip VMT is much larger for the all­
weekday case because of the large proportion of 
weekday work trips. Changes in shopping and social­
recreational trip VMT values result from reductions 
in trip generation rates and modal shifts. No 
change in automobile trip lengths is expected, since 
the representation of the plan by varying the auto­
mobile-availability variables does not affect the 
relative attractiveness of alternative destinations. 

The reductions in total fuel consumption of 3. 4 
and 5. 7 percent for the all -weekend and all-weekday 
alternatives , respectively, reflect the total range 
of fuel savings that can be expected from the imple-



Transportation Research Record 801 

mentation of a household-sticker plan. The VMT re­
ductions of such a plan are fairly uniform for 
households of all incomes. This uniformity arises 
partly from the fact that, although lower-income 
households are more sensitive to changes in levels 
of automobile availability, such households are 
likely to own fewer vehicles than higher-income 
households. 

As Table 1 indicates, a household-sticker plan 
has the potential for inducing substantial reduc­
t ions in the shadow price of fuel. Furthermore, it 
is indicated that the distribution of stickers that 
control weekend and weekday automobile use 
a significant impact on plan effectiveness. 
effects of the plan are generally to shift 
work trips to social-recreational trips and 
work trips away from the drive-alone mode . 

SUMMARY AND CONCLUSIONS 

can have 
Toe net 

VMT from 
to shift 

This research has developed a modeling system that 
considers the complex interactions between various 
travel demand components and proposed energy con­
tingency plan options. Because the modeling system 
uses a number of Monte Carlo simulation techniques 
that require minimal amounts of data, it can readily 
be adapted to the consideration of alternative geo­
graphic areas and to test a wide variety of pos sible 
policy options. In the current study, the mode l was 
applied on the national level in an effort to fore­
cast the likely travel-related impacts induced by 
various energy contingency plans. 

The results of the model applications indicate 
that a relatively wide range of impacts relating to 
fuel consumption, income effects, and other factors 
can be achieved with alternative contingency plans. 
Of the limited number of plans considered in this 
study, tne household-sticker and four-day-work-week 
measures produce the largest reductions in the de­
mand for gasoline. In terms of the income impacts 
of these two plans, the sticker measure provides for 
an equitable distribution among income groups where­
as the shortened work week disproportionately af­
fects higher-income brackets. However, it must be 
recognized that the evaluation of contingency mea­
sures should not be based entirely on tne impacts 
addressed in this study, since the implementability, 
~osts, and enforceability of a measure are also 
critical factors in the selection of an appropriate 
plan. 
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Direct Energy Consumption for Personal Travel in the 
Chicago Metropolitan Area 

D.E. BOYCE, B.N. JANSON, AND R.W. EASH 

A set of calculations of direct energy consumption for the Chicago region is 
prepared. The methodology for developing the energy accounts is illustrated 
by using two examples for a transit and an automobile trip. Direct operating 
energy statistics for personal travel are shown in both tabular and mapped 
forms. Both absolute energy consumption and rates of energy consumption 

by areal unit are listed. Tables showing how energy consumption varies with 
trip origin and destination are discussed, and maps that show the energy con­
sumption contours for travel to the Chicago central business district are 
presented. 


