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1. Introduction 
  Travel behavior changes over time in both long-term and short-term perspective, and such changes might be not the 
same across individuals, either. The factors influence individuals travel behavior changes include many aspects, such 
as individuals’ choice history, household or workplace attributes, the circumstantial context, the alternatives’ attributes, 
and so on. This paper deals with travel mode choice by especially focusing on individual tastes to levels of services 
(e.g., travel time, cost and frequency), which are the most important factors to shape transportation planning and 
demand management policies. By assuming that change of taste per unit of time, “ct”, is stable, but might show 
changing influences on travel behavior due to the lapse of time, individual taste at time t, B(t), can be defined as the 
summation of the taste at initial time, B(0), and the accumulated influences of “ct” over time, which are allowed to 
further differ across individuals. Conventional dynamic discrete choice models have not satisfactorily represented 
individual heterogeneity due to the insufficient utilization of individual attributes and behavior data. This paper 
attempts to incorporate such heterogeneous dynamics into the dynamic GEV (DGEV) modeling framework proposed 
by Swait and his colleagues 1). The DGEV model can simultaneously represent initial conditions, state dependence 
and influence of future expectation. An empirical analysis is conducted using a 4-wave panel data collected in 
Hiroshima city from 1987 to 1994. The data include revealed preference (RP) panel survey data and stated preference 
(SP) panel survey data, the estimated results confirm that the established model can flexibly describe choice behavior 
dynamics with a higher accuracy using both RP and SP data. 
 
2. Model 
  It is known that Heckman 2) presents a general modeling framework of dynamic behavior, as shown below. 
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Here, i, j and t indicate individual, alternative in choice set and time, respectively. ijtu  is the utility function, ijtv  is 
deterministic portion and ijtε  is the error component. ijtd  is a variable indicate choice result, equal to 1 when 

0≥ijtu  and 0 when 0<ijtu . tkt ,−γ  explains the influence of previous choice results on current choice, i.e., true 
state dependence. ktk −,λ  describes the accumulated effects of previous choice results. ijtx  is explanatory variable 
with parameter β . )(LG  is a lag operator that represents the influence of past preference (i.e., behavior inertia).   
  Heckman’s dynamic model is very general and can include many existing models as special cases. Recently, in line 
with the idea of Heckman’s model, Swait et al.1) derived a new dynamic model by specifying the following G 
function of the well-known GEV model family.  
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where ijtv  is the deterministic term of utility function, ijsγ is the parameter explaining future utilities, ijsα  
describes the influence of past utilities (i.e., habit persistence and variety-seeking), and tμ  is scale factor at time t. 
  Under the principle of random utility maximization, a new dynamic GEV model (hereafter, called DGEV model) 
can be derived as: 
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where ijtV~  is the meta-utility, ijtϕ  represents the influence of future expectation ( 0≥ijtϕ ) and is transformed from 
ijsγ , and T is the number of total time points. Using equation (6), initial condition, future behavior (expectation), state 

dependence, and time-varying taste can be simultaneously incorporated. 
  Omitting the 2nd to 4th items in the right side of Equation (2), the utility function can be represented below. 

ijtijtitijt xu εβ +=                                                    (7) 

  Since the temporally-changing taste parameter can be transformed into  

ititit βββ Δ+= −1                                                    (8) 

 then, the utility function can be decomposed into 
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where 11 −− ijtit xβ  is the previous utility, ijtit xΔβ  is the change of level of variable x and 1−Δ ijtit xβ  is the 
behavioral adjustment. 
  To derive an operational dynamic model for future prediction, it is necessary to explore the regularity in temporal 
change. Therefore, we propose to further transform taste parameter as follows: 
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where 0iβ is the taste parameter at the initial time point t0, βΔ  is the change of taste per unit, and itρ  is the 

influence of taste due to the progress of time on behavior. 
  In order to compare the validity of the DGEV model with heterogeneity (called DGEV_H model), we also estimate 
a dynamic MNL model with heterogeneity, which is a special case of DGEV_H model without the consideration of 

future behavior, as shown below. Note itβ  is defined using equation (10). 
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3. Data and Model Estimation 
  The data using in this study was collected by our laboratory in Hiroshima city from 1987 to 1994. The purpose is to 
predict commuter demand for Astramline, opened at the time of the 12th Asian Game in 1994, our laboratory 
conducted a 4-wave SP panel survey (i.e., the years of 1987, 90, 93, 94). The SP panel survey considers passenger car 
and bus as the alternative modes of Astramline. Each respondent was requested to participate in the panel as much as 
possible. Sample refreshment was also done to cover for samples dropped out during the course of the panel survey. 



 

In the survey conducted before the opening of Astramline, the respondents were asked to answer several hypothetical 
choice questions, meanwhile, report their actual choice modes for commuting. After its opening, these panel 
respondents were asked again to report their actual travel modes including Astramline. Although multiple SP choice 
results were obtained in the survey from most of the respondents, they are regarded as single-choice results from 
different respondents without loss of generality. As a result, 226 valid panel samples were obtained. 
  In this model, gender, occupation and number of household members were chosen as explanatory variables, as well 
as the level of service variables, which are not the same between RP and SP data (see Table 1). The data used in this 
study covers 4 points in time, i.e., 1987, 1990, 1993and 1994. We estimate the DGEV_H and DMNL_H models for 
six time periods, i.e., 87-90, 87-90-93, 87-90-93-94, 90-93, 90-93-94, and 93-94. Due to the limited spaces, for 
comparison of model accuracy, Table 2 only shows the results of one model for each of SP and RP data, respectively. 
It is clear that for both RP and SP data, DGEV_H models are clearly superior to DMNL_H model. 

Table 1. Explanatory variables 
RP Data  SP Data 

travel time, travel cost (including parking fee) CAR travel time, travel cost (including parking fee) 
travel time, travel cost BUS travel time, travel cost, waiting time at bus stop 
 NTS 

Astramline 
travel time, travel cost, access time to and waiting 
time at Astramline station 

Table 2. Comparison of model accuracies 
Adjusted McFadden’s Rho-squared DMNL_H model DGEV_H model 

RP Data (1987, 1990, 1993, 1994) 0.3678 0.4596   (25% improved) 

SP Data (1987, 1990, 1993, 1994) 0.1079 0.2898  (169% improved) 
  Table 3 shows the estimation results of DGEV_H models from 1987 to 1994 for both RP and SP data. McFadden’s 
Rho-squared is 0.4937 and 0.3157 for RP and SP model respectively, suggesting that the model accuracy is 
satisfactory. Observing all of the parameters, except for the parameters of access time, more than half of the 
parameters are statistically significant larger 95% level. Initial utility and state dependence estimate by different 
models are shown in Fig 1 (RP) and Fig 2 (SP). All of state dependence parameters are positive, it is understood that 
individuals prefer to maintain their habit rather than pursue the diversity when choosing travel mode. Contrarily, the 
parameters of initial utility present instability in this model estimate results, this means it needs the further study in the 
future and to find a more suitable variable. Fig 3 and Fig 4 show the estimated results of influence of end-time of 
panel survey based on future expectation. It can be seen from the figures, if the start-time of survey is fixed and the 
end-time is changed then the estimated future expectation parameters will show different change pattern. For instance, 
when the survey start-time is fixed in 1987, and the end-time is changed in 1990, 1993, 1994, the change patterns of 
the future expectation parameters are not steady. It is thought that the number of time-points will influence the 
estimated results, but compare the results with the same number of time-points (i.e., 87-90, 90-93, 93-94 with two 
time-points and 87-90-93, 90-93-94 with three time-points), it is still there is not a stable change pattern of the future 
expectation parameter. Moreover, the value of the future expectation parameter with different pattern when the 
end-time in 1993 and 1994 respectively; at the same time, the value of the future expectation parameter become 
smaller while approaching in 1994. This can be interpreted that the influence of future expectation be reduced over 
time. Therefore, it is suggested that model estimations might be different according to end-time of the panel survey. 
 
4. Conclusion 
It is confirmed that the developed DGEV_H model is effective to capture heterogeneous dynamics in travel mode 
choice behavior in both RP and SP contexts. State dependence (habit persistence) seems not sensitive to time frame of 
panel survey. However, end-time of panel survey surely influences other aspects of travel behavior, i.e., decision of 
terminating a panel survey should be paid much more sufficient attention.  
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Fig 1 Initial utility and state dependence: RP 
(DGEV_H model)  
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Fig 2 Initial utility and state dependence: SP 
(DGEV_H model)  
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Fig 3 Influence of end-time of panel survey 
based on future expectation: RP  

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

BU
S‐
87

BU
S‐
90

BU
S‐
93

BU
S‐
94

CA
R‐
87

CA
R‐
90

CA
R‐
93

CA
R‐
94

N
TS
‐8
7

N
TS
‐9
0

N
TS
‐9
3

N
TS
‐9
4

Model‐87/90

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

BU
S‐
87

BU
S‐
90

BU
S‐
93

BU
S‐
94

CA
R‐
87

CA
R‐
90

CA
R‐
93

CA
R‐
94

N
TS
‐8
7

N
TS
‐9
0

N
TS
‐9
3

N
TS
‐9
4

Model‐87/90/93

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

BU
S‐
87

BU
S‐
90

BU
S‐
93

BU
S‐
94

CA
R‐
87

CA
R‐
90

CA
R‐
93

CA
R‐
94

N
TS
‐8
7

N
TS
‐9
0

N
TS
‐9
3

N
TS
‐9
4

Model‐87/90/93/94

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

BU
S‐
87

BU
S‐
90

BU
S‐
93

BU
S‐
94

CA
R‐
87

CA
R‐
90

CA
R‐
93

CA
R‐
94

N
TS
‐8
7

N
TS
‐9
0

N
TS
‐9
3

N
TS
‐9
4

Model‐90/93/94

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

BU
S‐
87

BU
S‐
90

BU
S‐
93

BU
S‐
94

CA
R‐
87

CA
R‐
90

CA
R‐
93

CA
R‐
94

N
TS
‐8
7

N
TS
‐9
0

N
TS
‐9
3

N
TS
‐9
4

Model‐93/94

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

BU
S‐
87

BU
S‐
90

BU
S‐
93

BU
S‐
94

CA
R‐
87

CA
R‐
90

CA
R‐
93

CA
R‐
94

N
TS
‐8
7

N
TS
‐9
0

N
TS
‐9
3

N
TS
‐9
4

Model‐90/93

 
Fig 4 Influence of end-time of panel survey 
based on future expectation: SP 

Table 3. DGEV_H models: RP and SP 
Explanatory variables RP Model SP Model 
Constant term of BUS 
  Initial value -1.4047** -0.3640 
  Average annual change (Δβ) 0.0631** 0.4122** 
  Influence of 1987 year on average annual change 0.1440   0.5288 
  Influence of time lapse on average annual change 
    Constant term -0.5167 -1.5646 
    Gender 0.1528 1.1042** 
    Age 0.0475* -0.0429** 
    Occupation -0.8509 1.7787* 
    Number of household -0.7779* 0.2150** 
Travel cost 
  Initial value -0.0029** -0.0017** 
  Average annual change (Δβ) 0.0005** 0.0043** 
  Influence of 1987 year on average annual change 2.3668** 0.3065** 
  Influence of time lapse on average annual change 
    Constant term -1.7107* -0.1075 
    Gender -0.8171** 1.2476** 
    Age 0.0325* -0.0542** 
    Occupation 0.7506 0.4201 
    Number of household -0.0211 0.3550** 
Travel time 
  Initial value -0.0114 0.0019 
  Average annual change (Δβ) -0.0238** -0.0038* 
  Influence of 1987 year on average annual change -0.7580* 0.1178 
  Influence of time lapse on average annual change 
    Constant term -0.8690 0.1165 
    Gender 0.5206 1.0527** 
    Age -0.0194 -0.0062 
    Occupation 1.1698 -2.0381** 
    Number of household -0.1452* -0.4082* 
Constant term of NTS 
  Initial value  0.3605 
  Average annual change (Δβ)  0.0012 
  Influence of 1987 year on average annual change  1.9988* 
  Influence of time lapse on average annual change 
    Constant term  -0.8418 
    Gender  1.4842** 
    Age  -0.1330** 
    Occupation  0.5688 
    Number of household  1.9440** 
Waiting time at bus stop or NTS station 
  Initial value  0.2875** 
  Average annual change (Δβ)  0.5798** 
  Influence of 1987 year on average annual change  -0.4850** 
  Influence of time lapse on average annual change 
    Constant term  0.1877 
    Gender  -0.5682 
    Age  -0.0223 
    Occupation  -0.7221 
    Number of household  -1.9021** 
Access time to NTS station 
  Initial value  -0.0097 
  Average annual change (Δβ)  0.0017 
  Influence of 1987 year on average annual change  0.1924 
  Influence of time lapse on average annual change 
    Constant term  1.0471 
    Gender  0.0271 
    Age  -0.0078 
    Occupation  0.1518 
    Number of household  -0.1530** 

 
Model goodness-of-fit   
Initial log-likelihood -676.99 -1256.20 
Converged log-likelihood -342.73 -859.64 
McFadden’s Rho-squared 0.4937 0.3157 
Adjusted McFadden’s Rho-squared 0.4727 0.2618 
Sample size  904=226*4 904=226*4 

         Note: * significant at 95% level; ** significant at 99% level 


