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Abstract: To relax urban traffic congestion. TDM (TransPQrtation Demand Management)

;H;;;1ffiil'[;;;if';i;;-"il;?i';1o' Ho*'ie', in Japan' examples are rew' and

i"iiri,T"ttJirtion, *.'n"JdJiii,i i"if16n*ting the schemes. This studv "Tfff:tJil?:?Bg.:
il;16i[,t;TiDM '"h";;i 

in reinanstrin aiea 
H:::'A*li":,,'jrtii:itl *;,es with thefifdatrt oi reinanstrin District. Firstly, by t

h;"l#it"fi;y;Tf#; tr,Ja'ir"^ conlmuiingin;aflf;6ft;ihireasons whv thev drive

[#,*'#*di:'l:'[r,"ltir[l i:tl#.li:ti:,:tn:relffi;q$ffi;t';':ih;[:iffi#iiif ii ih;-ah*s" of tfie ratio of the samples tha
considered bv the sensiii'riil;;iy;ft. iid;gh th"te-analyses,'the feasibilitv of the TDM

;;h;;; Gaka Metropolitan Aiea is discussed'

I.INTRODUCTION

Due to the increasing demand of the automobile use- in recent. years, urban traffic

consestion becomes .;;";ii ,ot. 
-i.rious. 

tt e traffrc congestion not onlv causes

oer6nal problems such as loss of time, cost.and ir"itJ .lr*p;iiii", uUt also serious social

ffiiffir1f:;[";-#fil";id;1'r *a uir pottution.'To reiie.f traffic congestion,

I#r:Xilcftd,i'tufu.itlliii.""itr"iting ne* ioads used to be the common stratesv.

However, increasrng traffic capacity c?n *r;;';6[-rp *iit. t5. ipeed of automob'ile

increase. and furthermor", tt " 
irew ioad construciion mi'y result in thb increase of traffic

lffi"#il.H;ddii'i,i;,,ili#;;fti,;iijil;;;i, ii is eitremely difficult because of the

spatial restrictions to construct new roads'

ilr*f*lqfi r*,$*#,ptr}5l:-#*,ii-Lt;fs{tlffif*r
[:TellYffi["#""t#t**ri'llt'T{#,fi'fl .jl:llifi i,iff::"iYl;]IP#iiiiil!
i!H;.iit*r. ffifiili;gy i,ui'origi*t.d fr;rfi tfe United States]Due to the differences in

;iffii1;;kiroun4-bunsportatron ^sJSJem.and-auiiiubitity 
of urban spaces, it remains

""tjear 
wtrettr?r TDM scheines are efficient in Japan'

In order to check. the efficiency of the TDM schemes, it is strongly '.#'[*:x {,Tf til:
fru'*tH.["";*iU:,f" i:fl;"iffi.ifif."ilffi:rf,T'*1i ,lln'ffT3""H r'ffJii'#'!n""i
if the conditions are imProved.

Upon these backgrounds, this study has three objectives. First objective is to analyse the
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reason for the automobile commuters to use cars by the personal-tip based analyses. By
sesmentins the sample and cross aqgregation analyses. the reasons why they use
auTomobilSs are analised. Second obidc-tivE is to conitruct the model that rJxplaiis the
drivers' commuting modal choice. ThrJ logit model is applied to explain.the qnodal choice,
and the parameteri are estimated based -on the person6l trip data-. Third obiective is to
check th6 sensitivity of the commuting modal chbices in order to study the e-ffects of the
trip characteristics on the modal choice.

The oersonal trip data used in this studv was collected from the third PT survey of
Keihanshin (Kybto, Osaka, and Kobe) Metropolitan Area in 1990 (Keihanshin
Metropolitan Area Cbuncil, l99l). The chaiacteristiis of PT data are that the sainple size is
ouite [arse but the ouestions are limited. In this studv. as the analyses are Droceeded based
dn the virieties ofcioss aggregations, a lot ofsamplesare needed.'Thus, this study is based
on the PT data.

Thispaper.coqsjsts ofsix chapters. The first chpptel discusseslhe background and purprose
ofthis studv. The second chajoter revi
of various TDM schemes. The third

ujpter reviews the ddvelopments, deploymeit and expe'ctations
The third chapter presents the results of the investigation of9. third chapter presents the resu'lts-of the- investigation.ofvestlgatlon

modal chocommutins in Osaka Metrooolitan Area.-The-fourth chapter DroDoses the modal choice
niodel anJ discusses.the chahge of the modal choice protdbiliti bJlhe sensitivity *4yrir.model, and dlscusses the change oI the moclal cholce probablllty by tlle sensltlvlty analysls.
The fifth chapter discusse-s the feasibility. of introducing TDM schemes in Osaka
metropolitan Area. The final chapter summirises the results and provides the perspective
for th6 future.

2. TRANSPORTATION DEMAND MANAGEMENT SCHEMES

When the traffrc demand is lareer than the traffrc capacitv. the problem of consestion
occurs. Serious taffic problems-were encountered in the llnited States in the 19fl's, so
that TDM was implemented to ease the problems. Compared to TSM (Transportation
System Managemeirt) which targets on the efficient use rif hansportation'systein, TDM
aims to manase travellers' transoortation behaviours. TDM schemes can be classified
based on the ffiroaches to relief tiaffrc congestion: (e.g. Ota, 1992)
l. Spread a peak period oftraffrc,
2. Average use ofroads,
3. Increale use of publi6 transportation,
4. Increase use efEciency of cfus.
5. Decrease occurence of mnsp6rtation demands,
6. Design'one policy to achieve all aims mentioned above.

The aooroaches mentioned above have strons connections to each other. It would result a
better'e'ffect if all the approaches were appliedco-ordinately.

TDM schemes can be also classified based on the executive bodies;
l. Executed by the (local) government:

The laws controlling traneportation behaviours are constituted, including Road
Pricing Schemes, TIA (Transportation Impact Assessment), Park and Ride, Kiss and
Ride, and HOV (High Occupancy Vehicle) lane set-up.

2. Executed by non-government organisations:
It includee flexitime, and modi.fication of office hours and formats.

3. Executed by a Public-Private partrership:
It includes Carpooling, and TMA (Transportation Management Association)
sponsored by the local government.

In addition, TDM schemes can be classified based on the types of enforcement:
l. Arbitrary enforcement:

It includes Trip Reduce Ordinances, TIA, Growth Management, Road Pricing, and
parking management.

2. Voluntary involvement:
It includes carpooling, TMA, flexitime.
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3. CURRENT COMMUTING BEHAVIOURS IN OSAKA METROPOLITAN
AREA

In Osaka Metropolitan Area, the traffrc congestion has been a serio}s problem during peak

il;;. GiilthJ;;ly$;;;tte pf data, thE present commuting behaviours in this area are

;^ffi"d-'iii lirr"JtiE"ti.e the characteristics' of the individualcommuter.s, and analysing

tfrJ'i.iiti'"rJttip betw"ein ifeir characteristics and their commq4ng modal choice, the reason

;il-ttil;;'miiuiomouiies in commuting is discussed. Theie are some analyses llat
;;i";;A tt"-poiriUititv-of introducing TDM schemes in Osaka Area (Nitta et al, 1995;

O-d;i;l at" fg-gi; Tariiguchi et al, 199?). Those analyses.are based.on.the questionnaire

survevs. therefore. the sdmple size are limited though the drivers' behavtours are gnalysed

in aeiaii. Also th-ese reseaiches are based on the stated pretbrence survey.to check.the
r4iaiw of the TDM schemes. On the contrary, this study attempts-to- check the posslblhty
;f th;-ffiir{;hemes based on the PT data, which is a tyfical revealed preference survey.

3.1 Data Used for the AnalYsis

As mentioned in chapter I, the data analyzed in this study were picked up fr9m the.third
pT survev of Keiharishin Metropolitan Area in 1990. At that ttme, the total populatlon
ilu.aT" iti. ,rea of(eihanshin w'ere around 20,410,000 persons. The extraction percentage

ofthird PT survey was about 2Yo,and 382,000 persons were picked up'

Because this research concems with the traffic problems in-Osaka^Metropolitan {,r9a, $e
investigation was focused on the samples that commuted to Osaka Clty. I he cntena lor me

sample-selection are as follows:-o-'-commuters 
to Osaka City (except those who worked at home);

. cornmuters who owned driver's license;
r iommuters who uses automobiles or public hansportation;
. ;ffiuGii ;11g ;;d tha iame modi of transportation for the trips to work and to

home

There were 19,916 samples that fitted the four criteria mentioned above. These subjects

were then categorised into three group-s..
. - -lvp" I " :commuftrJ*tfi go'directly to their regular offices, and go home directly

from their resular offtces,
o Type II : 

"ommuiiiJ 
fiiio go aireitty to the work places that are not their regular

offtces,
o Type III :conunriters who go home directly after finishing work outside their

regular offtces.

The results of the cross aggregation of these types o-f commuters and their choices of
t i6ii,rtiiion-t*aet *oe 3fioilir in Figure 3-1. Note that there :ue some samples m4 ul.
iniiu'aea Uott Type II and Type III. ln th-is figure, those samples are cilculated separately',lt
is sussested thaf comparing with Type I commuters that are domlnant, I.yPe ll ano III

"ornffiiers 
tend to use the iutomobile's. The commuting behaviours w_ere.difl--erent among

ti'#;fip;."rtir"fori,-coffiuiing Uehaviours of fype II and III will be discusseil

separalely ftom Type I commuters.

E Automobila E Public lrrnsPonalion modc

Summary

Typ. I Commutcrs

Typc ll comulcB

Typ! Ill Commui.rs

Typc ll + Typc lll CommutcG

O% 20% 40% 60Yo 80%

Figure 3-l Commuter Classification and their Mode Choice
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3.2 Analyses on the Commuting Modal Choices of Type I Commuters

3.2.1 Relationships between Personal Characteristics and Modal Choices

Based on sex, age and occupation, tle factors contributing to selection of transportation
modes in commuting were investigated. The results suggest that male commuters used cars
morc (25.6Yo) than female commuters (10.60/o). Also, the increase of taking personal
vehicle positively correlated with the increase of commuters' ase. The diffeience was
especialfy signif-rcant at the age of 20-30. The average commutirig rate by car is 23.2Yo
whereas the commuting rate by car of the comrnuter wittr 20 eras is I5.6%.

Relationship between the occupation and commuting modal choices are analysed next.
There were seven occupation categories in the PT study. Figure 3-2 shows that the
engineer/construction and the transportation/communicati6n w-orkers used automobiles
more than the.samples.of .other occupations. [n contrast, the occupation of managing
occupatron used personal velilcles lewer.

I 00.09a
90 0a
t0.0'.
,0.0%
60.0%
J0.0*
a0.0t6
I 0.0t6
20_o*
I 0.ota
0.0t9

gtE _* t_rytl;iarp o,rerion u oac I

/'n$//f/ {

Figure 3-2. Occupation and Commuting Modal Choices

3.2.2The Relationship between Trip Characteristics and Model Choices

In this section, how trip characteristics affect on commutine modal choices is discussed.
Four trip characteristici, departure location, destination loiltion, travelling distance and
departurb tifrre, were analyse-rl.

Figure 3-3 shows the results on the correlation of deparrure location and modal choices.
This figure suggests that the ratio of automobile commuters decrease if the deparnue
locations are distant from Osaka Area. It is also noted that the use of automobiles was hish
irmong those who departed within Osaka City. To study the correlation of destination atd
modal choices, Osaka City is divided into eight destination areas. The result is shown in
Figure 3-4. The results show that less than l0% of those who travelled into the CBD areas
used cars as a cornmuting mode. This number is much lower than those travellins towards
the other areas of Osakatity are. It is pointed out that commuters who depart ind arrive
inside Osaka City tend to us-e automobile more. Therefore, for the commutirs who depart
inside Osaka Citv, the difference of automobile commutins ratio amone OD oairs'are
analysed. The OD pairs where the ratios of automobile use-are over70%. are p'lotted in
Figure 3-5, togethef with the locations of the railway network. The results indicat:e that the
use of the automobiles were much higher in the weCtern, the southem and the eastern parts
of Osaka City. In the aspect of comfruting inside the city, the use of automobiles is'very
high r.n.the rlircular. direction. This impliEs that the pu5iic transportation system is ndt
enough m thrs dlrectron.
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^

Figure 3-3. Correlation of Departure Location and Commuting Rate of Automobiles

Oseka County

/7It
,tt'

Figure 34. Correlation of Destination Location and Commuting Rate of Automobiles

Choice of using on automobiles might be due to the lack of the public transportation. To
u".ifu this. the-averase time spent ivas compared between the public mnsportation and
autoirobil6s. In Fisurl 3-6. the horizontal axis stands for the difference of average time
rpini on the road-befweeir the two groups. For example,'A:21-24min.' means that

"lutoroUit. 
ir from Zt to 24 minutes faiter ihan the publi,i tansportation. The vertical axis

i;tt ir d;trtunar fo. the percentage of using autoinobiles in cbmmuting. It was revealed
ttrai the 

-use of automobilei dramaiically inciease when it saved 6 minutes or more in

""-r*ison 
*ittr usine public transporta:tion. It was also observed that the difference of

,""Hr" iime soent on-thi road betw'een the two groups has a linear relationship to the use

of iuiomobiled in commuting. By looking at Figure j-6, outside thg JR O-saka-Ring (the
rins railroad around CBD and Semi-CBD areas), there is no ring railroad network.
Girbi.s til risults shown in the Figures 3-5 and 3-6, the public transportation service is
not adeq"uate outside the service area-ofthe JR Osaka Ring. It results the increase ofusing
automobiles in commuting.

Fieure 3-7 shows the cross aggregation result of the arrival time at the offtce and the
oiSUaUiiiw of usine automobilEs.-When the arrivd time is earlier, the ratio of using
'auiomobifes increasEs. It has a linear relationship between the arrival time at the office and
tnd riiio ofuiinc automobiles. Based on the linear regression analysis, over 50% ofthose
who arrived earlier than 7:18 AM commute with automobiles.
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Figure 3-5. OD Pairs that the Commuting Rate of cars is aboveT0Yo

I
I
I
t
I

. .: ,.", ."1 ...', ..J , .'/" """ ..: "..1 os/ u.o' " 
J-

tA: cars
P: Public Transportation Means
The left side is the cars faster, and the right side is the public transportation means faster.

Figure 3-6. The Relationship of the Difference of Using Time by Cars and Transit and the

Commuting Rate of Personal Vehicles

In summarv. the availabilitv and accessibilitv of public transportation has a great impact on
choice of liansportation nieans. Because the ritio of using automobiles were veiy high
inside Osaka City, it is very important to improve the public transportation insider Osaka
City.

In this section, how personal and trip characteristics of the commuters affects on the choice
of hansportation melans was studied. In the next section, commuting trip is considered as a
first pait of a trip chain, and the relationship between commuting modal choice and
activ[ties after arriving company are analysed.

Figure 3-7. Relationship of the Aniving Time to Company and the Commuting Rate of- automobiles'

:itrrtiir
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3.2.3 The Relationship between Activities after commuting and commuting Modal
Choice

The samples used in this section are oqly Type-I commuters. Al^so, onlv the samples that

;llu;ffi "ffi;*-gli.:U*litgf 
?t',",?J:l,F+3#mfJ;;ffi fJ"I"i*,i3;

ffiil-'dH'1tnfikffimtf 
ffi *:,'I?"ffi '{it?xJiir#xi;#t'#'l'}tx}i

In the PT survey, it was not recorded wh.''her automobile used for commuting..was the

il.ii-r"ti"r. us6a 
-fb. fr"^i;il;;;g businiss trips. Therefore, the followins studies were

basedontheownership"#ilH;;ffi "[ft;#;;;i;il;Aoi"br"panvtwnetrautomobiles'Combined the selection of commuting tr*tpJttution mod"s, tlie ag.gfegation results o-f

i.iiiii6ii of tr"mport"tioi^*oit"Jusefi fg. S: followine business *Xrrff""F1"ff#t3rit
i"jUi"^i:rl ei*l.'g ih";;';il;mmui"a *iq' automobiles. less thar

transDorratron mooes 
"',il""r'ti,in;r6fr;6il.tToi 

Uutin-"iitrips. That i.s, more than 90% of
ttii'Jrfi^i|itffi;6ilJil, tfr;'f.;16;fi;b-Gfi"'-tib; Biied on thb ownershio of the

automobiles used, auo"ut ibf" oi tr,i .*:."dili;g ;'fin$ *; qt automobiles of the

:H"o";.'ffi '$ittdt'fl '"r".#"s:i'"rx,';**'yi'a"'tiffi rlx[F.iig!i{ir{,i:,.1;
;i"d;Jd;i.ffi;;;ilia'*ilii p"Utic-transportation systems used public transportatton tor

business triPs.

The relationship between the number of trips using automobiles and ratio of car

commuting *", "*r*,nii. 
ffrit"tiltt 

"t" 
iiro"ni in figrie 3-8. It was found that there was

a hisher hend to "o*#,it.'*iit'"":t"r*iit.i 
;-fi th"" person made more business trips

duriilg a day.

In this section, the relationship between.activities after commuting and the selection of

commutins t"*rportu'tion';;[";-i; 
-a,riityiea. 

ftre data sugggsteil^ that those who use

il["#6ii3' ?;'6fiffiH'i'i;;;;";;; fil"iv to commute iflth aulomobiles' It was also

observed that the perso; irfioiiiik;f i"'ilffint" with automobiles when he/she made

more business triPs.

Table3.l.RelationshipbetweentheCommutinglr4odalChoiceand
the Modal Choice of Business I rlps atter uommutlng

Section 3.2 discussed the behaviours of Type I commuJers, who.go to and come from their
-^-.r^- ^sc^o zriraatr- -il-i"riit- rn this' secti-on. the 6ehavi6urs of Type II and IIIi"";iffi ;rr';-Jfi;Ai;. i" 

^ 
qlgLt 

^Si ^ 
:**:;S:, viEurs of Type II.*p .III

::ffid#T""#,"""ri'#al^nEffi'rfr,"-ir-'oii--'iii" *" lP::^Y}3,'ry:***:or$llt:
i:ffiTfi'"#r',f,!fl lJ"i"l3ryfiL,ii,t"rxp-""dr-.ii,ffi,t"* r:"*95 **X:I",qi +'*""'l

;3ffi #l[?$l;{g3**iffi'.=,m1']'i."rr*H'.rui.T3:i,Y*s#:'1"ifi 
tffi"lil

Type III commuters.

Traffic of Using in Business

Trafhc means In Commuting Transit
Car

Taxi TotalSame
Belonsins

Different
Belonging

Personal
Vehicles

No. of Samples
33

6.4%
321

62.2o/o

160

31.0o/o

2
0.4o/o

516
I

No. of Total TriPs
4l

4.5o/o

593
655%

270
29.80/o

2
0.20/o

906
I

-No. 

ofAverage Trips t.242 1.84'7 1.688 1.000 .7

Transit

No. of Samples
'128

53.3o/o

563
41.2o/o

75
5.50/o

t366
100.0%

No. of Total TriPs
950

47.00/o

975
48.2o/o

96
4.Eoh

2021

No of Average TriPs 1.305 1.732 1.280 1.480

3.3 Commuting Behaviours of Type II and III Commuters

commuters
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Figure 3-9. Shares of the Occupations among the Three Types of Commuters

- 60 0.h
35 50 0./.

E 40 o.z
4 lo o.t

| 20 ov.

E! | o.o%

i oov.

a

Figure 3-8. Relationship of the Number of Business Trips by Automobiles and the
Automobile Probability in Commuting Mode Choice

Figure 3-9 shows.the differences of the share of occupations among Type I, II and III
coimuters.It can be said that the share of the occupatioirs is quite differehi if the types of
the commuters are different. It reveals that in sales iirdustrv. thtire is a sreater oercentise of
Typq III commuter-s. In contrast, for those who involved ii the technical and professlonal
fields, the share of Type II commuters is larse. Also for the samples in the iranasement
field, the share of the bbth Type II and Type III commuters are large. On the other hind, for
those who in the technical,-transportatibir, communication and Idministrative fields,'the
shares of the Type I commuters is iluite large.

N-ext, the number of the trips of Type II commuters make before getting to their regular
office is gggreg4te.d (Figure-3-10). Fiq, this figure, about 60% of ihe tipe II commiters
went to the workplaces other than their regular office only once. Then, vihat kinds of trips
may happen for Type II commuters beforigoing to their'regular offic6 is analysed. FieLie
3-l I sh-ows the rdsiults of the aggregation.-Thtfigure shois that the business meetings,
discussions, account receivable bollections and seEing doctors consist of 40o/o of overlli
purposes.

10.v/.

.a ev^
i_ soet
? +oot,
o l0 6/c

?, Nv^
I ro.on

o.aa
I rrp 2 rrpr 3 rtpl 4 rips ard .bovc

Figure 3-10. The Numbers of Business trips of the Type II commuters before arriving their
regular office

The characteristics of Type III commuters are also analysed in a same manner as is the case
of Type II commuters. Figure 3-12 and 3-13 show the-aggregation of the numbers of trips
that Type III commuters made after leaving their regular offrces and before coming homt.
and th6 share of trip purposes, respectivlly. Frofr Figure 3-12, most of the fvpe IIi
commuters go only one workplace before going home. The percentages of the conunuters
who made only one trip before going home are much higher than the percentage of the

Iournal ofthe Eastern Asia Society tbr Tlansportation Sludies, Vol.3, No.5, September, 1999
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commuters who made only one trip before corffnuting to their regular office. By looking at
Fieure 3-13, the purposes-of the trips made by Tlpe III commuters before going home are
mdstly business meetings and selling/delivery.

It
_-"lr-__ -f r."

I 0.rt

r.rritrr.dGrivcry..rc t:.,:::::,r":':::' rGP.i.ir!.oD...rioni oricr.

Figure 3-l l. Purpose of Trip to Practice Job Duties before Arriving the Office

2 trips 3 trips 4 triDs End

abovc

Figure 3-12. Numbers of Business Trips of the Type III Commuters before Going Home

45.0t
a0.0t

.! 35 or

.E 30.or
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I , o.ot
t r o.or

5.01
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80.0%

- 10.00/"

f; or.or"
'E 5O.O%

6 4o.o%

t 30.0%

f; zo.ou"
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I trip

{5. 0t
-400ta
: 35.0t
.! ro. or
; 2s. or
5 ,0. ot
t 15. or
.9 ro. ot
E 5.01

0.0l
suin6.tderiverr.i,,:",J,Ti;1:,,J1:. Iil?lllli: orhers

Figure 3-13. Purpose of Trips before Arriving at the Regular Office

From the analyses in this section, it can be said that the behaviours of Type-II and III
commuters arei ouite different from the automobile commuters who go directly to their
offrces and so home directlv from their offices. It is also found that going the workplaces
other than tfieir regular offiies, or going.home directly from such workplaces may be one
of the strong reasons to use the automobtles.

4. COMMUTING MODAL CHOICE MODEL

ln the previous chapter, the commuting behaviours in terms of aggregate-d level are
analvsed. Manv factois that may affect on the modal choice of commuting are found by the
assr'esation arialvses. Howevei. it is very diffrcult to observe how much one factor may
affecion the mode choice comparing with other factors in detail only by the aggregation
a.ralvses. In this chaDter. based'on tf,e analysis of the previous chapter' the modal choice
model of commutinb is modelled. The lo-git model (Ben-Akiva.and lr.rynul.l, l-9_p5.) is
aoolied to exnlain thd modal choice behaviolus, and the estimation is made by the PT data.
t'hli aim of ttis chapter is to quantifu and compare with the effect of the factors discussed
in the previous chapter.

4.1 The Samples and Explanatory Variables

In chaoter 3. the reasons why commuters decide to select automobiles are discussed. The
reasoni that inay effect on th6 commuting modal choices are as follows:
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l. Going to work early in the moming,
Samples whose departure time of their home is before 5:48AM, or whose arrival
time'at their ofiice is before 7:l8AM

2. Coming home late at midnight,
Sqnlples whose latest job ends after 9:00PM or samples coming home after
l0:00PM.

3. Commuters practising job duties before going to their regular office,
t. Commuters go home 4irectly after practising job duties outside the regular office,5. Living in the area with poor public transportation systems,
6. Cars ile necessary duriirg offrce hours. '

Among the above reasons, reasons from I to 4 are applied as dummy (0 or l) variables. To
explaii the reason 5. the-differences of the travel'tihes bet'ween 6uiomobile commutins
anil public transport commuting are applied. The travel time of each mode is calculated bi
calculating the averages of the samples that has same mode and same OD pair. Also, for
reason 6, the number of business trips by automobiles in the offrce hours-is applied. In
addition to these reasons, the occupations and industrial categorisation ofthe sairiples are
applied as explanatory variables, tolether with the distance oflommuting.

Since the time difference of taking transportation vehicles is applied as one of the
explanatory variables, the OD selected 'should contain at leaif one sample from
"automobiles" and "public transport", respectively. From this concept, 4,619 sdmples of
automobile commuteis and 14,270 of public transpbrt commuters are s'ampied.

The. paramelgls are estimated with the help of the Logistic Procedure of SAS (SAS
Institute, 1990).

4.2The Analysis of the Estimation Result

Table 4-l shows the estimation result of commutine modal choice. Table 4-2 oresents the
average values of the explanatory variables by diffeient types of transportation modes. The
positiie sign "+" of the |aramet6rs enhance ihe possibilitf to using pilblic transoort, in the
heanwhile, "-" of the paiameters enhance the poisibility t6 select iutomobiles as'a mode to
commute.

From the estimation results. the followins findinss are sot:o Commuting distance'is one of maj6r factori in selecting transportation vehicles,o Because thi commuting time differences are the time- spenf by cars minus that bv
public transport, the sigf of the parameter meets the intuiiion. Ttis result leads to tht:
conclusion that the chance to select the public transport can be highly increased by
improving their services,o ln comp?flson of every commuting puq)oses, *commuters going to work early in the
moming" (parameter = -1.78, I = 22.303) and "Type II commuters" (parameter : -
I .213, t: 8.91 6) have greater tendency toward commuting by automobiles,. The estimated iarameler of the numbers of business trips-bv automobil'es imolies
that the trips with or without iob duties have a huee inflfenc6 upon the selecti<in of
transportation means for conimuting. Furthermord, significant differences between
the average valugs. o{t!g commuters by automobile anil those by public transport are
observed (see Table 4-2).o On the aspect of commuters' occupations, it is found that:
l. Those who belong to clerica-l occupations often stay in the offrce (parameter

=0.914). They tenil not to use autom6biles for commuiing.
2. Those'who- are engineers (parameter =-0.7968). -manasins occuoation

(parameter =-0.3264) Ind in traisportation/communiiation inifus[y (pardmeter
:-0.5700) have greater tendencies to use automobiles as a commutirig ilode.

From the likelihood ratio (0.201) and hit ratio (0.793), this model has enough accuracy.
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Table 4-l The Estimation Result of the Model

Type of
Commuting

Occupation
-6.390

16.41 5
*

-6.078

4.3 The Sensitivity Analysis of the commuting Modal choice Model

In this section, by supposing an average individual, the influence of the g.hange of each

J."i"r"io* 
"iriiUte 

b1n 1-tif modal cfr'oice probability is investigated. There set some

ti,'tlii.6J'"'U""t ifii-it *i 
"liang"s 

of the comriruters suih as the deciease of the commuters

;;ffi;;";;kga1ly i" th. *g;ri"g. ftre aim of this study is to find the decrease of which

Eoffiut"ts can be iegarded as the most effective schemes'

Firstlv. the scenarios are what will happen for decreasinglhe p-er-centages of commuters

sfl :s,liy:;Ir",*n-"Hmmft l6rriI::HTF,i,SSJffi ',"l'"?3iffi ]'f; :'.*',fi H""lrl
;d## i;; rd 

-d"-b"6i 
t ity o f ctroo si n g. auto mobi I e s.. From thi s flr gyre, 

i I S: f :ryrJ$:,:
ofthe commuters loing to work early in the morning decrease, the automoblle Oemano wlll
be reduced greatly.

The discussion arouses that it is not a large problem to c-o-mmute by automobiles early in
th. ;ffi;il 6eiise thJ;"ad congestion"is hot serious- However,.by the.complementary
analvsis. it is found that commuters going to work early in the momtng go home ourlng tne

everiing'peak hours. Therefore, to implement some schemes that Tal-,P_fyfl ._TPfl

"orm,iti,ie 
by automobiles eariy in th'e moming will be efficient to relax the trattlc

;i#riiln* in'ttr"*Lriniri- p"ut lro*t. Because tf,e samples of the commuters going to
;;It #il iii'tf,i-*",iiiiie'U'y "* *ir" zol persons and abbut l5%.of.the. whole samples of
;;;fi.;ir b;;. A;;a rini, tt i Co*mirters going to work early in the moming by car

-5.763

*

7.037

2.363
4.773

variable which was rejected in 5% sigrificant level

Likelihood-ration Index: 0.20 I ; Hit-ratio: 0.793

Value of
Parameters

Altemative Specific Dummy Variable

Dista:nce of Commuting (krn)

of Using Time in Commuting (min')

Dummy Variable
Dummy Variable

Dummy Variable

Dummy Variable

Continuous Variable

to work early in the moming

ing home late in midnight
practice job duties before going

duties outside the regular offrce
No. of Business Trips by Car in Office Hours

Dummy Variable

Dummy Variable
Dummy Variable
Dummy Variable

Dummy Variable
Dummy Variable

Communication Industry

icaV Professional OccuPation

Dummy Variable
Dummy Variable
Dummy Variable
Dummy Variable
Dummy Variable
Dummy Variable
Dummy Variable

Dummy Variable

Manufactory IndustrY

Wholesale Business

Retail Business

Finance, Insurance Industry/ realtor
'ransportation/ Communication Industry

ity, Gas, Water Supply Industry
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Transit:

Explanatory Variables
Kind ofExplanatory

Variables
t-Value

Continuous Variable

Continuous Variable

0.26:

0.07t

0.01i

6.268

30. I 63

I 1.984

-1.78(
I

-1.213

-0.25t

-0.551

-8.9 r 6

-2.637

-0.57C

0.914
a

-o.f2(

-0.79'.1

lndustry

-0.37t
{

{

I

0.57',

i

0.29'.,

0.441

*The
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decreasing. once,_it thinks tha! the huge effect of the traffic relaxation comes out. Lookins
at the results of I ype lI and III commuters, it can be said that change of the percentases oT
them do not have much -effects on the change of automobile choide probabjlities. flris is
because the percentage of the samples that mEets those conditions is fe,lw.

Table 4-2 Details of the Explanatory Variables

Nme of Variables Parameter

Corresponding

Person in the

Commutcls by Car

Conesponding

Person in thc

Commuters by

Trmsit

Avc. of
Commuters

by Cu

Ave. of
Commutcrs

by Transit

Total
Whole

Avcrage

Vriable 0.26. 4619 t427( 1.000c 1.0000 I 888! 1.0000
Commuting Euly in

1.78( 70. 3t2 0.t522 0.02 l9 t0lI 0.0537

No. of Business Trips

Car in Office Hours
-0.558 t47 t 1052 0.3181 0.073i 2s23 0.1335

Commuters Practicc .

Duties before Going
theoffic.

-1.2t t43 t4( 0.031[ 0.0102 289 0.0153

Commute6 Go H

Directly after Practi

Job Duties Outside

Regular Officc

-0.25t 274 478 0.0593 0.0331 752 0.0398

-0.79"1 58? 553 0.1271 0.0388 I l4( 0.0604
Tmsponatior/

-0.57( 376 39C 0.08 l4 0.0278 772 0.0409

Businesslike Occupation 0.91r 52t 4808 0. I 145 0.3369 533i 0.2825

-0.32( 82t 205 l 0.177 0.t431 2872 0.1520
Construction -0.378 544 l0l( 0.1178 0.07t2 1560 0.0t26

0.t067
Financey' Insurance

lndustry/ realtor
0.57'l 22t 1794 0.0478 0.125' 20t:

Elecricity, Gas, Water
0.29 l0l 39r 0.02tt 0.0274 492 0.0260

Official 0.448 l6r l 030 0.0349 0.0722 I l9l 0.063 l

Distmc€ of Commuting 0.07.r ll 17.8 t6.2t59

Differcne of L

Time in Commuting
0.01 -6.4 I -0.61l7

-I 
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Figure 4-l thange of the Commuting Modal Choice by the Decrease of the Corresponding
Persons

Secondly, what happgnlif the number of business trips by automobiles durine offrce hours
decreases, is analysed.^The result is shown in Figure 4-2. The indeiib.b2; iEpiii-entlt[ii
the average number of business trips decreases Es much as 0.02. F.om thd fiL;;;-if ti;
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0.10 of the average business trips decreased, about the decrease of 4.50Yo of the commuting
by automobiles is exPected.

Thc Cr. TrlfIic RGducing Ratc

o 19 00%

t ra soN
tr rseo96
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!. ntov.
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I 17.t0%

! rz.eor
F rt.to*
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Fisure 4-2. Chanee of the Automobile Choice Probability by the Decrease of the
" Autoriobile Business Trips During Office Hours

Thirdlv. to see the effect of improvement of the service levels of the public transportation,

tt J-t aiu'et time by the public transport isassumed to decrease from 2 to l0 minutes. ln thts

"ii". 
tnii i-proi"*erit of tt i iodti traffic congestion by the decreas! of the automobile

;;i";dil-Ielmand iJnistected- The calculatio-n results iue shown in Figure 4-3. From.the

fi""r;. if ffitime spentin tatcing public transportation is shortenedby l0 minutes,.then
iirffi iritt Ue LtX of samples cho-osing to take fublic transportatio^n. Note that the analyses

are made bv the average value, so saving l0 minutes needs a lot of works on lmprovlng me

infrastrucnire of publid transportation as-a whole.
riri o "i.t rcmi. +m - mi J*ru rcmr. l

M 2Xd rx* 6Md tMtu
h h Lec k

Fisure 4-3 Change of the Commuting Mode Choice Probability by the Decrease of the
" Traue-l Time of the Public Transportation

5. FEASIBILITY OF TDM SCHEMES IN OSAKA METROPOLITAN AREAS

Based on the discussions at the previous chapters, the feasibility of the individual TDM
schemes is discussed here.

5.1 Feasibility of Road Pricing Schemes

Road Pricine is a strategv to control traffic capacity by collecting tolls on specific roads'

The revenue-s bv the tolls could be used to improve public transportatlon, to construct

f"iitiii* i"i p#t -a Riae to build the annular ioads that have beE:n discussed .for yegs.

ifi;;;ii;;noia Fricing" is not only a stralegy to so.lvelhe.problems caused Uy" u{t,t!
congestion, but also a frnical resource to improve the lacllltles urnd servlces or puDllc

transportatlon systems.

As presented in Chapter 3, there is a higher rate to commute with cars in circular direction
;;,ffi"-iii;-;ity ;fitr". 'ft ii oUre"Iution suggests. insfficiency of circular 

-Pr-bli?
transportation systems (see Figure 3-5). It can also be said that a large. Proportl9n oI
i"-ririiiii.au6ts to rha CBD-areas. How would it affect the traffic conditions in Osaka

M;;;;iit", Ai"i if ;Cordon Pricing' such as the Toll Ring system in Bergen, Norway
(Ohta-' 1989) is implemented. The cbrdon lines will be set up to surround the central
hi-.'tiltr. C6itlq,il;iiiy:6tta wltt Ue collected from the vehicles-going through.the cordon

lines. It is expected that this enforcement would reduce commuting automoblles towards
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the centre of the ciff as well as to create financial resources for oublic tansportation
improvement. For eximple, the funds could be used to build a loop for train, whiih would
relief the traffic congestion outbound to the city centre. However, in this case, the people
who oav the tolls do not alwavs eet the revenues bv the construction of the rins bub-lic
transfiort. It needs to be carefully Evaluated the trans'portation network for the triftbward
the city centre and the trips in thd circular direction.

5.2 Feasibility of the Other TDM Schemes

Park and fude could be a valuable strategy for the newly established stations around Osaka
Metropolitan Area. The drawback of this strategy is that it requires constructions of roads
approiching to the stations and parking lots neliby the stations. Altematively, carpooling
cbirta be a iseful strategy in Osaka and-surrounding satellite cities.

This chapter discussed the possibilities of the implementation of some TDM schemes. It
would require a great understanding and support for the public to overcome the difficulties
of implementation.

6. CONCLUSION

Using the samples collected in the third Person Trip Survey in Keihanshin District, the
possibilities of tOVt implementation in Osaka Metropolitari Area are discussed. Fiistly,
the TDM schemes up to ilate are reviewed. Secondly, cbmmuters' mode choice behaviouii
are analysed aggregately. The samples analysed in ihese studies were divided into several
segments, and the differences among these segments were carefully examined. Meanwhile,
a model on modal choice was constructed based on the results ofihe studies. All possible
variables involved in the model were comDared. Based on the PT data and the dnalvsed
results, the implementation of TDM systemS were explored in the end of these studies. '

The future works are listed as below:
o Above studies were only .focused on the automobile commuters. ln fact, the traffic

congestion related to public transportation.is also a severe problem. The-capacity of
Dubllc transDortatlon neecls to be lnvestlsated.. In order to 'evaluate the feasibility of tli'e various TDM schemes, the simulation model
that explains the traffic conditions of the entire city is needed. The model proposed in
this paper could be used as a sub-model of such simrilation model.
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