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Railway congestion such as seen in the metropolitan area of Tokyo has been a issue
to be solved for long. But in spite of the efforts taken so far to increase the traffic

capacity of them, the amelioration of railway congestion is still firmly required, and

blishing of rational and quantitative evaluation of economic benefits acquired from
the projects is more requested to certify their effectiveness and to acquire common
inderstanding upon them. This paper proposes the fundamental theory about the

relationship between time consumption and congestion and presents the methods to
measure congestion cost and adapted results in some railways. Following these theoretical

nalysis, the annual economic loss of congestion in commuter railways in Tokyo
metropolitan districts is evaluated, and the effectiveness of the recent five multitracking
projects comparting to construction cost of improvement is discussed
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1. Preface

The transport congestion both in railways and in road traffic is one of the most important
urban problem in all over the developed or developing countries. Especially railway congestion
such as seen in the metropolitant area of Tokyo can hardly be observed in any other cities. But
statistically speaking, growth of transport volume is almost 40% in recent twenty years, and the
transport capacity has been expanded about two times in this period by multi-tracking or other
improvement in every lines. That indicates average load factor (volume/capacity rate; Notice
“capacity” includes not only seats but also designed number of standing passengers.) must have

b 1) But unfortunately it is also true for commuters

eally ameliorated.” (Table 1 and

in Tokyo tha veler’s virtual damage from transport congestion is not being felt so much
that traveler’s g

improved. That is because (1) commuting time has been elongated by sprawling out of urban
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Table 1. The Value of Load Factor on Peak Time in Typical Commuter Railway in Tokyo (1986

Line Section

IR Keihin-Tohoku Line | Ueno—Okachimachi
Chuo Line (Rapid) Shinjuku—>Yotsuya
Sobu Line (Rapid) Shin-Koiva—Kinshicho
Joban Line (Rapid) | Hatsudo—Kita-Senju

Joban Line (Local) | Kameari—Ayase
Subway Ginza Line Akasakanitsuke—Toranoson
Chiyoda Line Machiya—Nishi-Nippori
Seibu Ikebukuro Line Shiinamachi—TIkebukuro
Odakyu Odawara Line Setagayadaita—>Shimokitazawa
Tokyu Shin-tamagawa Tkejiriohashi—Shibuya
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Prefecential Behaviour Concerning Congestion and Time Consumption

ad traffic is directly connected to traveler’s time loss and

nd soci

I cost of congestion is easily evaluated, taking together
called cost approach or income approach. Congestion tax or

sptimization of total utility applying marginal cost concept

studies have been done about them.? But in case

reely occu - tion of train’s line-haul time
ransport de

As a result, the damage caused by congestion

me, but is latent in passengers as some physical

luate the congestion cost of

eferential behaviour upon combination of time consumption

ngs simple, though they generally take not only time
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te the set of alternatives rises up like curve FB (case
sacrifice of additional time consumption for each passengers

case on some intermediate station where arrive already

esult of their choice reaches a trivial solution, that is, point

only see the ordinary behaviour with the same time consumption

1l behaviour to ease congestion. Although even in this case,

Tine Consusption

ed as O'H irrespective of their real time consumption
ger’s choice behaviour in the former case I enable us to estimate

function concerning time consumption and congestion

Estimation of Disutility Function of Congestion
Load Factor

three different circumstances were observed and
Fig. 3. eferential Behaviour on Congestion and Time Consumption
Fig Preferential 2 P ions were estimated independently for each case with three different type of

consumption and congestion but also monetary cost or other many service condition

consideration. According to their combination taken, disutility which passenger suffer % chiiie
transportation alters from high to low. Indiscrimination curves like 1-1' in Fig. 3 indicates position from many cars in a train considering
group of combinations of time consumption and congestion level that offer same disu tation and the condition of congestion in every car.® This
level to passenger. These indiscrimination curves are determined by disutility function which ly and easily seen when exits of major stations are maldistributed
show the level of disutility to every combination of time consumption and congestion le eason. It can be considered that passengers choose their boading
Let the ride time from one station to another as 00'. When transport demand is in quite nimize ir transport disutility as far as walking ti
low level (case 0), the set of passenger’s alternatives, that s the gathering of feasible combination 0% 15 plationts 10t stitenons il cuk dens ot samsed dhcis
of congestion level and time consumption, is consisted of only one point 0'. because he h val to the entrance of station and the arrival of train. The
10 necessity to consume his time in vain and *‘congestion” is in the best condition. In proportion del was built to explain such a behaviour on the assumption that disutility
to increase of transport demand, congestion grows of course, but the set of alternatives also o

tion was proportion to ride time on train and that total disutility could be
enlarged like the curve AB (case I) in some cases. You can easily comprehend these alternatives s item added by the total time between their arrival to the entrance of their
when you image passenger’s preferential behaviour of his ride train from a rapid but crowded and the al to the exit of alighting station. Then the propabilities of every
train or a slow but not so crowded train, or from a train with less waiting time and much are described with use of logit model that was adopted considering the
crowded or a train with more waiting time but less crowded, or of his boading position from

a long (comparing to total time consumption) train. (Condition of congest

stics of passenger’s preference to congestion.*
ion and convenie: ations in Keio-Inokasira line in central Tokyo were selected for observation
on time consumption in each car varies in relation to the position of entrances and ex

ns were conforma I theoretical assumptions, and the time series
every station.) ion, the distribution of their walking speed, the distribution
Then, travelers are supposed to choose the optimum point C from the curve AB. w g position for every entrance of trains and congestion level of each car were measured
they can minimize their transport disutility. Therefore in this case one can observe some kind n several days in 1986. Then the disutility function of congestion was estimated as follows
of modified preferential behaviour with more time consumption (OD)

(OF) than point B. Resulted disutility level converted to equiy

and with less crowd

so that the calc distribution would fit best to the observed distribution

alent time consumption is OG
and congestion cost equivalent to time consumption deducted the common disutility

Conformity of this function is satisfactory as shown partly in Fig. 4
y on the

case 0 is expressed as O'G.
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ival to stations or their variation of walking speed and
umber of boading and ¢ gers from and
Tokyo subway network in each train of peak
1985, and OD pair volume were calculated and tun

f Tokyo. Follow is the estimated result of disutility

he coincidence of calculated and observed link flow

CAnSporEd oG hat are well operated wi
Fig. 5. Marunouchi Line’s Network Pattern | mut -ansportec well

according t pattern of stations where
Macroscopic approach to boading position choice R T Ao R e sl
Above mentioned micro: copic approach is precise, but much amount Hect sibi
observations are required for every station. To avoid this di pposed to decide his ride pattern on a given schedule of
network model was adopted. In this approach the problem of passenger’s fihg ransport disut me.
choice of boading position is converted as the problem of route choice on some netw ’ (o st t
shown in Fig. 5. Links on the network are consisted of access links (from e b i s s
every station 1o every position in train), ride links (between every r

cgress links (from every position in train to every exit), Link cost function of

links correspond to average walking time for cach fink. That of ride links
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Kth station

Network Pattern from the Schedule of Train Operation

=
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pting these disutility function of congestion cost, and

tis also possible to calculate them in monetary dimension by use of so-called
e g% Ot and Gl ; In this section there will be shown several results on these loss calculated
Observed Passengers

¢ function of Marunouchi line which is the most moderate in three functions
E ith the use of the recent time value of ¥2,000 for one hour saving (or loss)
For the adaptation of this model, Tobu-T 0jo line that runs in the north-wes

i r modal choice analysis on long distance passenger transport in
region of Tokyo was chosen and link flows, that is, number of passengers on tra
between every neighbouring stations were measured on peak fir

function that was assumed to be linear summation of the items of ride time including

ne in 1987, The

wait time and transfer was estimated, taking together with the data of OD traf -

stations. The following is the part of resulted link cost function h

congestion. Fig. 8 shows suitably fitted re

ual loss of congestion for 1 km of every railway line
at expresses dis

terms of ¥100 million, calculated by the data about the
lation between calculated flows
Fig. 9 shows the feature of these estim;

time. The resemblance of these th

observed fl

: 3 4 : ¢ of concentration and cruising speed of trains acquired
ated disutility functions of congestion for un tistics on urban transportation in 1985. Total amount of annual loss of
hree functions which were estimated independently by & " . aches about ¥60 milliard. Especially in several lines like
different model on different condition suggests their validity and transferability We c ask direks t amounts really over ¥900 million per 1km line annually
congestion cost for unit ride time is proportional to load factor with expo b i
example, congestion cost for 10 minute

ride on a train with th
equivalent to additional 3

1km by cumulative present value of 30 years
load factor of

W and is in easy compensation for multi-tracking construction
minute time consumption. ;

st economic standpoint. Precisely speaking, the grasped condition of congestion

>f case 1 and case II already shown in Fig. 3. According to

aid by passengers to avoid congestion should
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Fig. 10. Evaluated Annual Economic Loss by Railway Congestion for 1km Line
million/km).

be considered in calculation. But actually every situation is regarded as on the case I1 n g

these effects because of the limitation of such macroscopic statistics Of course these errors
are modified by the fact that the type of case I is rather not predominant case, and that in
the case of train choice these effects are involved in the data through average speed of trains

Consequently, as the calculation may be regarded as somewhat underestimation of the influence

of congestion taking such cases into account, the results must be more emphasized.

ffectiveness of Pprojects of improvement
Now that the plan of multi-tracking and elongation of train length in five railways in
Tokyo were just proposed in 1988, the social benefit acquired from these

from the figures presented by those railway companics Table 2 shows the result of that. It

projects were evaluated

has become clear that these projects are sufficiently or almost effective compared to their

construction cost, and that increase of train speed contributes to the reduction of congestion
loss as well as the effect of the amelioration of load factor does

5. Conclusions

(1) The fundamental theory which explains Passenger’s preferential behabiour

concerning time consumption and congestion was Proposed for the condition of comr
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(The whole
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railways where congestion is not directly converged to loss of time unlike road traffic conges
o PAlio i conconli oot e o G

(2) Toestimate the disutility function of congestion, three types of model and passenger’s
behaviour were proposed. After the measurement and adaptation of models on several railways
in Tokyo, it has clarified that these methods are applicable to actual behaviour of passengers
with reasonable validity.

(3) The disutility functions of congestion estimated by the models mostly resemble each
other. Roughly speaking, congestion cost for unit ride time is proportional to load factor with
exponent about 4. For example congestion cost on 200% load factor reaches about 30% of
ride time.

(4)  The whole economic loss of railway congestion in Tokyo was evaluated about ¥60
milliard annually by applying the estimated function. The value in some serious lines casily
exceed the construction cost of multi-tracking.

(5) The effectiveness of the projects of multi-tracking in some railway lines were also
evaluated from the stand point of economic benefit acquired from improvement of congestior
and their validity was proved
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Appendix

Load factor and the density of standing passengers in commter rail

level of crowd on tr:
by the density of passengers who stand on the floor
capacity

way
Fundamentally speaking, 4ins congestion should be better expressed
However, the value of load factor (volume
ratio) was taken in place of that in this paper accord; to Japanese practical habits

sport Congestion Cost in Commuter Railways and its Applications

e relationship between the density and load factor

Lord Factor and Density




