
293

THE COMBINED MODAL SPLIT/ASSIGNMENT MODEL IN THE
TOKYO METROPOLITAII AREA

Takuya MARUYAMA
Graduate Student
Graduate School of Frontier Sciences
University of Tokyo
7-3-l Hongo, Bunkyo-ku, Tokyo,
I 1 3-8656, Japan
Fax: +81-3-5841-8527
E-mail: rnaruyama@ut.t.u-tokyo.ac jp
Noboru HARATA
Professor
Graduate School of Frontier Sciences
University of Tokyo
7-3-l Hongo, Bunkyo-ku, Tokyo,
I I 3-8656, Japan
Fax: +81-3-5841-8527
E-rnail: nhara@ut.t.u-tokyo.ac jp

Yasunori MUROMACHI
Associate Frofcssor
Ensineerins Research Institute
Scfi'ool of Engineering, the Univ. of Tokyo
7-3-l Hongo, Bunkyo-ku, Tokyo,
I I 3-8656, Japan
Fax: +81-3-5841-8527
E-m1il : ymuro@ut. t.u-tokyo.ai jp
Katsutoshi OHfn
Professor
Graduate School of Engineering
University of Tokyo
7-3-l Hongo, Bunkyo-ku, Tokyo,
I I 3-8656, Japan
Fax: +81-3-5841-8527
E-mail: Satsuohta@ut.t.u-tokyo.ac jp

Abstract: In this study, we build a combined modal spliVassignment model in the Tokyo
Mehopolitan Area (TMA), and make a simple policy evaluation. At first, an equivalent
mathematical problem is shown. A road and railway network in TMA by GIS data is
constructed and we check the reproduction accuracy of the model. Next, we estimate the
parameters in modal split model. Finally, the combined model is calculated and congestion
charging policy is evaluated. The policy effect estimated by this model is higher than that by
fixed demand model because this model cafl consider not only the users' route change but also
the modal-shift.
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l.INTRODUCTION

The Four Step Model has been widely used in Metropolitan Transportation Planning, but it has
an inherent weakness. For example, its predictions may not be internally consistent.

These deficiencies have motivated sonrc attenpts to predict the four steps simulgneously. The
first of such models appeared in the elastic dernand traffic assignment problem model of
Beckmann et al. (1956). Evans (1976) extended the formulation to include trip disnibution,
assuming fixed tip generation and an enhopy model for trip dishibution. Florian and Nguyen
(1978) extended the formulation to include modal split. Satuat and Magnanti (1988)
combined all four steps.

However, these combined models were rarely applied to a real-world transportation system.
Safivat (1987) applied the simultaneous equilibrium model to the intercity pilssenger travel in
Egypt. Kawakami and Shi (1995) applied a combined modal split and assignnrnt model to
Nagoya City. Abrahamsson and Lundqvist (1999) applied combined trip distribution, modal
split and assignment model to the Stockholm region. Hasan and Safuat (2000) conpared the
simultaneous approach and the conventional sequential approach in Tyler, Texas.

The objective of this paper is to develop the combined modal spliUassigament model in the
Tokyo Metropolitan Area that can evaluate relevant tansport policy.

Tokyo has been suffering from chronic traffic congestion, and environmental degradation such
as air oollutions. Now Tokyo Metropolitan Government plans to alleviite the traffic
congestion by developing policies to enhance traffrc flow. They promote urban transport
policies that enphasize transportation demand managernent GDD: one such policy is'the
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introduction of a road pricing (congestion chafgng) into the downtown area Thereforc,
reliable modcls which cao forecast the effect of a congestion charging policy is highly needed
now.

In bchavioral terrns, road uscrs cao make six different responses, when faced with congestion
pricing on a n€twork. They can change the route, destination, the tinp of their depariue, rnode,
vehicle-occupancy, and the frequcncy of thcir tipmaking or opt out entirely. Any rnodel
should be able to reflecl ffresc behaviorol r€sponses (Hills, I93).

The combined tansport network models can deal wi0r most of these responses properly. Our
modcl, the combined rnodal spliUassignnrent model, can forecast the users' route change and
modal sift in a congestion charging policy. Our simultaneous equilibrium rnodel produces the
consist€nt tavel cost between the ouput of assignrcnt rmdel and the input of rnode choice
modcl.

2. MODELFOR,MULATION

We assumc the numbcr of tips between each origin r and destination s, q-o, is fxed. Therc
are only two rnodes; urtomobile and transit (railway).

The nursit travel cost between each origin r and destination s, c'{' is constant, expressed in
navcl timc unib. Thc flow-independent cost function in nailways rnay be unreasonable
assunption, because in TMA the railways are very crowdcd in 0re morning or evening rush
hours. Howgver, we accept this assunption for the sirplicity.

Thc Butomobile navcl cost between r and s, cr, depends on fiaffic flow, which increases as the
flow grows on automobile networks. These cost include not only tavel time but also fare and
othcr resistancc which converted into navel time units.

Thc modc choice between each O-D pair is based on following logit model. The automobile
flow bctwcen origin r and destination s is given by

Iat' ad l*xp('o(c? -co)+Yo)

where 0and Y," rc psrametem, and the rursit flow is given by q? =\io-Qo. Norc that this
logit mode choice model includes I consbng Y,r, which capures the effects of all factors
othcr $ur the (gencralized) travel-time differenbe on the mode choice.

If the satc in automobile networks is described by Wardrop's First Principle, ttre modal
spliUassigrment model is formulated as following equivalent mathematical problcm (Sheffi,
r98s).

min.z(rq,q")=If r.1o;ao+I}["{et(+",-J.,r-Irv,la,

(l)

(2a)

(2b)s. t. lt: +l? =fro,vre R,se s
hr.

f, )0,Vte r(o,re R,se S

'. =II l6i''7f'vae t
ni rJ hlo

i^>q? )0,Vre R,se,S

whert a is a link in $e set l, x, is flow in link a, t{xo) is link cost function
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origin node set 
^S 

is destination node set, K,, is set of paths connecting OD pair rs. and f,lis
flow on path t benveen oD pair rs. dj', is I if link a ii on path & betileen oD paii rs, drid 0
otherwise.

The equation (2a) can be rewritten as

min. z (x,q,q*1 = | f' 4(ot,. . *I I q? tn q?

.iII,^'o^ 
14I, ': -i*^ir,;: (3)

!nis. gptimizalion programs can be solved easily and efiiciently by Frank-Wolfe method or
Partial Linearization method.

3.INPUTDATA

We applied this combined modal spliUassigrnrcnt model to TMA. There are so many railway
lines and conplicated road networks in TMA, so we make best use of GIS (GdoeraDhii
Information- System) data. GlS-based transportation models have realistic repreienaloir of
multi-modal tanspgrtation network, iqcreas-ed likelihood of database integrity after updates,
effective user interfaces, and graphic display of model resuls (Miller and Stirm, 1996).'

3.1. Zoning System end O'D metrices

we estimated o-D rnatices from TMA Person Trip (PT) survey in 1998, and Road Traffic
C9n9.us OD survey in 1994. We used the departre time bised OD. Zone size is PT
Medium-size zone,.which divides JMA into lii4 zones (See Figure 2). Average arca of
Mediurn-size zones.is about 100 km2.

Car OD and transit OD are based on PT survey. Freight OD is based on Road Trafiic Census.
We calculate the model in each one-hour but we don't consider the residual OD for the
simplicity.

3.2. Reihnay Network

Y. ryrdt rytlway .ngtrrqrk from the background data of Digital Road Map. This background
data has only spatial.informatiolr, so we add the various information such as kind of [ilway
company..We also add tansfer link and boarding links and egress links to make this netrvor[
available in assigrment model.

Table I shows the number of links and nodes in railway network. This network includes all 0re
railways and stations in TMA. Figure 3 shows that rail'ivay network is very dense in this area.

We add the constant fare cost on boarding links and distance-proportional fare on the line hole
link. The line hole havel time is calculatei by timetables. The'fui is converGd into travel time
terms by value of time.

In order to consider different evaluations on in-vehicle time, access time, egress time, and
lransfer time, we put weights on access time, egress time, and nansfer time. This conversion is
based on the parameter eitimated by Yai et al.-(1997). They made railway route choice model
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in TMA by the multinomial probit with structured covariance. According to their_estirnation
rcsults, the value of in-vehicie cost and in-vehicle time is I1.9 */min, and the tadeoff ratio
between access time and in-vehicle time is 1.83 and so forth. We use these variables in the
conversion.

If you want to create the railway model completely in this are4 you should distinguish !t..f"it
serrice class, such as express, ripid, and local train, and should set all the cost oftansfer link
properly. However, this iask is v6ry time consumin& so we use average tavel time if there are

hoir: ttran one rail service classes in one link, and tpical transfer cost.

We should confirm the reliability of this railway networks, Therefore, we at first make a tansit
assigrmeng by PT rail OD and this network.- We used probit-based- lo.ading model (Sheffi,
1985) for'this assignment. We calnot neglect the overlapped.relation b"Y.gI,- 

-P.ai1.of
alteniatives in the roite choice behavior, beciuse railways network is very dense in TMA. The
logit-based loading model is not appropriate in this case.

2,0m,0q
o
6
E,o
o

u00,000

1,000,000

5m,000

0

0 500,000 1,000,000 I J00,000 2,0m,000

Figure l. Estimated vs observed link flows in railways network

The assignment results are compared wittr the observed link flows by the Mass Transit
Passengei Survey. The comparison of daily link flows is shown in Figure l. The correlation

coefficient n is O.AS, and nliSf is 182,717.-The underBstirnate in larger link flow area can be
partly due to the neglect ofthe intra-zonal trips.

We use the average minimum cost calculated by this probit assignment rnodel as c[' in the

equation (2a).

3.3. Automobile Model

Okuhira et al. (2N0) constructed the fixed-demand network assignment_ model in TMA. We
use the same nen orli, link cost functions and road-related parameters as their model did. Their
model reproduced the current road situation properly. The correlation coefficient R was 0.73
between istimated and observed link flows,-and O.0O between estirnated and obsenred link
velocity in the peak period.

y=0.6641x+31433

R2 = 0.7153
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Table 2 and Figure 4 show the road networks in TMA. This network has 2Jevel hierarchy.
The network within 40km of central Tokyo is relatively dense, and the other is coarse.

Kinds of zone

f] 116

I 2lwrd
I yrnanote
! other internal zones

E erenulrores

Table 2. Road Networks in TMA.

Figure 2. Znning System
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JR line

- 
Other railways

Figure 3. Railway Networks in TMA

Rinc Road 7
' (C,ordon line

- 

Expressway

Figure 4. Road Networks in TMA
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4. PARAMETER f, STIMATION

4.1. Esdmrdon Method

We estimarc the parameters in the mode split model (l) in this section. Kawakami and
Mizokami (1986) proposed a method to simultaneously determine the parameters of mode
choice and equilibrium tafEc flow. Hiclcs and Abdel-aal (1998), Boyrce and Zhang (1997) and
Abrahamsson and L,undqvist (1999) showed some other methods of parameter estimation. In
this paper, we use a simple method, that is, sequential estimation method.

At first, we temporarily assign automobile OD to road networks and get the minimum travel
cost by automobile between each OD pair. Similarly, we assign the ransit OD to ransit
network and get the minimum tavel cost by tansit. Then using both travel costs we estimate
the parameters in logit model.

The travel cost here includes the monetary cost converted into minute terms by the value of
time. We assunr that value of time is 50 9min. There are rnany toll roads in TMA and toll is
converted into tirne. The tansit fare is also converted into time.

4.2. Dummy veriebles

At First, we define_'tamanote zone",.'23ward zone", and "116 zone" as shown in Figure 2.
Roughly speaking 'lnamanote zone" is within the railway yamanote line, and "116 zdne" is
within the Route 16. 'Z3ward zone" belongs to the Tokyo 23 ward.

We use the dummy variables in (l), Y^, as following. L_yamanote is I if origin zone is
yamanot€ zone, and 0 otherwise. A3amanote is I if destination zone is yamanote ione, and 0
othenvise. L33wafi, A_23ward,L_r16, and A_116 are defined similiarly. These variables
represent all factors other than the (generalized) navel-time difference, such as parking cost,
trip purposes, and automobile ownership rate.

4.3. Estimrtlon Results

We estimated the parameters in each time periods during 7a.m. and 7p.m. The result is shown
in Table 3. Every parameter has conect sigrs and is statistically significant. Because of
intoducing dummy variable, we get good results. The correlation-coeffrcient R is 0.92-0.99
between estimated and observed tansit OD, and 0.85-0.92 between estimated and observed
car OD (Figure- 5)- Changes of estimated dummy variables are shown in Figure 6. If these
parameters 

_are high, the tansit will be preferred. The higher pararn€ters of A__yarnanote and
A 23ward in the morning represent the transit morning rush hour to the centr;l Tokyo. The
hilher paranreters of L--Sfnrinote and L 23ward in the-evening iepresent ttri tr"riii 6rening
rush hour.

The Combined Modal SpliUAssignment Model in the Tokyo Metropolitan Area
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Table 3. Estimation Results of it Model
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Regression equation: y = a + D x, y: estimated OD trip,.r: observed OD trip,

a: y-intercept, D: regression coefficient'
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Figure 5. Estimated vs observed OD flows in 7 am
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Figure 6. Changes of Dummy Variables

5. APPLICATION

5.1. Computation and Validation

We calculate the combined model using above-mentioned OD matices, multi-modal network
and estimated pamrneters for each one-hour period with Partial Linearization method. The
increasing capabilities of conputational platforms enable us to execute this large-scaled havel
demand analysis.

We have to validate this model at first. As one of the validation, Figure 7 shows the change of
objective function Z in (2a) as iteration grows. The value is monot6nously decreasing, sdthis
model seems to work properly.

tro
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G
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6ilt62126313641$5t

itetatiqr number

Figure 7. Convergence of objective function
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5.2. Example of Policy Eveluation

We analyze the effect of congestion charging policy as example of policy evaluation with this
model. In our simulation of 

-the 
cordon pricing, road users who go into the ring road 7 (see

Figure 4) should pay Y700 from 7 a.m. to 7 p.m. This situation is represented in the model by
adiing pricing cost on the link which traverses the cordon line from outer area to inner area.

The p-riiing c6st is converted into travel time by value of time. Parameters in the modal split
model lTa6le 3) are assumed unchanged after the policy.

One of the evaluation results is change in total pcu-km between before and after
implementation of congestion charging (Figure 8). Tw9 results are displayed; one is evaluation
bv'an assisnment m6del with fixed dEmand and another is by the combined modal
sititlassignriient model developed in this study. In the former model, users rnay change route

in the chireing policy. In the 6tter model, users may change route and mode from car to hansit.

Therefore,'thi6ffecf of policy on traffrc volume by the latter model is larger than the former
model.

The change rate of traffrc volume in the area inside the cordon line is large, such .?s 
"inside

yamanoteiine" and "yamanote line - ring road 7". However, outside the cordon line; "ring
ioad 7- 23ward", the policy gives very small effect or may even make situation worse. This is
caused by users who make a detour around the cordon line.

In this study, the difference between fixed demand model and combined model is small. This
is due to th6'small value of parameter 0 in Table 3. If this value were bigger, the change rate

would be larger.

For road pricing evaluations, there are other assignment models trylng.to tackle the 'fixed"
aemand o'robleri. such as elastic assignment or the matrix capping technique, without heating

thi mod'al split explicitly (Rogers,-1991; White et al., 199.5)..Our combined model is

theoretically iuperior to direie sinpie models because our model deals with users' behavior

e*pticltty. fhe irpirical comparis6ns between these sinple models and our combined model

will be interesting.
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Figure 8. Changes of Total Pcu-kms after Congestion Charging Policy
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6. CONCLUSION

In this study, we built a combined modal split/assignment model for the Tokyo Metropolitan
Area (TMA), and used for simple policy evaluation. First, the equivalent mathernatical
problem was shown, and road and railway network in TMA constructed in GIS data. Then the
reproduction accuracy of the model was checked and we estimate the parameters of modal
split model for each one-hour period. Finally, the combined model was calculated and the
congestion charging policy evaluated.

Much the further research is needed for a reliable evaluation of congestion charging policy in
lokyo. This model has only one user class, but the captives should be treated ieparafely.
Further challenging model developments, such as inclusion of departure time choice will 5e
useful.
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