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MULTINOMIAL PROBIT WITH STRUCTURED COVARIANCE FOR
ROUTE CHOICE BEHAVIOR

TETSUO YAI
Depariment of Civil Engineermg, Tokyo Institute of Technology. Ookayama, Meguro-ku, Tokyo 152, Japan

SEUT IWAKURA
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SHIGERU MORICHI

Department of Civil Engineering, University of Tokyo, Hongo, Bunkyo-ku, Tokya 112, Japan
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Abstract—We propose another version of the mulunomial probit model with @ struciured covariamce matris
10 represent any overlapped relation between route alternatives. The fundamenial ideas of the model were
presented in Yai e ol (1993} and Yai and lwakura (1994). The assumptions introduced in the model may be
more redlistic for route choice behaviors on a dense network than the strict assumption of the independent
alternative property of the multinomial logit model. As the nested logit model assumes an identical dispersion
parameter between two modeling levels for all tnp makers. the model has difficulty in expressing individual
choice-tree structures. To improve the applcahility of the multinomizl probit madel o route choee
behaviors, we introduce a function which represents an overlapped relation between pairs of aliernatives and
propose a multinomial probit madel in which the structured covariance matrix uses the function in order to
consider the individual choice-tree structures in the matris and the estimatability of the new alternative’s
covariances. After examining the applicability of the multinomial probit model using empirical route choice
data in a Tokyo metropolitan region. we also propose a method for evaluating consumer benefits on
complicated networks based on the multinomial probit model. © 1987 Elsevier Science Lud

L INTRODUC

ON

The applications of the multinomial probit model have not been adequately successful in spite of
its advantages in flexibility of the mode! form. Certainly, the complexity of the computational
process has deterred its use. compared to the wide applications of the multinomial logit models.
Early advances in the estimation method of the multinomial probit medel were achieved before
the early 80s, by Daganzo (1977), Lerman and Manski (1981), Daganzo and Sheffi (1982) and
Shefli er al. (1982). Their work discussed alternative methods for estimating the covariance matrix
simultaneously with utility function parameters. No accurate method was found during these
carlier advances and thus the multinomial probit model was not widely applied (Horowitz et al.,
1982; Horowitz. 1991). In the 1980s. most discrete choice models were calibrated by the multino-
mial logit model or expansion forms of the multinomial logit such as the nested logit model.
Although most results were satisfactory in representing travel behaviors of modal choices, several
behaviors which do not satisfy the assumptions of the mulunomial logit model exist. Most prob-
ably. the cause of such behaviors 15 the interdependency of choice alternatives.

Recently, there have been advances in multinomial probit estimation {McFadden, 1989%;
Pakes and Pollard, 1989; Bunch, 1991; Bolduc and Ben-Akiva, 1991; Boldue, 1992; Geweke et al.,
1994), The method of simulated moments proposed by McFadden seems to encourage multi-
nomial probit applications because of its computational efficiency in seeking model parameters.
Bolduc focused on the estimation of the multinomial probit model with a large choice set using
auto-regressive errors with distance related functions among alernatives for simplifying its
covariance matrix. Bunch simplified the multinomial probit model's covariance matrix with his
transformation method which lessens the estimation problem. Geweke er al. compared several

195

Tetsuo YAI and Tetsuo SHIMIZU: Multinomial Probit with Structured Covariance for Several Choice Situations with Similar Alternatives,

Transportation Research Record, No. 1645, pp. 69-75, 1998.
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Choice
incorporate this pattern. Imposing these restrictions is called “placing Methods

structure on the covariance matrix.”

with Simulation
The structure can take various forms, depending on the application. : -
Yai, Iwakura and Morichi (1997) estimate a probit model of route
choice where the covariance between any two routes depends only on
the length of shared route segments; this structure reduces the number
of covariance parameters to only one, which captures the relation of
the covariance to shared length. Bolduc, Fortin and Fournier (1996 )
estimate a model of physicians’ choice of location where the covariance
among locations is a function of their proximity to one another, using
what Bolduc (1992) has called a “generalized autoregressive” structure.
Haaijer et al. (1998) place a factor-analytic structure that arises from
random coefficients of explanatory variables; this type of structure is
described in detail in section 5.3 below. Elrod and Keane (1995) place

]
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Kenneth Train (2003): Discrete Choice Methods with Simulation, Cambridge University Press First edition.
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Simulated Trajector-ies LOSS

Phun Veng Kheang, Hirata Terumitsu, Yai Tetsuo. Effects of noise exposure of other people on aircraft noise tolerability using a reference
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The boundary of ME forms two areas in road spaces, the enveloped area inside the boundary and the
remaining area outside the boundary. We consider that MEs describe people’s perceptions through

expressions from both perspectives.

SME:

® Outside
SME (space

needs)
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Zou, L., Yai, T. (2022). Exploration of mental envelope determinants when pedestrians interact with various mobilities on mixed streets. Transportation Research F: Psychology and Behaviour, 85, 24-37.
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