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A MODEL OF TRAVEL ROUTE CHOICE FOR COMMUTERS

By Shogo Kawakamr*

ABSTRACT

The factors affecting the route choice of com-
muters who utilize the public transportation
facilities are found out by a survey.

The conditions that the route choice model
should satisfy are discussed, and the model that
satisfies these conditions is developed. And the
model is tested by using the data in Nagoya
City for 1969. It provides a fair overall fit and
yields plausible regression coefficients.

1. INTRODUCTION

This paper develops and tests a model of route
choice for commuters. The model that has been
developed reproduces the existing conditions to
a fairly high accuracy in the limited tests to
which it has been subjected.

In the past, the following models have been
developed for predicting the route choice®:

1) Pi=a(xs—x1)+b(ys—y1)+ec(za—21)+d
(for 2 routes) ------ (1)

_ _ 1
2) P=a'(Z—x)+b'(§— yl)-l—c’(é-—zw)—l-?

(for 2 routes) ------ (3)

where a, b, ¢, d, a/, ¥, ¢’ and R are empirical
constants.

P;=probability that a commuter chooses route

A

ry=commuting time required for route ! (in
minutes).

yi=commuting cost for route / (in yen per
month).

z; =number of changes of route [ (in times).
The change means changing trains or
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buses, changing from a bus to a train or
changing from a car to a train or a bus.
g =total number of routes considered.

g g g
F=2wle, §=Xvlg, z=2 2l

In some models of type 1), xa/xi, ys/y1 and
2z/z1 are used instead of (x3—x1), (ya—v1) and
(z9—2z1).

In addition to these, a method using the linear
discriminant function that contains commuting
time, cost and number of changes as factors,
a method using the diversion curve that is given
by the function of commuting time ratio or com-
muting cost ratio, a probabilistic method assum-
ing the distribution of appraised values of routes
and a method using the information theory have
been developed?®»®,9, These methods have merits
and demerits.

Some problems involved in these models are
as follows:

(1) The number of factors considered in the
hitherto used methods is small, though
many factors affect the commuter’s choice
of route.

(2) In some models, the value of P, varies
with calculation processes. That is, some
models do not satisfy the following equa-
tion, assuming that the general form of
the model is expressed by equation P/Pp

=f(xl» x‘m):
P, 1 _
B~ Fan amy )
(3) Some models do not satisfy the following
conditions:
0sP=1, 3 P=1

=1

(4) Some models assign to a route the num-
ber of passengers that exceeds the trans-
port capacity of the route.

In this paper, we determine first of all for

what reasons people consciously are used to de-
cide the route between two places. Then a model
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of route choice which has not problems mention-
ed above is developed.

The model is tested on the 1969 Nagoya data.
It provides a fair overall fit and yields plausible
regression coefficients.

2. FACTORS AFFECTING THE ROUTE
CHOICE®

In order to clarify the reasons why the com-
muters have chosen the route, a questionaire
survey was carried out for the commuters in
Nagoya City in 1967. The survey was designed
to collect details of the usual habits of commut-
ers, including their commuting time, cost and
number of changes, and a question was added to
know the reasons that influence their choice of
route for attending office or work. The question
was as follows:

Why do you attend office or work through this
route? (Please give your reasons as fully
as possible.)

The questionaire was despatched to 20,000 per-
sons and 908 forms were returned. Six hundred
and eighty-four of these replies were effective,
which were analyzed and grouped by transporta-
tion facilities, and the percentages of persons
who gave the particular reason were tabulated.
These are shown in Table 1. The public trans-
portation users are 647 persons, car users are 30
persons and bicycle users are 7 persons.

Table 1 Reasons of choice of route in
the Nagoya City survey
(The sum of percentages are
more than 100 per cent since
most people gave two or more
answers)

Public transportation users Car users

Fastest 41% | Fastest 100%
Smallest number of changes 38

Least waiting time 31

Cheapest 31

Shortest distance for walk 26

Least crowded 24

Shortest distance from the

alighting station to the 18

destination

From an examination of all the reasons given
and the numbers of people giving respective
reasons, it becomes clear that the most impor-
tant factors for public transport users are com-
muting time, cost, number of changes, comfort
and convenience. The effect of these reasons on

the route choice appears to change according to
the income and age of the users. And all car
users attach importance to the reason ““ Fastest”.

3. DESIGN OF THE MODEL

Since there has been a difficulty in quantita-
tively expressing about the comfort and conven-
ience, it was decided to attempt to design the
models in terms of money cost, time and num-
ber of changes only. The following arguments
are made at first for obtaining a suitable model.

The model for predicting the distribution of
commuters among competitive public transporta-
tion routes must satisfy the following five con-
ditions:

1) The choice probabilities calculated by the

model agree with the actual values.

2) The value of probability is between 0 and
1 and the sum of probabilities is equal to 1.

3) The probability calculated by the model
remains constant regardless of the calcula-
tion process.

4) Independently of the number of routes and
the number of factors which influence the
commuters’ choice of route, the model can
be applied.

5) The number of passengers that is assigned
to each route by the model does not ex-
ceed the transportation capacity of the
route,

In this paper we try to develop the model

which satisfies these conditions 1)~5).

It is supposed that there are three competitive
routes, 7, j and k, for an individual who goes
from zone A to B. Let # be the number of pas-
sengers on the route [ and C; be the transporta-
tion capacity of the route /. Generally it is
enough to treat the case that the # and C; satis-
fy the following equation:

ThEX G
14 i

Denote the probability that an individual chooses
the route ! (I=i, 7, k) for his commutation by P,
and assume that his choice depends on commut-
ing time, cost and number of changes only.
Then the value of # increases as the total num-
ber of passengers T between zones A and B in-
creases, where T=¢;+¢j+%. But the value of
#; cannot exceed the value of C;.

On the basis of the considerations stated above,
the #; may be expressed by the following equa-
tion:

—T\2
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X fo(Zss Bjs Xks Yis Yis Ykor 25 2 Zlc)}

where Y, C;=C;+C;j+Cyx and & is an empirical
constant.

Here, the function f; must satisfy the follow-
ing equation:

— h
0zexp| —(ESET)
X fo( @iy L, Xes Yir Yis Yhor Zis Zhs Zlc)] =1
.................................... (6)

Then the probabilities of using the three routes,
P;, P; and Py, are given by

t i ix
Pi:;‘ , Pj=7{ , sz_.T ............... (7)
respectively.

From Egs. (5) and (7), we obtain

Bt O gl (BSSTY
Pt C P 5 G

X ASo(X35 Zies Biy Y3s Yios Yis Zis Bies Z)

— So(Be, Xy Tiey Yis Y Yies 205 2 Zlc)}}

We introduce a new function f defined by the
following equation:
(@5, ®is Ties Y55 Yis Yoo 2> 2 28)
S Ci—T\"»
=< G )
XA SAZs, Ty Tty Yo Yis Yo 255 2y 21)

— Jo@s, Ty Tk Y5 Y3» Yis 26> 2> 2k)}

.................................... (9)
Then, Eq. (8) is rewritten as follows:
B_G
Py Ci
xexp [—f(®j, Ti, T, Yi» Yo» Yo 25 2y 20)]
.................................... (10)

Also, Egs. (11), (12) and (13) are obtained from
Egs. (5), (7) and (9):

Pi_G
P; - CJ
X eXp [— fXs, T, Xes Yi» Yis Yios Zi» 255 20)]
.................................... (11)
B_G
P Cj
% exp [~ f(xx, L3, X1, Yieo Y3 Yi» 2ks 25> 21)]
.................................... (12)

P_C
P, Ci
x exp [— f(xs, Tn, T3, Yis Yieo Y3» 215 20, 23)]

Multiplying both sides of Eq. (10) and Eq. (11)
respectively and rearranging, we have
J(@s, 23, Zny Yir Yis Yo 205 25, 28)
'l'f(‘rjr iy iy Y s Yis Yk 2y 2ty Zk):()

The function f must satisfy Eq. (14).
If we express the function f by a polynomial
expression of x;’s, yi’s and z’s,
Swi, 25, Bry Yo Yis Yios 235 23, 20)
(=T
_< 2 G
+b1n?/i"+b2nyjn+b3nyk""

R oo
> { 2 (@n®" 4 @ X v+ a2k
n=1

-+ dinzi? + donzi® -+ dynzr®) + e}

and substitute Eq. (15) into Eq. (14), we obtain
Z"I {(aint+am) (@ +x )+ 2amTH™
+(b1n+ban) (Y7 + y7) + 20sny s
+{(din+dan) (2 + 257+ 2dsnzi™) +2¢=0

where @mn, bmn, dmn and e, (m=1, 2, 3), are con-
stants. The condition that Eq. (16) always holds
is given by
ain+am=0, bi+byw=0, din+dm=0,
asm=byn=dn=0, e=0
Hence, the following polynominal Eq. (17) ex-

presses all possible solutions of this type for
Eq. (14):

S (s, 235 XKy Yis Yis Yo iy 2y 3k)
=[55G wter—an
+ oy~ yi®) +dnlzm —2:7))

where an, bn and dy are constants.
Though various functions can be considered as
the solutions for Eq. (14), a simple function should
be used in such a problem of commuting route
choice. Moreover, since the trigonometrical and
exponential functions can be expanded in a series
of x, ¥ and z, so that we may consider that Eq.
(17) is a general solution of Eq. (14).
We introduce here a notation “F(7, /) defined
by
FGN=(Z55 TV 2 oo

+on(yi"—y ) +dn(z7 —257)}
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After all, Egs. (10), (11), (12) and (13) are re-
written as follows:

%:% eXP [—F(f, )] +wreveerervereesenees (19)
%_—_% exp [—F (i, 7)] worerveresrernenenns (20)
%:% exp [—F(J, )] -+ereeeereererverees (e1)
%:% exp [—F(G, k)] +eorvevermoreeseens (22)

And we obtain

Py Gy .

P.=C, exp [—F(k, )] (23)
Now, P;, P; and P; must satisfy the following
condition:

Pib Pjb Pyl woveveveensnionenncninnecnens (24)

By solving the three equations (19), (23) and (24)
as simultaneous equations of three unknown
variables, we obtain

1
Pi=—¢ C
14+ exp[—F(j, )1+ exp [~ F(k, )]
C; C;
C ..
& exp[~F(j, )]
Pyj= :
7 Cj P ™ .
142 exp[—F(j, )]+ exp [~ F(k, i)]
C; Cs
Sk oxp [~ F(k, i)
Cy
Pe= C Cr
1+_c—j~ exp [~ F(, )+ exp [~ F(k, i)]
(3 %

It is obvious that P;’s given by Eq. (25) satisfy
the condition 2) mentioned in the section 2 in
this paper.

Now, the P’s must be given by definite values
regardless of the calculation process. We will
discuss this point in the following. By solving
the three equations (20), (21) and (24), we obtain

The P;, P; and Py given by Eq. (25) must be
equal to those given by Eq. (26) respectively.
This condition is satisfied, if the following Egs.
(27) and (28) hold:

F(, §y=—F(J, g) +veeeererrnmsemcenniains 27

F(k, N—F(@i, =F(l, 1) «ooreremrneens (28)
F(i, j) defined by Eq. (18) satisfies Egs. (27) and
(28). Therefore, it is obvious that Egs. (25) and
(26) give the same P;’s.

Since the value of Pj/P; in Eq. (19) generally
increases as (x7—x:"), (y»—y®) and (z°—z:")
decrease, an, bn and dn should satisfy the follow-
ing inequalities in principle:

.ang(), b =0, dp=Q --oovreemeneneeiaa(29)

We can also assume that the function f is
given by a function of the ratios of factors,
zi/x;, xjlxE, etc. But this assumption is not
suitable, because the function f does not satisfy
Eaq. (14).

Though the values of # in Eq. (17) can be
taken as 1,2,.--, o, suitable values should be
selected within the scope of #=1,2 and 3 from
the viewpoint of practicability and agreement
with the existing values. To obtain the simplest,
non-trivial solution we may terminate the sum-
mations at #=1. Then

—T\k
PG, =(EE T e
+oyi—yi)+dilz—z)) (30)

On the other hand, the following polynomial
(31) may also be considered as a possible solu-
tion of Eq. (14)®.

F(]’ Z)——_:f(x“ Ljs Lky Yis Yir Yir Zis &y Zk)
(D C-T\»
-(*sa)
X io: f {amn(l'jm.l‘i”—ximxjn)
m=0 n=0
+ b Y Y — YY)
+ dmnl( 252 — MR e (31)

where @mn, bmn and dmm are constants. How-

P= :
14+ exp [FG, N+ exp [~ 1F (k. i)~FG. )]
S exp [FG, )]
Pi= - (& =
1+& exo [FG, N+ exp = (Fk, /)= FG, j)}]
£ exp [~ (F(k, )~ FGi, )]
Pe= -

C

14+ G exp UG, )]+ exp [ (F(k, )= FG, )]
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ever, since this polynomial expression does not
satisfy Eq. (28), it is not desirable to assign this
expression to the model in question.

As it is obvious that the model developed in
the above satisfies the above-mentioned condition
4), we will investigate whether the model satis-
fies the condition 5) or not in the following.

Let us consider route ¢ as an example. The
difference between the number of passengers as-
signed to route { and the transport capacity of
the route, 47 is given by the following equation.

AT =C;— Pia(Ci+Cj+Cx)
_(1=a)Cut (exp [~ F(j, )] —a) Cs
1+ exp [~ F G, )

C
+ (exp[—F(k, Y] —a) Ci
+%’: exp [~ F(k, )]

where « is constant and 0<a<1.
a(Ci+Cj+Cr)=T
If 4T is always zero or positive, the model
satisfies the condition 5). But 4T is not always
zero or positive. The conditions that 47 is zero
or positive are as follows:

1) exp[—F(j,9)]=1 and exp[—F(k,i)]=1
2) exp[—F(j,)]

z%(a_1)+%i<a—exp[—F(f, D) +a

if exp[—F(j,i)]<1 and exp[—F(k,)]=1.

(1—a)(Ci+Cy)
Ck te
if exp[—F(j, H]>1 and exp[—F(k,)]<1.
4) exp[—F(k, )]

3) exp[-F(j,d)]=—

2%((1—1)+%(“—9XD[—F(f, H)+a
if exp[—F(j, i)]<1 and exp[—F(k, i)]<1.

In general, the number of passengers which is
assigned to the route ¢ grows greater, as the
number of passengers between zones A and B
grow greater. Therefore, this model may assign
the number of passengers which exceeds the
transport capacity of the route to the route ¢,
when ) # is close to }; C;. However, in this
model, we can determine the value % so that
exp[—F(j,4)] and exp[—F(k,?)] are close to 1
when }; 4 is close to ) Ci.

The number of passengers which is assigned
to a route by the model scarcely exceeds the
transportation capacity of the route, since the
terms exp[—F(j,7)] and exp[—F(k,?)] in Eq.
(25) tend to 1 as the number of passengers be-

tween zones A and B gets near to the sum of
the capacities of the routes considered. There-
fore, it can be said that this model satisfies the
condition 5).

4. FITTING THE MODEL TO DATA

In order to check whether the probabilities
given by the model agree with the actual values,
the constants in the model were evaluated by
using the data of commuters in Nagoya City in
19697, The transportation status of 13,369 per-
sons who were commuting to the CBD was sur-
veyed. The data were collected on the cost,
time and number of changes in their present
routes. Twelve percent of all the persons who
gave the answers was car users, and the rest
were public transportation users. In this paper
we deal with the route choice of the public
transportation users. The public transportation
includes bus, street-car and rapid transit.

They were divided into groups according to
pairs of starting place and destination. Then,
the number of available routes between the two
zones was obtained from the survey. We also
obtained the cost, number of changes and mean
time for each route. The value of P, fo reach
route was evaluated by the proportion of the traf-
fic volume relating to the route [ in the group.
Transportation capacity C; is the number of pas-
sengers which transportation facilities can carry
during a given time period (a day or an hour).

The number of passengers on the most routes
during a day were relatively small compared to
the route capacities, excepting a few routes.

Regression analyses were carried out between
the value of P, and the individual value of x,
y: and z, using the following equation (32) de-
rived from Egs. (19) and (30):

[ 4 '}
+01(y5—yi)+di(zz—zi)) - (32)

Here, since we could not obtain data on trans-
portation capacity of the route, it was assumed
that C;/C;=1 and (3; Ci—T)/ X Ci=constant. This
assumption implies that the capacity of each
route is the same and the total number of pas-
sengers is relatively small compared to the route
capacities. (Since it is not necessary to consider
the route capacity seriously in the case that the
number of passengers is relatively small com-
pared to the route capacity, this assumption may
be permissible.)

From this regression analysis the model was

{au(s—:)
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found to be:
log <I—)j—> =—{0.03482(x;—x:)
P
—0.000441(y;— y+)+1.0699(z5— 2:)}

r=0.503
F (i, $)=0.03482(x; — ;) —0.000441(y; — v/ 3)
+1.0699(z; — 25)
P 1
*T 1+exp[—F(j, )l4exp[—F(k, 1))
_ exp[—F(/, i)]
1+exp[—F(j, )l+exp[—F(k, 1)]
Pe exp [—F(k, )]
“T1+exp[—F(j, )] +exp [~ F(k, i)]

P

where 7, 7, k =individual routes between two zones.
The multiple correlation coefficient for Eq. (33),
r=0.503, shows that the choice probabilities given
by the model agree with the observed ones to
some extent.

The constants in the model vary with the pas-
senger’s route choice behaviour which seems to
change with his income and age. Therefore, if
the constants are determined for only the groups
that have the same tendency of route choice,
the fit of the model will result in better.

For the purpose of comparison, a linear equa-
tion was fitted to the above data. A least-squares
regression fit was made for an equation with the
general form such as given in Eq. (2). The re-
sults of this are shown below:

P,=0.00442(7 — :)—0.0000215(5 — 72)
+0.0617(2——‘.L)+—% ..................... (36)

r=0.406

Comparing the 7 value in Eq. (33) with that in
Eq. (36), we find that the linear regression fit of
Eq. (33) is as suitable as Eq. (36). However,
since P; given by Eq. (36) does not always satis-
fy the condition 2) and the capacity constraint,
or the condition 5), that the number of passeng-
ers assigned to each route by the model cannot
exceed its capacity, it may be considered that
the model developed in this paper is superior to
the model of Eq. (2).

As a result of investigation stated above, it
may be considered that the model developed here
satisfies the five conditions that the route choice
model should satisfy.

Though all regression coefficients in Egs. (33)
and (36) should be positive or zero judging from

the tendency of passenger’s route selection be-
haviour, the coefficients for (y;—y:) in Eq. (33)
and (§—vyy) in Eq. (36) became negative. This
can be considered to be caused by the correla-
tion between independent variables, or multi-
collinearity.

However, since these values b; and »’ are close
to zero, we can consider that these values are
equal to zero and the effects of terms (y;j—y:)
and (§—y:) on P’s are hardly significant. Hence,
what Eqgs. (33) and (36) imply can be considered
to be consistent with the tendency of passenger’s
route selection behaviour.

5. CONCLUSION

The factors affecting the commuters’ route
choice on the public transportation facilities were
found out by the survey in Nagoya City to be
commuting time, cost, number of changes, com-
fort and convenience.

The conditions that the route choice model
should satisfy were discussed, and the model
that satisfies these conditions was developed.
And the model was tested by use of the data in
Nagoya for 1969. It provided a fair overall fit
and yielded plausible regression coefficients.

The model will provide a closer fit than the
model mentioned above, if the regression coeffi-
cients are estimated for each income group and
for the group that has similar trip length.

In this paper, we could not discuss the prob-
lem positively taking consideration of the ca-
pacities of routes characterized by the model ow-
ing to lack of data. Itis necessary to investigate
this point in more detail on the basis of many
observational materials.

The model presented herein may also be ap-
plicable to the prediction of travel mode choice.
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