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Macroparticle Traffic Simulation Model To Investigate
Peak-Period Commuter Decision Dynamics
GANG-LEN CHANG, HANI S. MAHMASSANI, and ROBERT HERMAN

ABSTRACT

A special.- purpose, macroscopic highway corridor traffic simulation model is
presented. The model views traffic as discrete vehicle bunches or macroparticles that are moved according to loc:al speeds defined by local concentrations, resulting in high computational efficiency. The model allows the
investigation of commuter decision dynamics and their interrelation with timedependent congestion patterns, Two applications of the model are described
illustrating its use (a) in conjunction with behavioral rules by which commuters respond to experienced congestion and (b) as part of an interactive
experiment involving decision making by real commuters.

Peak-period traffic congestion is an everyday occurrence in most metropolitan areas, particularly in
commuting corridors. The excessive delay, i nstability of travel time, and increased fuel consumption
that accompany congestion translate into significant
economic and social cost. With the well- known difficulties that preclude the expansion of roadway
capacity in urban areas, most efforts to relieve
congestion during the past decade have centered on
improving system usage through traffic control as
_well as demand-side strategies. An understanding of
the day-to-day interaction between traffic patterns
and commuters' departure time and route choice behavior is essential to the analysis of peak-period
congestion and the design and proper evaluation of
control measures.
Some recent analytical studies have addressed
commuter departure time decisions and the resulting
temporal traffic pattern in a dynamic user equilibrium framework (1-5), Most of these studies have
considered an idealized system with a single origin
and a single destination, with congestion occurring
at a unique bottleneck along the only available
route. However, a more realistic though more complex
situation is that of multiple origins and multiple
destinations in a particular commuting corridor,
where congestion may develop at more than one location and vary from day to day.
The analysis of the interrelationship between the
time-dependent congestion patterns and commuters'
responses in such a system is actually too difficult
to be tackled analytically under realistic assumptions. A more convenient and effective approach is
to use a special-purpose simulation tool that can
capture the complex dynamics of the system, particularly t.he fluctuation of travel time with departure time and the time-dependent congestion patterns. This tool should also possess the capability
to explore the impact of control strategies of alternative user decision rules on the pecformance of
the system and its convergence properties. It was in
response to these nPP.nR that the Macroparticle Simulation Model (MP$M) was developed.
The purpose of this paper is to introduce the
logic employed in this special-purpose simulation
model and to describe its application to ongoing
research on the dynamics of user decisions and peakperiod congestion. Further, because appropriate data
for the study of commuters' departure time choice

dynamics are quite difficult to obtain in a realworld context, interactive use of t his program, in
conjunction with survey techniques to study these
phenomena, is discussed.
The general structure of th is model and some of
its key features are outlined in the next section,
including a discussion of the i nputs and major options available to the model user, In the second
section computational experience and a brief sensitivity analysis with x-espect to key control vac !ables are presented. The application of this model
'is the principal concern in the third section, in
which is presented a summary of a number of computer
simulation experiments tha·t were conducted to investigate a conunuting corridor system's convergence
status under prespecified user decision rules. Further illustration of the model's application is
given in the fourth section, in which a description
is given of the use of the Ml?SM in conjunction wi'th
an ihteractive experimental procedure in which participants make daily departure time decisions in a
hypothetical commuting situation. The variation of
congestion patterns as well as the evolution of system concentration predicted by the MPSM, given the
participants' choices, are examined therein. Finally,
concluding comments and possible further extensions
of this work ace presented in the last. seetion.

DESCRIPTION OF THE MPSM
Overview
Because the major concer n is with the dynamics and
convergence properties of the corridor system, the
simulation program must possess the capability of
providing the following information: (a) the concentration fluctuation in each section along the
highway corridor for a given time -dependent demand,
(b) the variation of travel time versus departure
time for a given origin-destination pattern, and (c)
the day-to-day evolution of the system's performance
under various postulated rules that might yovern
users' departure time choice behavior.
Most of the existi ng macroscopic corridor simulation packages, suc h as MACK and SCOT, can meet these
requirements (6,7), However, each simulation package
was developed
appl.icat ions that are not necessac ily consistent with the present purpose, result-
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ing in excess requirements and processing information and additional computational cost. These are
important considerations in this research because
the search for system covergence typically r eq1_1 i res
a considerable number of repeated simulations, often
in excess of 50 simulation days. These considerations have led to the development of the specialpurpose MPSM.
The MPSM is a fixed-time macroscopic traffic
simulation model, which uses established traffic
flow relationships to simulate the movement and the
interaction of vehicles in a commuting highway corridor. Un l ike most macroscopic simulation programs,
for instance the MACK or FREFLO family (6 ,7), the
traffic flow in the highway is not model ed as a
compressible fluid but is v i ewed as a collection of
vehicle groups or bunches, termed macroparticles
[somewhat similar to the platoons used in the DAFT
model (8,9)]. The model keeps track of the physical
positio~ -of those particles using a prespecified
speed-density relationship. The macroparticle approach avoids the significant computational cost of
tracing individual vehicles, which is not essential
to the present research. In addition, it avoids
approximating traffic as a continuous fluid and the
resulting inaccuracies such as the occurrence of
nonphysical speeds. Further details regarding the
tracing of vehicle movement are presented later in
this section.
The MPSM consists of two principal components.
The first component, or vehicle generation component, processes the daily decisions of users into
sector-specific discretized time-dependent vehicle
demand patterns. A user-decisions subroutine is also
included to allow the researcher to specify depar-

ture time readjustment rules governing the behavior
of commuters on a daily basis. The second component,
or simulator, actually simulates the flow of traffic, including queueing at entrance ramps and vehi-

cle movement along the highway. The overall framework and the interrelationship between each principal
component are shown in Figure l.
The input to the MPSM consists of two principal
categories: supply-s i de data and demand-side i nformation. The first category contains information on
the key physical and operational features of the
highway facility, such as the total corridor length,
the number of analysis sections Lhal Lht! euudlur is
subdivided into, and the number of lanes as well as
the allowable free flow speed in each section. The
parameters of the speed-density model, as well as
various simulation control parameters (described
later in this section) , are also included in this
category.
The second category consists of information about
usage level and commuter behavior. These are discussed hereafter in conjunction with the vehicle
generation component of the model.
Vehicle Gene ration Component
The key demand-side input to the traffic simulation
is the time-dependent vehicle departure patterns from
each of the residential or origin sectors consider ed
in the analysis. There are two principal approaches
available to the model user; the approach used depends on the particular research application. The
first approach consists of specifying the generation
functions directly for a particular simulation day.
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The second approach treats the focmation of the timevarying departure pattern endogenously, using individual decision rules to determine users' departure
time choices on a given simulation day in response
to the service levels experienced on previous days,
as determined by the traffic simulation. This second
approach would be appropriate when the _objective is
to investigate the effect of alternative models of
individual behav-ioc, or when such models have been
calibrated on actual observations and are used to
evaluate the effect of alternative control strategies on peak-period congestion.
When following the first approach, the model user
can specify the departure time distributions in one
of two forms: (a) as a discretized function giving
the number of departures, from a particular origin,
in each time interval or (b) as one of a numbec of
commonly used distributions for which the model user
has to supply the appropriate parameter values. An
example application using this first approach will
be given in the fourth section, where departure time
decisions are made by real commuters participating
in an interactive experiment. The vehicle generation
component then processes the individual decisions
into the desired time-dependent input functions.
Under the second approach, a user-decisions subroutine needs to be specified. It essentially takes
the output of the traffic simulation on a given day,
particularly travel time and schedule delay (defined
as the difference between a commuter's desired arrival time and actual arrival time at the work destination) , and determines each user's response in the
form of a departure time selection for the following
day. The rules used for this readjustment process
constitute one important area of the overall research effort. Possible behavioral rules include
those based on the widely used utility maximization
principle (1,5), as well as other less restrictive
heuristic rul-;;s reflecting so-called boundedly rational or •satisficing• behavior (10). A brief example application of this approach i s given in the
third section; further details of this particular
aspect are outside the scope of this paper and can
be found elsewhere (10).
Essentially,
undec the second approach,
the
simulations automatically proceed from one day to
the next, as the individual decisions determined in
the user-decision subroutine are internally transformed into time-dependent departure patterns. The
process takes place over a prespecified maximum
number of days or until steady state is reached,
whichever occurs first. It should also be noted
that, under eithe.c approach, additional demand-aide
input information includes users' respective desired
a-rrival times (used in the schedule delay calculations) , which need not necessarily be identical to
their work start times, as well as the desired
destination.

SIMULATOR
Ramp-Highway Interface
Every departing vehicle is assumed to start directly
at the corresponding entry ramp onto the highway
facility. Therefore access time from a specific
residence to the ramp is not explicitly considered
in these analyses, which is equivalent to implicitly
assuming that it is a constant term and thus would
merely shift a user's departure time by a fixed
amount. A depar~ing vehicle is identified by its
departure time and the required travel distance
(baaed on the desired destination). Naturally, vehicles cannot all enter the facility simultaneously
due to physical and operational capacity constraints
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(including possible traffic control devices). Because the microscopic details of merging maneuvers
are beyond the level of detail of the model, a
simple deterministic queueing approximation
is
employed to handle this phenomenon.
Denoting the service rate by s, the queue length
at tim.e t by D(t), and the fixed simulation time
step by At, a user wishing to depart in the interval [t, t + At] is considered to incur a wait time
only if D(t) > sAt.
Note that the service discipline at the ramp
queue is first come, first served. However, in the
event that some users wish to depart simultaneously,
the departures need to be ordered. A priority index
is defined for this purpose and can be either assigned exogenously by the model user or randomly
generated by the model using the Monte Carlo technique.
Vehicles leaving the queue are subsequently
grouped. in macroparticles for moving on the highway
proper. When using a fixed maccoparticle size, a
minor problem arises when the number of entering
vehicles does not form an integer number of complete
macroparticles, thus delaying some vehicles until a
sufficient number are present to complete that last
group. Because a typical macroparticle size is between 5 and 10 vehicles, the resulting delay is often
negligible and not in excess of At (At= 1 min was
used in most of the simulations), except possibly at
extremely low usage levels (when congestion is not
of concern anyway). One way to get around this issue
altogether is to use variable size macroparticlee;
in this case it is, however, recommended not to go
below 5 vehicles per particle in order to maintain
the computational cost advantages. Issues relating
to ·macroparticle size are _discussed hereafter in
conjunction with traffic movement on the highway
proper.
Highway Traffic Simulator
The highway traffic movement simulator is the core
of the MPSM. Thie part of the program executes a set
of procedures at every simulation interval, the
length of which is user controlled and possibly
different from that of the vehicle generation component. These procedures are described here and
contrasted with other available models.
Most of the commonly used macroscopic simulation
models (6,7,11,12), though developed for their own
particular - purposes, aha.re the following set of
assumptions: (a) time is discretized into small,
equal intervals1 (b) the highway facility is divided
into sections, (c) traffic demand and system performance are effectively constant over a given time
interval, and (d) traffic flow is viewed as a compressible fluid where the details of individual
vehicle movement are inconsequential. Three basic
equations are then used to govern the flow of traffic in the facility (12): a conservation equation, a
speed-concentration relation, and the identity of
flow to the product of speed and concentration. The
conservation of vehicles can be stated as

- l

t+l + (Nt+l/At)]
i

i qi+l

(1)

where
k1

concentration in section i during the
t-th time step, in vehicles per lane-mile;
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t

qi

flow into section i during the t-th
time step;

Nt

number of vehicles generated in section

i

i minus those exiting in section i during
the t-th time step;
li = number of lanes of section i;
AXi
length of section i; and
At
simulation time step.
The second equation is the speed-concentration
relationship, which varies between the various
mudels, and the third equation simply states that
(2)

In the MPSM, both conservation and speed-concentration equations are used. However, as noted
earlier, the flow relation (Equation 2) is not used.
Instead, vehicles in the flow are viewed as groups
of physical entities, termed macroparticles, and
move in accordance with the local speed field, specified by a speed-concentration relation. Thus, the
concentration of each section can be updated at
every time step by tracing the actual physical positions of the particles. The general approach of
tracing the position of groups of vehicles seems to
have been adopted by the DAFT/SCOT family of simulation packages (~ 1 ~ ) , in which vehicles are moved in
platoons whose lengths are followed. In the MPSM,
however, the length of the macroparticle need not be
explicitly considered, as long as its size is not
excessively large. The logic of the macroparticle
approach adapted in this work follows that of the
•magnetohydrodynamic particle code" developed for
the fluid simulation of plasmas (13).
The conservation equation us~ in the MPSM then
has the following form:
ktl ,. k1 + (1/Ri AXi) (M~,t+l
_ Mo,t+l + Nt+l)
i
i
where

e,t+l
Mi

and

(3)

o,t+l
Mi
denote the

vehicles

that

enter section i from the preceding section and those
that move onto the next section, respectively, in a
given time step At.
In the MPSM, the concentration in each section is
updated, using Equation 3, at the beginning of every
time step, and it is assumed to remain constant over
the interval [t, t + t,t]. The corresponding mean
speed prevailing during this interval can then be
obtained from the speed-concentration relation. The
functional form adopted in most of the simulations is
v~ = (vf - v 0 ) (1 - k~/k 0 )

0

+ v0

(4)

where
t

vi

mean speed in section i during the

t-th time step;
mean free speed and minimum speeds on
the facility, respectively;
ko = maximum or jam concentration; and
o = a parameter.

Vf, vo

Note that the speed-concentration relation could
be modeled using different or more elaborate formulations. However, this particular aspect has not
been the focus of the present research, and Equation
4 has been found perfectly adequate to capture the

character of the system's performance in the context
of investigating the dynamic interaction between
commuters' decisions and peak-period congestion.
Macroparticles are moved at the prevailing section mean speed, yielding the respective distances
traveled during a particular time step and the resulting positions at the end of the interval. Section concentrations are subsequently updated, as
described earlier, for the next time interval. In
addition to its computational efficiency, tracing
the macroparticles obviates the need for monitoring
the traffic flow with a macroscopic flow equation
(Equation 2). As mentioned earlier, the use of such
a flow equation to control the flow from one finite
section to another can transport material in unrealistic;:ally short times over long distances, thereby
resulting in nonphysical high transport speeds. For
example, if there are n finite sections in a linear
highway, material will be transported every time interval At, no matter how small, so that some material
will traverse n sections of finite length n • AX in
the time nAt, yielding the possibly unrealistic speed
AX/At, regardless of prevailing conditions. Further
details on the particle-moving process are given
hereafter.
Vehicle-Moving Process
The physical position of each macroparticle is updated at the end of every simulation' interval and
stored as one of the attributes of that macr.oparticle. Le t X( i ,m,t) denote the position of macroparticle m in section i (measured, in the direction of
flow, relative to the beginning of the section) at
the end of interval t, and R(i,m,t) the distance
from its current position to the beginning of the
next (downstream) section, as shown in Figure 2. Of
course, R(i,m,t) = AXi - X(i,m,t). The new position of particle m at the end of interval t+l will
be obtained by advancing it by a distance d(m,t+l) =
t+l
At • vi
as long as d(m,t+l) .s_ R(i,m,t), meaning
that its new position remains in section i.
In the event that d(m,t+l) > R(i,m,t), the particle will have to travel in the next section, i+l,
during a fraction of the interval At. However, the
mean speed in section i+l may be different from that
in the preceding section. The travel distance of macroparticle m during
this At can thus be broken
into two parts. The first part, which is equal to
t+l
R(i,m,t), proceeds at the mean speed, vi
for
t+l
a fraction of the At equal to R(i,m,t)/vi
In the
remaining part of the time interval, namely At'
At - [R(i,m,t)/v~+ll, travel
1

takes

place in section

i + 1. Denote this second part of the distance traveled by R' (i+l, m,t+l). However, it does not seem
t+l
reasonable to maintain a speed of vi , nor to drast+l
tically change, midway, to vi+l" A plausible way to
handle this aspect is to assume that drivers will readjust their travel speed while entering i + 1 in a
manner that is consistent with prevailing traffic
conditions; the following averaging mechanism has
been adopted in the model:
R' (i+l,m,t+l)
Of
pends
well
small

1

= At' [<1/2) (vt + v~:~]

course, the significance of this
greatly on the size of the time
as on the section lengths. For
At, the correction should not be

(5)

problem destep At, as
sufficiently
of concern,
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F1GURE 2 Graphic illustration of vehicle-moving process.

particularly for the pr esen t research applications.
Selection of the number a nd lengths of the sections,
of the time step tit, and of the macroparticle size
should be made judiciously. The frequently encountered trade-off between accuracy and computational
efficiency is naturally present here. Sensitivity
analyses have been conducted to provide useful insights into this aspect, as described in the next
section.

number of sectors, or conversely of reducing tiX,
is rather small. This can be seen in Table 1 that
gives the relationship between computational cost
and number of sectors based on a set of numerical
experiments under these conditions. In general, it
is suggested that sector length not exceed l mile.
Naturally, geometric features should be homogeneous
within each sector. In addition, the sector length
should provide adequate space for the vehicles discharged from the on-ramp during any simulation interval.

MODEL USE CONSIDERATIONS AND SENSITIVITY ANALYSIS
In this section, some general considerations for
select ing the key simulation parameters of the MPSM
are disc ussed. In addition, the results of a number
of numerical experiments conducted on the CDC system
(Dual cyber 170/750) of the Unive rs i t y of Texas at
Austin are presented in order to bette r unde rs tand
the effects of each key parameter. The numerical
tests reported hereafter were carried out using a
h.ypothetical 7 -mile c ommut ing cor r i do r , with 2,400
trip makers unifo rml y distri buted along its e ntire
length, exce p t f o r the last 1- mile sec tion t hat imme d i ate ly prece des the presume d common d est i n a tion
[central business district (CBD)). In all cases,
unless otherwise indicated, the highway facility was
divided into seven 1-mile sections, with two lanes
in each direction, though only the inbound (home-towor k) d i rect ion was c o nside i: ed here . The pai:ameter
v a lues used in Eq uation 4 we re v = 45 mph, v o
6
mph, kj
180 ve h icle s per l a ne-mi le , a nd a
3. 1 416 (o r 11).
There are three key simulation parameters in the
MPSM: the simulation time step tit, the macroparticle size tim, and the section length tiX. These
are discussed in turn hereafter.

Selection of Section Length tiX
As noted earlier, the continuous highway facility is
usually divided into several discrete sectors in
most macroscopic simulation models. Because system
perfor mance char acteristics, such as concentration
and speed , a long each section are assumed to remain
constant within each simulation tlme interval, a
shorter section length can better reflect the location-dependent performance variation. Although the
computa tional cost of course increases with the number of eecto i: s specified (for a given total highway
length), the relatively high efficiency of the MPSM
is such that the incremental cost of increasing the

TABLE 1 Effect of Section Length (L'>X) on
Computational Effort
No.

Sectors•

L'>X(mile)

cpub

CPUC

21
13
7
5
4

0.3
0.5
1.0

3.56
3.25
2.98
2.54
2.01

9.304
8.468
8.042
6.89
5.77

1.5

2 .0

Note: In o U experiments, .6.t = 1 min, .6.m = 10 vehicles, Yr=
45 mph, Vo= 6 mph, a= 1r, and simulation period= 60 min.
8

The last 1 mile of this 7-mile facility was treated as one
sector in all the cases reported here.

bNo intermediate report is included in the program output.
clntermediate report of system performance and all vehicle
positions during each sJmulation interval is included in the
output.

Se l e c tion o f Simulation Time St ep lit
It can generally be expected that a smaller simulation time step tit will result in greater simulation accuracy, particularly when there are large
fluctuations in the vehicle generation pattern or
significant variations in traffic c o ndi t i ons from
sector to sector. Because traffic performa nce characteristics are assumed to remain constant during
tit, exc e ssively long simul at ion i nt erval s wil l , in
gene r a l , lead to h ig hly artific i a l d isc re tize d traffic f low. The resulting l o ss o f accuracy is e v ident
in Table 2, which gives a summary of the results of
numerical experim1mts for valu~s of tit equal to
0.5, 1.0, 1.5, 2.0, and 3.0 min, respectively. For
each case, the travel times associated with selected
departure times from the same sector are given in
this table, indicating that the magnitude of the
discrepancies could be substantial, particularly for
the largest value of tit considered here.

112

Transportation Research Record 1005

TABLE 2 Travel Time (min) Versus Departure Time for
Alternative Simulation Time Intervals (L::.t), Sector I

TABLE 4 Travel Time (min) Versus Departure Time
for Alternative Macroparticle Sizes, Sector I

llt(min)

Particle Size

lit: 0.5

li t: 1.0

lit: 1.5

lit: 2.0

lit: 3.0

Departure
Time (a.m.)

9.0
9,0
9.5
10.5
16.0
23 .0
26.0

9.0
9.0
10.0
11.0
17.0
22 .0
25 .0

9.0
10.0
10.5
12.0
19.5
22.5
29.0

12.0
12.0
12.0
14.0
22 .0
24.0
32.5

18. 0
18.0
18. 0
30.0
36.0
39.0
36.0

7:15
7 :20
7 :25
7 :30
7:35
7 :40
7 :45

ut:piilLUtt;;

Time (a.m.)
7:15
7:20
7:25
7:30
7:35
7 :40
7 :45

Note : In all cases O.rt'I = 1 U veh1cJes, 400 vehicles/sector, two lanes In each direction,
Vf = 45 mph, vo = 6 mph, a: = 1T, and sJmuJaUon duration= 60 min.

Fortunately, the computational efficiency of this
model relieves to a great extent the concern for
computation cost in selecting tt. The computational effort is nonetheless quite sensitive to the
size of tt, as illustrated in the results, given
in Table 3, of several numerical experiments.

TABLE 3 Effect of
Simulation Time Step (L::.t)
on Computational Effort
llt(min)

cpu•

CPUb

0.5
1.0
1.5
2.0
3.0

5.32
2.98
2.16
1.82
1.43

14.105
8.042
5.975
4.684
3.873

Lim : 5

Lim= 10

9
9
10

Lim: 15

Lim :20

9
10

9
9
10

10

II

II

II

11

16
28
28

17
26
29

16
26
28

15
25
28

9

9
'9

Note : In all cases .6.t = 1 min, 400 vehicles per sector, two lanes in each
direction, vr = 45 mph, vo = 6 mph, a:= 11', and simulation duration = 60
min.

TABLE 5 Effect of
Macroparticle Size ( L::.m) on
Computational Effort
Lim

CPU"

cpub

5
JO
15
20

3.54]
2.980
2.811
2.703

10.025
8.042
7.854
6.945

Note: In all cases, the following conditlon1 hold: 6t = l min, 400 vehlcles/
sector, two lanes in each direction,
Vf = 45 mph, vo = 6 mph, a= n. and
simulation duratJon = 60 min .
8

No intermediate report 1s included jn
the program output.

blntermediate report of system performance and all vehicle pmdtions
during each simulation interval is included in the output.

Note : 6m = 10 vehicles/particle, 400
vehicles/sector, two Janes in each
sector, vr = 4S mph, vn = 6 mph, Ck=
1r, and simulation duration = 60 min.
8

No Intermediate report Is included in
the program output.

blntermedie.te report of system performance and alt vehicle positions
during each simulation interval ls
included in the output.

selection of Macroparticl e size Am
As described in the previous section, vehicles bound
for the same destination are grouped into macroparticles and thus enter the facility simultaneously.
Conceptually, no problem would arise if each particle consisted of a variable number of vehicles,
which would be specified as an additional attribute
identifying each particle. However, for operational
convenience, the use of identically sized macropart icles is suggested unless the number of vehicles
arriving during 6g is insufficient to meet the
prespecified size. In general, heavy traffic generation during t he peak period can accommodate any reasonable predetermined particle size.
The specification of the particle size does not
appear to significantly affect the accuracy of the
simulation, as revealed by several numerical experiments. A summary of the results is given in Table 4,
which depicts the travel time associated with various departure times under alternative macroparticle
sizes ( tm = 5, 10, 15, and 20 vehicles per particle, respectively). The size of tm does, however, contribute to the model's computational efficiency, although the marginal contribution of an
increase in tm beyond about 10 vehicles per particle decreases sharply, as seen in Table 5.

Note that in the selection of tm, care must be
taken to ensure that it is less than the maximum
ramp entry rate (per unit simulation time step). A
size of 5 vehicles per particle per lane (j..e., 10
vehicles for a facility with two lanes in each direction) has been found particularly convenient and
appropriate in these experiments.
In the remainder of this paper an illustration is
presented of the application of this model to the
type of investigation for which it was developed. In
particular, its application to the study of the
dynamic behavior of traffic systems during peakperiod congestion, under both mathematical decision
rules and in conjunction with real commuters supplying departure time intormation, ia deacribed.
APPLICATION l: SIMULATION EXPERIMENTS TO
INVESTIGATE SYSTEM CONVERGENCE
This section contains a description of the use of
the MPSM to explore the dynamics of a commuting corridor through a set of simulation experiments aimed
at investigating the system's convergence statue
under alternative behavioral mechanisms. The latter
are specified in the user-decisions subroutine introduced in the first section. Note that the presentation herein is intended primarily for illustrative
purposes, further discussion of the details of the
experiments, of the underlying assumptions, particularly those regarding user behavior, as well as of
the results can be found in Mahmassani and Chang
(10). In this section, the relevant features of the
system and the type of behavioral rules that were
considered are presented. Next, the key results per-
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taining to system convergence that emerged from this
particular set of experiments are highlighted.
System Features and Experimental Conditions
Supply-Side Input
The commuting corridor considered here is comprised
of seven 1-mile sectors, with the common single work
destination at the end of the seventh (and last)
sector, as would be the case for CBD-bound work
trips. Sectors are numbered from l to 7 in decreasing order of distance from the CBD. The highway
facility consists of two lanes in each direction,
although only the inbound direction is of concern
here, with a mean fr e e speed (Vf) of 40 mph and
"jam" concentr ation (kol of 200 vehicles per lanemile. The maximum entry rate, reflecting physical
capacities as well as operational controls, is specified here as a constant of 80 vehicles per minute
per sector. Note that a minimum speed of vo = 6
mph was specified in all cases to prevent a complete
blockage of the system at high concentrations.
Demand-Side Input and user-Decisions Subroutine
The same number of users (in vehicle trips) was assumed for each of Sectors l through 6, with no trips
generated in Sector 7, which can be viewed as a nonresidential fringe sector. For simplicity, and without loss of generality, all commuters in these
exper i ments were assumed to have the same work
starting time of 8: 00 a .m., although the model allows for a more general distribution of work start
times.
Commuter behavior mechanisms of particular interest to this research application were specified
in the user-decisions subroutine in order to provide
daily departure
time
distributions.
Two basic
mechanisms can be distinguished in this subroutine:
the first determines the acceptability, to a given
user, of his most recent departure time, and the
second determines the amount by which an unsatisfied
commuter will adjust his departure time on the following day.
The first mechanism reflects a "satisficing,• or
boundedly rational view of commuter decisions in
everyday situations (10,13). Essentially, it states
that a user evaluatis" his departure time choice
based on its outcome. A plausible rule is that users
will accept a particular departure time, and maintain it on the next day, if the schedule delay, or
the discrepancy between the resulting arrival time
and the desired arrival time, is less than a certain
tolerable level. This "indifference band" of tolerable schedule delay is viewed as a characteristic of
each user (j) and is denoted by IBj• It is natural
to e xpect a d i stribution of IBj across the population
of c ommute rs ; the mea n o f th is distribution, denoted
by E[IB], is one of the experimental factors of concern in this research application. Three non-zero
values of E[IB] were cons i dered, namely, 5, 10, and
15 min, in addition to the extreme case of no indifference band. The distribution of IBj acr o ss users
was taken as a truncated normal distri bution,
coarsely discretized for the present purpose with a
constant variance-to-mean ratio equal to 0.2.
The second mechanism, which specifies the departure timP. readjustment in response to previous days'
performance, has been examined under two possible
rules :
• A •myopic" rule, which says that the readjustment depends only on the latest day's schedule
delay and
• A "learning• rule, whereby the readjustment
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explici t].y takes into consideration the travel outcomes on more than just the latest day; typically,
the relative weight accorded to recent exper i ence is
greater than that accorded to earlier experience.
The specific mathematical expressions for these
mechanisms are presented in the Appendix. Simulation
experiments were conducted to explore the dynamics
of the system's behavior under the alternative
myopic or learning readjustment rules. In addition,
these experiments addressed the effect of two key
factors: (a) the mean indifference band (E [IB]) for
which the four different cases mentioned earlier
were considered and (bl the usage level, whereby
three different values were considered: a "reference" value V = 420 vehicles per sector, and V1 =
0.6V and v 2
1.4V. The interaction between the
usage level and the indifference band in determining
the system's convergence properties is of particular
interest and is described hereafter. Note that other
factors, such as the parameters of the previously
mentioned mechanisms (see Appendix) and the system's
initial conditions (specified in terms of initial
departure time distribution for each s ector), were
also explored , as described elsewhere (!.Q).
Summary of Results
The corridor system was simulated for a period ranging from 50 to 70 consecutive days under each combination of values for the mean indifference band and
the usage level, for both myopic and learning departure time adjustment rules. Convergence is examined
in terms of the departure time distribution in each
sector. When all users in a sector settle on their
respective departure times, steady state is attained
in that sector. For each simulation, the state of
each sector after 70 days was recorded as one of the
following: C for convergence to a steady state, o
for r eg ular oscilla t ory behavior , or NC for no convergence. A sununar y o f th i s i nf ormation is give n in
Table 6 f o r all th e expec iments i n wh ich the myopic
adjustment r ule was u sed and in Tabl e 7 for those in
which the lea r ning-based rule was used. In both
tables the number of days after which a steady state
or regular oscillations were attained is indicated
( in parentheses following the symbols C or o, respectively), where applicable . Note that in those
situations where steady state or regular oscillations were not attained in all six sectors, partial
· steady state or oscillations, or both in only some
of the sectors, are not necessarily guaranteed to be
maintained indefinitely (..!..Q.).
Effect of Mean Tolerable Schedule Delay
The data in both Tables 6 and 7 reveal that, all
else being equal, the system is more likely to
stabilize for larger values of E[IB]. This seems to
be the case under both myopic and learning-based
adjustment rules. For i nstance, consider the state
of the system under experiments 2, 5, 8, and 11 in
Table 7, corresponding to E[IB] values of O, 5, 10,
and 15 min, respectively. For the largest E[IB]
value of 15 min, convergence to a steady state is
reached in all sectors by Day 13. For E [ IB] = 10
min, only partial convergence is attained, with the
three sectors closest to the destination attaining a
steady state, and under E [IB] = 5 min, convergence
occurs in Sectors 5 and 6 only. Finally, under the
assumption of no tolerable schedule delay, only sector 6 attains a steady state. This suggests the
existence of a critical, or threshold, level of
tolerable schedule delay above which a given system
will be able to reach a steady state. This critical
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TABLE6 State of System After 70 Days, Myopic Behavior
Sector
Experiment
Nu.

Usage

Levet

2

j

4

5

6

NC
NC
NC

NC
NC
NC

NC
NC
NC

NC
NC
NC

C(14)
C(37)
NC

No Indifference Band; E[IB] = 0
I
2
3

0.6V
V
1.4V

NC
NC
NC

Mean Tolerable Schedule Delay E[IB] = 15 Min
4
5
6

0.6V
V
1.4V

NC
NC
NC

NC
NC
NC

NC
NC
NC

NC
NC
NC

C(50)
C(64)
NC

C(56)
C(12)
NC

0.6V
V
1.4V

C(8)
0(46)
NC

C(8)
0(46)
NC

C(18)
C(45)
NC

C(7)
C(34)
NC

C(8)
C(7)
C(44)

C(7)
C(7)
C(IO)

0.6V

C(7)
C(14)
NC

C(7)
C(13)
NC

C(7)
C(14)
NC

C(7)
C(13)
NC

C(7)
C(8)
C(9)

C(7)
C(4)
C(9)

E[IB] = !O Min
7
8
9
E[IB] = 15 Min
10
11
12

V

1.4V

Note: NC= no convergence by Day 70; C(I) = convergence achieved after I days; 0(1) = regular oscillations
started after I days.
8

V is the reference value of 420 vehicles per sector.

TABLE 7 State of System After 70 Simulation Days, Leaming Behavior
Sector
Experiment
No.

Usage
Level"

2

3

4

5

6

NC
NC
NC

NC
NC
NC

NC
NC
NC

NC
NC
NC

C(32)
C(55)
NC

No Indifference Band; E[IB] = 0

I
2
3

0 .6V
V
1.4V

NC
NC
NC

Mean Tolerable Schedule Delay E [IB] = 5 Min
4
5
6

1.4V

NC
NC
NC

NC
NC
NC

NC
NC
NC

NC
NC
NC

C(8)
C(36)
NC

C(4)
C(6)
NC

0.6V
V
1.4V

C(9)
NC
NC

C(IO)
NC
NC

C(IO)
NC
NC

C(9)
C(52)
NC

C(9)
C(6)
C(4 8)

C(4)
C(6)
C(9)

0.6V
V
J.4V

C(6)
C(l l)
NC

C(6)
C(12)
NC

C(7)
C(l l)
NC

C(5)
C(12)
NC

C(6)
C(l3)
C(21)

C(4)
C(4)
C(9)

0.6V
V

E[IB] = JO Min
7
8
9

E[IB) = 15 Min
JO
II
12

Note: NC= no convergence by Day 70; C(J) = convergence achieved .after I days; 0(1)
started after I days.

= regular oscillations

fly is the reference of 420 vehicles per sector.

level would essentially reflect the users' flexibility and willingness to compromise. The tighter this
tolerable amount, the less likely it is that users
will be able to reach a stable state (or a repeatable daily routine). It can also be noted that, all
else being equal, the time needed to reach a steady
state in a given sector appears to increase as the
tolerable schedule delay increases.

Effect of Usage Level
The data in Tables 6 and 7 also reveal that, for a
given E [IB], the system is more likely to converge
at lower than at higher demand levels. Furthermore,

higher usage levels (number of trip makers per
sector) require a longer period to converge. For
instance, consider experiments 10, 11, and 12 in
Table 7, corresponding to usage levels of 0.6V (V =
420 vehicles per sector) and 1.4V, respectively,
with E[IB] = 1 .5 min. At the highest demand of 1.4V,
only the last two sectors appear to have reached a
steady state. At the reference demand level V, all
sectors converge to a steady state as of Day 13. On
the other hand, at the lowest usage level considered, 0.6V, convergence to steady state is
reached in all sectors as of Day 7. The same general
effect of the usage level can be observed in all the
other experiments summarized in Tables 6 and 7.
In summary, there appears to be a strong inter-
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relation between the usage level and the amount of
tolerable schedule delay in determining the ability
of the system to converge to a steady state, as well
as the duration needed to achieve this convergence.
Heavy traffic levels require wider indifference
bands on behalf of system users, reflecting greater
tolerance for delay, for a given system to equilibrate. It can also be noted that sectors closer to
the destination generally atta in their steady state
sooner than more distant sectors and at lower values
of E[IB] for a given usage level. This implies that
more distant trip makers must be prepared to tolerate greater delay for the system to equilibrate,
which is important in the design and evaluation of
demand-side congestion relief measures.

were Vf = 40 mph, vo = 6 mph, ko • 180 vehicles per
lane-mile, and the maximum entry rate is taken as a
constant equal to 60 vehicles per minute.
A total of 400 trip makers was assumed in each of
the five residential sectors (from Sector 1 through
Sector 5). A total of 100 participants was involved
in this experiment, with each participant in effect
representing 20 vehicles (or one macroparticle in
each lane, with m = 10) in the MPSM program.
Each participant was initially given information
about the highway facility (free speed, number of
lanes) and his location, as well as the familiar
decision situation of starting work at 8:00 a.m.
Under those conditions participants were asked to
state their desired arrival time and the corresponding departure time. The departure time decisions of
all participants were obtained daily and input into
the MPSM. The latest outcome of their choices,
namely the respective actual arrival time on the
previous day, as determined by the simulation, was
provided to each participant individually on the
following day, before his choice for that day was
made. ~o relate the experiment to participants'
actual daily commute, the survey was administered 5
days per week during the entire survey period.
Note that, because departure times were determined directly by actual commuters, there was no
need to specify a user-decisions subroutine in this
case.

APPLICATION 2: INTEGRATION OF SURVEY TECHNIQUES AND
COMPUTER SIMULATION
Instead of employing prespecified mathematical expressions to supply users' decisions in the simulations, a number of real commuters were asked to take
part in an experiment in which they provided daily
departure time choices in a given hypothetical
situation. Detailed description and in-depth analysis of the experimental results can be found elsewhere (!). A summary of this research and highlights
of its results, with emphasis on congestion dynamics
and system convergence, are presented in this section.

SUMMARY OF EXPERIMENTAL RESULTS
Description of Experiment

Sy stem Co nver gence

Much like the example application described in the
previous section, the commuting corridor considered
here consists of a highway facility used by adjoining residents f o r their da ily home-to-wo rk commute
to a si ngle wo rk d e stination (CBD). Th is fa c ility of
two lanes i n eac h direction is subdivided i n t o n ine
identical 1-mile sectors, with the common work
destination at the end of the last sector. Sectors
are numbered from l through 9, with Sector l being
the farthest outbound and Sector 9 the closest to
the destination. The parameters used in the MPSM

This experiment covered 24 days, at which time all
sectors in the system had already attained a steady
state. The day-to-day evolution of average travel
time over the period of the experiment is shown in
Figure 3. It can be seen that the system's performance did not change as of Day 21. The steady-state
values were actually attained on Day 18, exhibiting
a fluctuation on Day 20 due to a few participants'
(in Sector 1) unsuccessful attempt to improve their
outcome, after which they reverted back to their
steady-state choices (see Figure 4).
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ate longer schedule delays than those in near sectors in order to converge to a steady state. This
interesting result is consistent with the conclusion
of che sirnu.lat1on experiments described in the previous section .

~

:,: 100

~

66.7-' ,, (

~

33.3 - - ,

~
~

I

o.o - ,._. ._...

Congestion Evolut i on and Travel Ti me Variability
Doy 11- Doy 24

F1GURE 4 Cumulative departure pattern evolution for Sector 1.

An examination of the day-to-day evolution of the
cumulative departure time distributions in each
sector, considered separately, reveals that sectors
with less travel distance tend to reach their
steady-state values earlier than more distant sectors. This is exemplified by the day-to-day patterns
for Sectors 1 and 5, respectively the farthest and
closest, as shown in Figures 4 and 5. It can be seen
in Figure 5 that all users in Sector 5 maintained
their departure time choices as of Day 5, whereas
Figure 4 indicates that the steady-state distr ibution in Sector 1 was completely reached as of Day
21. This phenomenon is consistent with the conclusions suggested by the simulation experiments described in the previ~us section,

The time-dependent pattern of traffic concentration
in each sector is shown in Figures 7-11 for each of
the first 5 days (first week), respectively. It can
be seen that congestion was not severe on Day 1,
with concentration in most sectors remaining below
2ko/3
(120 vehicles per
lane-mile).
A general
worsening on Days 2 and 3 can be detected, with Sectors 3 through 5 and Sectors 7 through 9 manifesting
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0.67
0.33

0 .00
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F1GURE 7 Time-dependent concentration pattern on Day 1, by
aector.
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F1GURE 5 Cumulative departure pattern evolution for Sector 5.

0 .67
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o.oo
The day-to-day variation of the average schedule
delay of users in each sector is shown in Figure 6.
It is worth noting that the average schedule delay,
observed at steady state, increases in magnitude
with increasing travel distance. In other words,
commu~.PrR located in di11tant 11ectors have to. toler-

F1GURE 8 Time-dependent concentration pattern on Day 2, by
aector.
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FIGURE 9 Time-dependent concentration pattern on Day 3, by
aector.
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F1GURE 10 l'ime-dependent concentration pattern on Day 4, by

F1GURE 12 Time-dependent concentration pattern at
steady state, by sector.
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F1GURE 11 Time-dependent concentration pattern on Day 5, by
sector.

relatively long periods of high concentration.
Users' responses to these high levels led to a shift
of the concentration distribution on Day 4 to an
earlier time relative to Day 3 in all sectors, the
overall pattern on Day 4 is quite similar to that of
Day 2. Conversely, the temporal distributions of the
concentration in all sectors moved forward on Day 5,
resulting in a pattern that is similar to that of
Day 3, except that the magnitude of the shift was
less drastic on Day 5 than on Day 3. In other words,
the range of the day-to-day fluctuation of concentration appeared to be narrowing until steady
state was reached. This phenomenon can be attributed
to the effect of commuters' previous experience with
their departure time choices. Detailed discussion
regarding commuters' departure time choice behavior
and its interaction with congestion variation is
outside the scope of the present paper and can be
found elsewhere (10,14).
The steady-stati""" time-dependent concentration
pattern in each sector is shown in Figure 12, which
reveals the high cqngestion periods for each sector.
In addition, a typical example of the day-to-day
evolution of the time-dependent concentration is
shown in Figure 13 for Sector 3.
Table 8 gives a further summa ry of congestion
patterns, of concern are both the occurrence of high
concentration periods and their duration. Operationally, and somewhat arbitrarily, high congestion
in a given sector was defined as the occurrence of 3
or more minutes within which concentration was continuously greater than or equal to 2ko/3. The duration of periods in which this criterion held, in each
sector, is given on a daily basis in Table 8. Apparently, Sectors 3 through 5 experience the longest
high congestion periods at steady state as well as

e ,10

throughout the duration of the experiment. This congestion, with a time lag, spreads to downstream
sectors, which experience shorter congestion periods
overall.
The record of travel time fluctuation for different departure times in each sector is one of the
principal results of the MPSM. The steady-state pattern of travel time versus departure time [Figure 14
(d)J exhibits clear peaking characteristics with
more distant sectors experiencing higher peaks than
closer sectors. The peaking phenomenon, initially
not very pronounced on Day 1 [Figure 14(a)J, becomes
more distinct as the system evolves, as illustrated
by the patterns for Days 1, 6, and 11, and at steady
state [Figure 14 (a) , (b) , (c) , and (d) , respectively).
The extent of the sensitivity of travel time to
the choice of departure time can also be seen from
these patterns. For instance, if a commuter were to
depart (at steady state) from Sector 1 at 7:10 a.m.
instead of 7:05 a.m., he would experience as much as
a JO- min increase in travel time. Similar situations also exist in other sectors, although sensitivity to departure time choice is somewhat less
drastic in closer sectors.

TABLE 8 High Congestion Duration in Each Sector• (min)
Sector

2

Day
I

2
3
4
5
6
7
8
9
10
II

0

0

0
0

0
0
10
0
13
19
0
21
0
14
13
14
12

14
21
15
16
16
21
20
25
19
27
16
17
8
25
14
8
22
22
19
22

0

0
0

0
0

0
0
0

12
13
14
15

0
0
0
0

16

0

17
18
19
20
21b
3

3

0

0
0
0

0
0

II

0
7
5
4

13
4

4

5

22
23
20
17
15
16
20
25
26
13

23
23
24
18
9

27

17
20
14
25
22
19
17
17
18
17

22

26
21
24
12
27
15
19
13
28
24
15
17
17
14
17

6
8
II

13
II

21
7
7
3
6
3
22
17
11
16
7
16
10
16
8
8
8

7

8

9

0
7
17
3
15
7
17
0
4
6
20
4
8
7

4
0
7
3
8
7
10
0
5
0
0
0
3
3
6

0
0

4

7
7
10
7
15
7

s

8
7
10
7
10

High congestion is defined as the occurrence of k > 2ko/3 for more than 3 min.
bDays 22-'2-4 are identical to Day 21.

4

0
4

4
6
0
0
0
0
0
0
0
4
0
4
5

s

3

s
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STANDARDIZED
CONCENTRATION

ti
1.0

0.67
0.33
0.0

tt The standardized
con cent rat ion is the
concentration in vehicles
per lane-mile normalized
by the "jam" concentration .

J

F1GURE 13 Evolution of time-dependent concentration pattern, Sector 3.
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FIGURE 14 continued.

CONCLUSION
A special-purpose macroscopic model for the simulation of highway corridor traffic has been presented.
The model was developed in conjunction with studies
of the dynamics of peak-period traffic congestion in
commuting systems and the interrelation between user
decisions and congestion formation and dissipation.
The model moves vehicles in small bunches or macroparticles using local speeds defined by the speedconcentration relation resulting in high computational efficiency, which is essential for the type
of application for which the model is intended.
The details of merging and passing maneuvers are
not captured by the simulation. However, the simu-

lated system's behavior has been found adequate to
pursue the investigation of peak-period congestion
dynamics. Two such applications of the model have
been presented: In the first, users' daily departure
time decisions were simulated by the model using a
set of specified dynamic decision rules. In the
other application, a number of real commuters participated in a novel interactive experiment in which
Lhe traffic simulation model was used to determine
each participant's arrival time, given all participants' departure time decisions for that day.
To further support this investigation of the
dynamics of peak-period congestion, the following
extensions and modifications of the MPSM are under
way: (a) inclusion of more than one route, whereby

120
users can select both their departure time and their
routei (b) better representation of traffic control
devices, particularly at the entry points, to enhance the model's capability to evaluate trafficbased congestion relief measures, and (c) incorporation of the commuter's search for a parking space at
the work destination, which is of particular relevance for downtown-oriented commuting in many large
cities.

Transportation Research Record 1005
10.
11.

12.

ACKNOWLEDGMENTS
The work reported herein was partly funded by a
grant (to H. Mahmassani) from the Bureau of Engineering Research at the University of Texas at
Austin. Computer funds made available by the Department of Civil Engineering, the Center for Studies in
Stat i stical Mechanics, and the Physics Department at
the university are gratefully acknowledged. Initial
work on the development of the traffic simulation
model was performed by Sonia Claudet, formerly a
research scientist in the Center for Studies in
Statistical Mechanics. In addition, the authors
would like to thank T. Tajima, Depar tment of Physics
at the University of Texas at Austin, for alerting
them to his work on the magnetohydrodynamic particle
code for the simulation of plasmas. Finally, the
assistance of Alfredo Hino jos in the preparation of
the graphic material is appreciated. Support for the
revision and continuation of this research is provided by NSF Grant CEE-8400306.
REFERENCES

c. Hendrickson and G. Kocur. Schedule Delay and
Departure Time Decisions in a Deterministic
Model. Transportation Science, Vol. 15, No. 1,
1981, pp. 62-77.
2. c. Hendrickson, D. Nagin, and E. Plank. Characteristics of Travel Time and
Dynamic User
Equilibrium for Travel-to-Work. In Proceedings
of the Eighth International Symposium on Transportation and Traffic Theory, V.F. Hurdle, E.
Hauer, and G.N. Steuart, eds., University of
Toronto Press, Canada, 1983, pp . 321-347.
3. P.H. Fargier. Effects of the Choice ~ Departure Time on Road Traffic Congestion: Theoretical Approach. In Proceedings of the Eighth
International Symposium on Transportation and
Traffic Theory, V.F. Hurdle, E. Hauer, and G.N.
Steuart, eds., University of Toronto Press,
Canada , 1983 , pp. 223-263.
4. A. De Palma, M. Ben-Akiva, c. Lefevre, and N.
Litinas. Stochastic Equilibrium Model of Peak
Period
Traffic
Congestion.
Transportation
Science, Vol. 17, No. 4, 1983, pp. 430-453.
5. H. Mahmassani
and
R. Herman.
Dynamic User
Equilibrium Departure Time and Route Choice on
Idealized Traffic Arterials,
Transportation
Science, Vol. 18, No. 4, 1984, pp. 362-384.
6 . D.N, Goodwin,
S.D. Miller,
and
H.J. Payne.
MACK: A Macroscopic Simulation Model of Freeway
Traffic.
Technology
Service
Corp.,
Santa
Monica, Calif., 1974.
7 . H.J. Payne. FREFLO: A Macroscopic Simulation
Model of Freeway Traffic. In Transportation
Research Record 722, TRB, National Research
Council, Washington, D.C., 1979, pp. 68-75.
B. E.B, Lieberman. Dynamic Analysis of Freeway
Corrdior Traffic. Presented at the Joint Transportation
Engineering
Conference,
American
Society of Mechanical Engineers, Chicago , Ill.,
1970.
9 . E.B. Lieberman. Simulation of Corridor Traffic:
The SCOT Model. In Highway Research Record 409,
HRB, National 'ile"search Council, Washington,
D.C., 1972, pp. 34-45.
1.

13.

14.

H.S. Mahmassani and G.-L. Chang. Experiments
with Departure Time Choice Dynamics of Urban
Commuters. Transportation Research B (in press).
A.D. May. Model s for Freeway Co r ridor Ana lyaia .
In TRB Special Report 194: The Application of
Traffic Simulation Models, TRB, National Research Council, Washington, D.C., 1981, pp.
23-32.
N.A. Derzko, A.J. Ugge, and E.R. Case. Evaluation of a Dynamic Freeway Flow Model Using
Field Data. Presented at 62nd Annual Meeting of
the Transportation Research Board, Washington,
D.C., 198].
J.N. Leboeuf, T. Tajima, and J.M. Dawson. A
Magnetohydrodynamic Particle Code for Fluid
Simulation of Plasmas. Jour na l of Comput ational
Physics, Vol. 31, No. 3, June 1979, pp. 379-408.
H.S. Mahmassani, G.-L. Chang, and R. Herman.
Individual Decisions and Collective Effects in
a Simulated Traffic System. Transportation
Science (in press).

APPENDIX: EQUATIONS FOR USER-DECISIONS SUBROUTINE

Two basic equations govern the dynamics of user departure time decis i ons in the commuting corridor.
The first equation simply determines acceptability
of a given departure time on the basis of its outcome. Let Di t and ATj t de no te user j's departure time ana' the resulting actua l arrival t i me at
work, respectively, on day t. The mechanism for the
acceptability of this outcome used in the simulation
experiments, and based on the notation of indifference band, states that

6j , t •

11
0

otherwise

where 6· t is a binary variable that takes the
value 1 J{f the actual arrival time on day t is acceptable t o user j a nd O othe rwi se , OATj is the
desired ar riva l time of user j, and IB · i s the
indifference ba nd, o r tole r able schedul e tl e-1ay , of
user 1. Note that different indifference bands could
be specified for earliness as opposed to lateness
(10)1 however, this distinction was not made in the
experiments reported in this paper, for the sake of
simplicity. Furthermore, IBj could be specified as
varying from day to day, though it was treated as
constant, for a given individual in these experiments, for lack of a clear explanatory mechanism for
this daily variation. This aspect is the subject of
onqoing research by the authors.
The second equation governing user behavior is
the depar tu re time read j ustment whereby Dj , t+l is
dete r mi ne d give n t hat 61 t • 1. Two al t er nat ive
rules we r e desc ribed !.'l th~ third sect i on: a myopic
rule and a learning-based rule. In both cases, the
commuter c a n be viewed as setting Dj, t+l by subt racting h is a nticipated travel time ATTi , t +l• on
da y t+l, from hi s des ired arrival t i me , as f ollows:
Dj,t+l = DATj - ATTj,t+l
The myopic and learning rules differ in how ATTj t+l
is obtained given user j's prior experience.
'
Rule 1: Myopi c Adjustmen t
e

ATTj,t+l = TTj,t + ayj,t(ATj,t - DATj)
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where

where, wi, i = t 0 , ••• ,t denotes a set of non-negative
weights attached to each day, starting with the initial day t 0 • It is expected that users attach
greater weight to more recent days than to earlier
ones, Therefore, the following special form of the
equation was used in the experiments:

actual trip time experienced by user j
on day t;
a binary variable equal to -1 if
(ATj t - DATj) < O (i.e., user j is
early on day t) and O otherwise;
a binary variable equal to -1 if

ATTj,t+l = [(1 - Wt)/(t - toll (

(ATj,t - DATjl > 0 (i.e., user j is
late on day t) and O otherwise, and
a,b = two parameters in the interval (O,l],
The values a= 0.5, b = O were used in the experiments described in the third section of this
paper. Sensitivity analysis with respect to these
parameters as well as an in depth discussion of the
embedded behavioral assumptions can be found elsewhere (l.Q.) •

1

TTj,i) + Wt TTj,t
i=t 0

where O < wt .S. 1. Thus all days before the last one
are given a total weight of (1 - wt>, equally allocated among all prior days; the last day is given
a weight Wt· In the experiments repo~ted in the third
section of this paper, a value of 0.5 was used for
Wt, The effect of the value of this parameter on
system behavior does not, however, affect the general
conclusions of the third section, as shown elsewhere
(10).

Rule 2 : Lea rning-Based Adjustment
Here ATTj ,t+l is a function of all prior experience with the s ys t em, as follows:
t

ATTj, t+l =

L

Wt (TTj, tl

i= t 0
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Creation of Data Sets To Study Microscopic
Traffic Flow in Freeway Bottleneck Sections
STEVEN A. SM ITH and MA RK E. RO SKIN

ABSTRACT
The methodologies employed in an FHWA research study entitled "Freeway Data
Collection for Studying Vehicle Interactions" are described. The purpose of
this study was to develop a series of data sets on microscopic vehicular traffic flow for selected types of freeway sections. The methodology used to develop these data sets involved digitizing vehicle positions from time-lapse
aerial photographs of a series of freeway sites with various geometric configurations. Six types of freeway geometry were of interest: ramp merges, weaving sections, upgrade sections, reduced-width sections, lane drops, and horizontal curves. The aerial photography involved the use of a full-frame 35-nun
motion picture camera operating in time-lapse mode mounted in a fixed-wing,
short-takeoff-and-landing (STOL) aircraft. The sites were filmed at one frane
per second with the aircraft flying clockwise at a slow speed around each site
at altitudes ranging between 2,500 and 4,500 ft. Data were reduced to 1 hour of
film (3,600 frames) of each site, Sites ranged between 1,200 and 3,200 ft in
length. The data reduction method involved a microcomputer-based digitizing
system. The most important components of the system were the mathematical techniques for computing vehicle position and the method of vehicle matching, which
yielded complete vehicle trajectories for all vehicles passing through the sections studied. The data sets are expected to be useful both for empirical research on freeway traffic flow and for the validation of freeway simulation
models. The data sets are being made available to those conducting research in
these areas.

