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Abstract: This paper analyzes the characteristics of the
destination distribution of trips and proposes a stratified
sampling strategy for travel mode choice. The stratified
sampling strategy can reduce the size of the alternative set;
thus, the computation burden of simulation is decreased. Using
the stratified sampling strategy, a combined choice model of the
trip mode and destination is developed based on the Bayesian
theory. Simulations are carried out to verify the proposed
model. The results show that the combined choice model of the
trip mode and destination can efficiently simulate travelers’
choice behaviors. Furthermore, the forecasting accuracy of the
combined choice model is higher than the one of the gravity
model. Therefore, the proposed model is a powerful tool with
which to analyze travelers’ behaviors in selecting the trip mode.
Key words: combined choice model; discrete choice; trip
mode and destination; sampling

ince 1970s, the four-step model has been the most pop-
S ular method in the transportation planning field in Chi-
na, and it has successfully been used to evaluate urban in-
frastructure construction projects. In the four-step model,
the trip distribution model and the mode choice model are
very important. A typical trip distribution model is the grav-
ity model, which can consider impedance information
(e.g., trip time) between all zones. However, trip time
cannot accurately reflect the accessibility and convenience
between two zones in general. For example, there are mul-
tiple trip modes between two zones. And, it is difficult to
estimate the accessibility and convenience of other modes u-
sing the trip time of a mode. The sharing rate curve in mode
split prediction is a common method that considers the
curves of time differences and time ratios. However, the
curve method lacks a definite theory basis and cannot reflect
the changes of trip structures in the future. Therefore, tradi-
tional methods in traffic planning are usually difficult to be
applied in practice.

Recently, the discrete choice theory, which provides the
foundation to simulate travelers’ trip behaviors by using the
micro-choice model, has been introduced into the transpor-
tation planning field. In 1974, McFadden proposed logit
discrete choice which is based on the premise of a hypothe-
sis of utilities and randomness'' . In the studies, it is as-
sumed that everyone in the system faces J alternatives; X re-
presents the characteristics of each alternative branch, and Z
represents the personal characteristics which can be ob-
served. For example, when choosing the trip mode, the al-
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ternative branches may be car, bus and metro. X represents
travel time, cost, and information which is related to each
alternative branch. Z includes the personal information of
travelers, such as age, income, and education. Thus, the
variables of the model include traffic policy and travelers’
information. Other variables which cannot be observed are
estimated by the error term g. Travelers choose the most
satisfactory trip mode based on the characteristics of alterna-
tive branches and travelers’ satisfaction levels for various al-
ternative branches. In 1974, McFadden discussed the logit
model and its characteristics, and then proposed a theoreti-
cal system of the discrete choice model'"’.

This paper studies the combined choice behaviors of
travelers’ trip and destination based on discrete choice. Then
the performance of the combined choice model is illustrated
by simulations. Finally, the model is compared with the
gravity model and some conclusions are obtained.

1 Combined Choice Model of Trip Mode and
Destination

Assuming that a traveler can select a trip mode and a des-
tination in set C,, the utility of the choice branch is U, =
V,+V,+V,, +e., which is composed of the trip mode
and the destination. Here, V_ is the deterministic part of the
utility which changes with the trip mode; V, is the determin-
istic part which changes with the destination; V,, is the de-
terministic part which changes with the trip mode and desti-
nation simultaneously; &, is a random item of the utility,
which obeys the duplicate-exponent distribution, and it is
independent.

According to the discrete choice theory, the combined
model, which is relevant to the trip mode and the destina-
tion of travelers, is described as"”™
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The trip mode includes walk, bike, bus, taxi, motorcy-
cle, private car, coach and official car. In the investiga-
tion, there are 204 traffic zones. Therefore, the number of
choices, which is relevant to the trip mode and destination,
is 8 x204 =1 632. It is difficult to define the utility of the
alternative branches, and the solution algorithm of the mod-
el is also complex. According to the IIA characteristics of
the logit model, we can simplify the model.

Assume that D, is a subset sampling in C,. 7, (D, |i) is
the conditional probability of D,, but the precondition is
that the i-th alternative branch is given. Then the combined
probability density, which is composed of the selection of
alternative branch i and D,, is defined as
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7,(i,D,) =a,(D, | i)P,(i) (2)

According to the Bayesian theory'”', if subset D, is giv-
en, the probability that traveler n selects alternative branch i
is defined as

(i | D) - a,(D, i).P,,(i). (3)
2}5 m,(D, 1) P,())

Then

, explu’V, +Inm (D, | i)]
m(i| D) = : (4)
Y exp['V, + Inz (D, |))]
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As a general rule, travelers always select the nearest des-
tination if the purpose of travel is satisfied. Therefore,
weight should be considered during selecting the subset D, .

Then, C, is divided into R kinds of sets according to the
distance from C, to the original zone. The number of the al-

R
ternative branches in the r-th type is J,, i.e., Z J.,=17.
r=1
Assuming that D, is composed of jm( r=1,2,...,R) in the
R
r-th type, then the total number of D, is Z J., =J. As-
r=1

suming that the selected probabilities are equal, then the
probabilities are defined as '*
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Let 0.(D) = H(J'" ) . then
r=1 -1
R _Jr(i)n
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Let g, :]r(i)n/‘,r(i)n’ then
. exp(u’V, —Ing,)
m,(i|D,) = - (7)
D exp(u’V, - Ing,)
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The difference between Eqs. (5) and (7) is that there is an
adjunctive item ( —1Ing,,)in Eq. (7). The coefficient of the
adjunctive item is 1.

2 Strategy of Destination Alternative Sampling

This paper intends to sample destination zones to reduce
the number of combined alternative branches. All the zones
are sorted according to their distances from the original
zone, and the cumulative percentage is counted up according
to the condition whether the destination zone is in an appro-
priate position or not. Fig. 1 shows that the probability of the
destination in the ten sampled zones, which are the nearest
ones to the original zone, is about 57. 6% . Therefore, all the
zones are divided into two groups according to the order. The
sampling strategy is that it randomly takes 6 zones from zone
No.1 to zone No. 10 and randomly takes 4 zones from the
remaining zones, i.e., zone No. 11 to zone No.204.

According to the combined choice formula (1), the irreg-

ular sample needs to amend the utility, and the corrected
item is —Ing,,. According to the sampling method, we take
6 zones from zone No. 1 to zone No. 10. The ratio of the
sampling is 60% and the corrected value is 0.510 8. We
take 4 zones from the remaining zones, i.e., zone No. 11
to zone No.204. The sampling ratio is 2. 06% and the cor-
rected value is —3. 881 6. After sampling, the number of
alternative branches of the trip mode and destination is re-
duced to 80.
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Fig.1 Cumulative percentage of destination zone rank

3 Results of the Combined Choice Model

There are a number of factors that influence the choice of
the trip mode and destination. We divide the influence fac-
tors into two groups: the socio-economic variables and the
destination variables. The definition of the variables is de-
scribed in Ref. [7].

We define the utility of various alternative branches ac-
cording to the variables in Ref. [7]. The definition of the
utility of the combined model can be seen in Ref. [8]. We
discard the variables whose T-test value is less than 0.8,
and repeatedly calibrate the model. The results are shown in
Tabs. 1 and 2.

Tab.1 Descriptive indicators of the combined model

Indicators Value
Number of estimated parameters 85
Null log-likelihood —46 823
Final log-likelihood -31759
Likelihood ratio test 30128
Rho-square 0.323
Adjusted rho-square 0.312

From the estimated results we can see that

1) The effectiveness of the parameters’ estimation is im-
proved greatly. The number of the estimated parameters is
85; the number of the parameters, whose confidence is
equal to or greater than 90%, is 76. And other parameters’
T-test values are above 0. 8.

2) Eight impedance variables are negative, which shows
that the variation of the variables’ impedance is contrary to
the attraction of the variables.

3) The travelers whose ages are from 6 to 14 prefer to se-
lect the walk mode, while the travelers whose ages are from
20 to 39 are contrary. The travelers whose monthly expendi-
ture in traffic is less than 100 yuan prefer to walk. In addi-
tion, females prefer to select to walk than males. Under the
same conditions, the probability of selecting walk is im-
proved when the original zone and the destination zone are
in the same zone.
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Tab.2 Estimated results of the combined model

Variables Estimated S[al.ldé.lrd T-test Variables Estimated Stal.lde.urd T-test
value deviation value deviation
ASC2 1.607 5 0.3751 4.2850 BETA46 -0.9014 0.094 6 5.9943
ASC3 -1.784 8 0.2799 -6.3769 BETA47 0.603 2 0.1118 3.6513
ASC4 -1.0536 0.5377 -1.9593 BETA49 -1.5591 0.3394 -4.593 1
ASC5 -1.6326 0.2399 -6.8055 BETAS0 -1.4497 0.364 2 -3.9804
ASC6 -4.2554 0.4457 -9.5479 BETAS1 1.3897 0.4327 3.2115
ASC7 -3.0389 0.5517 -5.508 1 BETAS61 -0.1134 0.001 6 -69.707 8
ASC8 -3.2344 0.4555 -7.101 1 BETAS562 -0.064 8 0.0038 -17.2305
BETALl 0.8859 0.365 6 2.4232 BETA563 -0.1430 0.0135 -10.584 3
BETAI0 -0.8586 0.597 6 -1.4369 BETA564 -0.1162 0. 0044 -26.4143
BETAI01 1.7852 0.7740 2.1758 BETAS565 -0.103 1 0.0139 -7.4287
BETAI105 0.5348 0.267 1 2.306 6 BETAS566 -0.2179 0. 0442 -4.9256
BETA108 1.1699 0.264 5 -2.2235 BETA567 -0.0642 0.0012 -52.1076
BETA109 0.7958 0.1483 2.002 1 BETAS568 -0.0343 0.004 0 -8.5163
BETAIl -1.264 5 0.7539 4.4236 BETAS57 -0.5812 0.6079 -0.9560
BETAI110 -0.4450 0.390 2 5.3679 BETAS8 2.088 6 0.3288 6.3517
BETA112 -0.4836 0.1386 -1.6775 BETAS59 -1.8053 0.3283 -5.4986
BETAI115 1.3554 0.2159 -1.1403 BETA6 -0.3942 0.2063 -1.9110
BETAI16 1.8804 0. 636 1 -3.4897 BETAG60 2.5027 0.3412 7.3351
BETA117 -1.7392 0.609 1 6.2779 BETAG61 -0.6144 0.3911 -1.5707
BETA118 0.943 6 0.1059 2.956 1 BETA62 0.948 4 0.3346 2.834 1
BETA119 -1.7248 1.062 8 -2.8552 BETAG65 -1.7575 0.340 1 -5.1675
BETAI120 2.6177 0.268 9 8.9119 BETAG66 0.8740 0.1346 6.4927
BETA122 1.798 7 0.409 8 -1.6229 BETA67 0.2905 0.1130 2.5707
BETAI124 1.9307 0.2182 9.7343 BETA68 -2.6274 0.4511 -5.8241
BETAI25 1.8587 0.208 6 4.3888 BETA69 0.9302 0.1309 7.1077
BETAI13 0.8506 0.6515 8.8483 BETA7 0.8970 0.3306 2.713 4
BETAl4 -0.5588 0.4673 8.909 2 BETA70 0.390 1 0.1097 3.5560
BETAIS 0. 668 6 0.0917 1.3057 BETA701 1.3796 0.0699 19.724 4
BETAI153 0.0108 0.004 8 -1.1958 BETA702 2.0002 0.168 5 11. 868 7
BETA154 9.34x107° 7.40 x 1077 7.2925 BETA71 -2.4417 0.4309 -5.6668
BETA17 0.8669 0.3005 2.2651 BETA72 -2.5582 0.5579 -4.5855
BETA21 0.8742 1.058 3 12.6176 BETA75 -1.1842 0.5132 -2.3077
BETA271 0.3200 0.074 7 2.8852 BETA77 -0.2135 0.1349 -1.5825
BETA3 -0.6283 0. 0502 0.8260 BETA78 0.3573 0.1302 2.744 0
BETA35 0.1856 0.049 6 4.2843 BETA79 -1.3204 0.4049 -3.2608
BETA36 0.1358 0.0880 -12.5160 BETAS8 1.308 9 0.2629 4.9787
BETA38 -0.3820 0.1552 3.743 4 BETAS0 -0.374 1 0.3868 -0.9670
BETA4 -1.0407 0.3655 1.5435 BETAS2 2.298 1 1. 066 3 2.1553
BETA40 -0.9928 0.1303 -2.4623 BETA84 -0.3677 0.3883 -0.9470
BETA42 0.1737 0.1419 -2.84717 BETAS8S5 3.4947 1.1424 3.059 1
BETA43 -2.3322 0.3237 -7.6210 BETAS87 -1.746 2 0.5610 -3.1128
BETA44 1.5250 0.254 4 1.2237 BETA901 3.3833 0.0394 85.834 4
BETA45 1.364 4 0.3737 -7.204 1

4) The travelers whose ages are from 6 to 14 or over 59
do not prefer to select the bike mode. But the low-income
group tends to select bike than the high-income group. The
possession of bikes in a family and the ratios of bike number
to the family members have an important impact on choo-
sing the bike mode.

5) The high-income group has a positive effect on the bus
mode. The travelers who work in public institution have a
positive effect on the bicycle mode.

6) The travelers who choose a taxi as the trip mode have
these characteristics: monthly expenditure in traffic more
than 200 yuan or the self-employed.

7) The travelers in the 20 to 39 age group prefer to select

the motorcycle mode, and the travelers in the 6 to 14 age
group do not prefer to select the motorcycle mode. The
travelers whose monthly expenditure in traffic is between
100 and 200 yuan do not prefer to select the motorcycle
mode. The travelers whose yearly income is between 30 000
and 50 000 yuan prefer to select the motorcycle mode. mo-
torcycle ownership and the ratios of motorcycle number to
the family members have an important impact on the motor-
cycle mode.

8) The travelers, whose age is in the 20 to 30 age group,
or the monthly expenditure in traffic is above 400 yuan, or
the monthly income is above 1 000 yuan, or the self-em-
ployed, prefer to select the car mode.
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9) The travelers, who are more than 59 years old or work
in public institutions, usually select official cars as the trip
mode.

10) The travelers whose monthly expenditure in traffic is
over 200 yuan do not prefer to select the coach mode. The
travelers who work in public institutions prefer to select the
coach mode.

4 Contrast between Combined Model and Gravity
Model

This paper uses the forecast of the OD matrix to verify the
effectiveness of the combined model and the gravity model.
4/5 of the original data is used for modeling, and 1/5 of the
original data is used to test data.

The matrix U = (u;) is composed of trip modes and the
variables of the model. Trip modes are arranged as the row
of the matrix, and the variables of the model are arranged as
the array of the matrix. The elements of the matrix are the
estimated values of the corresponding variables. If some
variable is not included in the utility definition of the trip
mode, the corresponding value is zero. The utility vector of
the trip mode is U,, and it is divided into three parts: U, =
(S,|D,|C), where S., D, and C, represent the socio-eco-
nomic characteristics, the trip distance, and the characteris-
tics of the zones, respectively.

The vectors formed by the variables of the j-th trip re-
cords are divided into three parts: V;, V,, and V. The
numbers of the rows of the three vectors are 1, 204 and
204, respectively. Therefore, the utility of trip mode i and
combined alternative branches of the destination zone is

(M,®D) =V, -S,®@I+V, D, +V,-C, (8)

where I, ., is a matrix whose elements are all 1. From Eq.
(8), we can obtain the utility matrix (M &®D).

The combined choice probability of the j-th trip record is
obtained as

b _(_exp(md,)
T Y exp(midy) ®)

8 x204

From Eq. (9), we can obtain the OD matrix.

We compare the combined model and the gravity model.
The statistical results show that the total number of the
round-trips is 13 892 and the number of the round-trips in
the zones is 4 305, which is 31. 0% of the total trips. From
the results of the gravity model, the number of the round-
trips in the zones is 1 450, which is 10.4% of the total
trips. From the results of the combined model, the number
of the round-trips in the zones is 4 457, which is 32. 08%
of the total trips, and it is slightly higher than the actual sit-
uation.

Further comparisons between the gravity model and the
combined model are shown in Fig.2 and Fig. 3. From Fig. 2
and Fig. 3, we can see that the differences between the fore-
cast values of the combined model and the actual values
fluctuate around zero. But the differences between the fore-
cast values of the gravity model and the actual values are
less than zero.

Taking the 7th zone as an example, the differences of the

trip distribution between the forecast values of the two mod-
els and the statistical values are shown in Fig. 4.

It can be seen that the differences between the forecast
values of the combined model and the actual values and the
differences between the forecast values of the gravity model
and the actual values are consistent. This validates the ra-
tionality of the two forecast models. From Fig. 4, it can be
seen that the forecast results of the combined choice mode is
closer to the actual data than those of the gravity model.
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Fig.4 Difference between the forecast values of the two

models and the statistical values in the 7th zone

The combined model is more reasonable than the gravity
model from the viewpoint of integrity and distribution. But,
the forecast values of the two models have a similar imper-
fection; 1i.e., the forecast values of some zones are greater
than the actual value. The main reason is that the restriction
in selecting the destination is not enough. However, from a
theoretical point of view, the combined choice model is a
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micro-model which simulates the personal choice of trip.
The limitation of the alternative branches of destinations can
flexibly add these types of constraints'”™” . But the difficulty
in data investigation and processing is increased. With the
development of GIS, GPS and the computer, this problem
can be solved.

5 Conclusion

A combined choice model is established based on the dis-
crete choice theory. The results show that, compared with
the gravity model, the combined choice model is better.
The combined choice model is a micro-model which simu-
lates the personal choice of travel. It has many advantages
in explaining the trip activities. With the breakthroughs in
computer technology and trip survey techniques, the com-
bined choice model can deal with more alternative branches
and consider more variables. Therefore, the combined
choice model is a powerful tool for transportation planning
in the future.
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