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position after entering. the vehicle. Examples of these two metheds of operatigy
are respactively the W-class (green) tram and the Z-class (orange) tram operatip
in Melbourne.

One-man-operation with fare collection by the driver gives rise to a wigs
range of boarding time rates, depending upon the details of the fare-collectig;

procedure and the nature of the fares charged. Two major options for fare coll: E?ger;sm

ection are to either accept exact fares only or else for the driver to be able t :imes.

give change to passengers. As will be seen tater, the former results in a fastep

boarding rate, whilst the latter is more conducive to good customer relations; ; ()

The degree of difference between these two options also depends on the nature of f -

the fares charged. For example, are they fiat fares, finely graduated fareg

according to distance travelled, zone fares, free transfers requiring no extr;

ticket purchase, or season tickets? [Each of these alternatives will have diffey.

ent boarding rates and hence different impacts on the route performance of the

service, One-man-operation with fares not collected by the driver means that

fares must be collected in some other fashion - unless of course the publi¢

transport service is free, at the point of usage, to users. One of the most

popular methods of automatic fare collection is the exact-change fare box, This

method has been in use in North American services for many years. A minor,

though important, aspect of this system is whether the fare is single-coin or

multiple-coin; single-coin fares give slightly faster boarding rates but are place t

becoming increasingly difficult in these days of high inflation, Watts ang precedi|

Naysmith (1980) note the need for a coin of value greater than 50p {in the and end

U.K.}. Other methods of payment include the use of pay-turnstiles on board the doors o

vehicle (although these are often seen as being an unreliable hinderance), ang yehicle

the use of credit card and magnetised ticket-readers. the vel
mVing

A complete alternative to the above methods is the "proof-of-payment® zone bo

system, in which there are no turnstiles or barriers to entry and no need for any narily

fare payment on boarding the vehicle. A1l that is required is that the user have day ‘(pe'

a valid ticket which must be produced if required. Ticket inspectors perforn or .1."1;1

random checks for fare evasion, and the penalty imposed must be such that the careie

expected cost of purchasing a ticket be no more than the expected cost {(including Cs

penaities} of not purchasing a ticket. Given this general approach to fare coll- (i1)

ection, the range of ticket-selling procedures is quite wide. Tickets may be

purchased from ticket-sellers at major stops, season tickets may be used, boogks

of ‘tickets could be bought from newsagents or other stores, tickets may be pur-

chased from ticket-selling machines (either at stops or on-hoard the vehicle},

tickets may be purchased from drivers (at a premium price), or users could simply assumint

efect to pay the penalty when caught without a ticket, 1In a proaf-of-payment the pos

system, with appropriate penalty charges and a systematic ticket inspection ficient

roster, this last method of payment would be quite legitimate and need no tonger and cons

be thought of as a crime of fare evasion. ()
iii

A major advantage of the proof-of-payment system is that it results in a

very quick boarding rate and hence a higher level-of-service to users, It also

allows considerable freedom in vehicle design because there is now no need for

all boarding passengers to file past the driver. Wide central doors ard articu-

tated vehicles become distinct possibilities. A disadvantage of proof-of-

payment systems is that operators can no Tonger obtain ridership statistics from boarding

ticket sales, and may therefore have to conduct special sample surveys to obtain and the

ridership details. time.
Processe

devices,




THE SECONDARY EFFECTS OF FARE-COLLECTION STRATEGIES

sthods of operation, BOARDING AND ALIGHTING RATE MODELS

inge) tram operating

n Given the wide variety of fare-collection strategies and associated
yehicle designs, it is not surprising that a number of different models have been
-propOSEd to predict service time at a stop as a function of the numbers of pass-
engers boarding and alighting from the vehicle at that stop. In summary, there
re four basic models which have been proposed for the prediction of service

mes.
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(i) The Sequential Model

P ¥y + eCA_i + BB.i (1)

service time at stop i

no. of alighting passengers at stop i
no. of boarding passengers at stop i
dead time

alighting time per passenger
boarding time per passenger

where:

—iy =

—,

It "ounoun

T
1
A
B
Y
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: This model is likely to be appropriate where boarding and alighting takes
‘place through the same door, and hence proceed sequentfally (alighting usually
‘preceding boarding). The dead time v accounts for the time lost at the beginning
and end of the stopping manoeuvre and is a function of the presence or absence of
doors on the vehicle, the nature of any door interlocking device fitted to the
‘vehicle {e.g. a transmission interlock which prevents doors being opened until
he vehicle is stopped; an acceleration dinterlock which prevents the vehicle
‘moving off until the doors are closed), and the Tayout of the stop (e.g. safety
:zone boarding Vs loading from the kerb). The coefficients = and 8 depend pri-
marily on the fare collection system employed, but may also vary with the time of
‘day (peak Vs off-peak), and with the type of passenger being served (e.g. elderly
or infirm), the current occupancy of the vehicle, and the amount of baggage
‘¢arried by passengers.
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‘(4i) The Interaction Model
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= This model is again applicable to a single door vehicle but instead of
suming complete independence between board and alighting events, it allows for
he possibility of interaction between the two streams of passengers. The coef-
icient § may be either positive or negative, accounting either for conflicting
d congestive effects or for overlapping boarding and alighting flows.

) The Simultaneous Model
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. This model 1is appropriate when the vehicle has separate doors for
ard1ng and alighting., In this case, both processes may occur simultaneously
d the service time will be determined by whichever process takes the Tongef
me. In this model, different dead times are allowed for boarding and alighting

Otgzses to account for the effect of different types of door interlocking
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VANDEBONA AND RICHARDSON
{iv) The Multi-rate Boarding Model

Tgi = {Y + 818, 0 <8, <x (4

¥ + ByX + Ba (Bi - x) X < By

Under some circumstances, in any of the first three models, the boardi,
time (TB') may best be explained by means of a multi-rate boarding process. 73
for the %irst x boarding passengers, boarding takes places at a rate of By secong
per  passenger., Above this number, extra passengers board at a slower ra
of 8, seconds per passenger. This situation may occur, Tor example, whg
boarding passengers must pay fares at a turnstile, or to a seated conductor si:
uated inside the vehicle, and where there is only enough queuing space for:
passengers within the vehicle. '

Some Empirical Observations

In all the above models, the parameters =, 8, y and § must be determine
by empirical observation. Surprisingly, for such a basic measure of publy
transport vehicle performance, there is 1ittle evidence of reported studies i
the transport literature. One major U.K. study (Cundill and Watts, 1973), o
major 4.5, study (Kraft and Bergen, 1974) and a number of smaller studies cop
prise the literature on the subject. Some limited information on the Melboury
tram system is also available {Fouvy, 1972; Fraser, 1980; Hawke and Yem, 1981)
Whilst the analysis reported later in this paper is not dependent on particula
values of boarding and alighting rates, it is informative at this stage to revig
the empirical values reported in the Titerature, for different vehicle design ap
fare-collection strategy configurations, to obtain an idea of the range of valug
likely to be met in practice. i

Cundill and Watts (1973) report on a major study of bus boarding an
alighting times carried out in various cities in the U.X. Their study covered
wide range of bus designs and fare-cellection strategies. They found that
linear sequential model was satisfactory for one-door buses whilst a simultanecd
model described two-door operation. They found little justification for using
non-linear or multi-rate model, although they did show that a multi-rate mode
could be constructed for some automatic-ticketing-machine vehicles. They foun
that the alighting rate was similar for all vehicles studied with values rangin
from 1 to 1.6 seconds. Boarding rates ranged from I to 2 seconds for two-man
operation, and from 2.3 to 5 seconds for one-man-operation,. Exact fare system
were at the lower end of this range whilst procedures requiring drivers to giv
change and provide information were at the upper end. The dead times ranged fro
1 to 7 seconds with the presence and type of interlocking device being the mai
contributing factor to long dead times.
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: Kraft and Bergen (1974) report on studies of U.S. bus Toading and un-
Toadjng rates. Their report supersedes some earlier gtudies by Kraft and
oardman (1969) and Boardman and Kraft ({1970). They studied ?oth-one-door and
two-daor operation and used stepwise regression analysis tg fit either sequen-
tial, interaction or simultaneous models to the data. Their results should be
interpreted with caution, however, because of two fea@ures' of their study.
Firstly, the data were collected such that “passenger service times were recorded
from the moment the doors opened until the last passenger alighted from or board-
ed the vehicle", This is in contrast to other studies which start timing frgm
“the moment the vehicle stops and continues until the vehicle moves off {or is

ready to move off). The data collection method therefore means that dead times
. will be underestimated, especially in view of Cundill and Watts (1973) comments
about door interlocking devices. In fact, many of Kraft and Bergen's {1974)
regression equations imply dead times of less than zero. The second problem is
that for several options, data were collected only over a limited range of board-
~ings and alightings, This therefore limits the usefulness of the equations in
‘other studies and gives a false impression of the meaning of each of the model
parameters.
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Irrespective of the above limitations, some of the overall conclusions of
kraft and Bergen (1974) are worth noting:

(i) Morning and evening peak period results are simitar,
but off-peak boarding and alighting rates are
greater than peak period rates.

(i1) Exact fare systems save between 1.4 and 2.6 seconds
per passenger in boarding operations (this compares
with a saving of 3 seconds given by Cundill and

Watts (1973)).

of bus boarding

(ii1) Alighting rates were fairly constant within the

range of 1.0 to 1.4 seconds.
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Jordan and Turnquist (1979) quote a dead time of 2.25 seconds and a
rding rate of 2.71 seconds per passenger from a sample of 92 stopping man-
etvres in  Chicago. Unfortunately, they do not describe the type of bus in
~service and hence not much can be made of these mean values. It is of interest
~howevar that thﬁ; state that the variance of the stopping times was constant (and
equal to 8 sec.c) for all boarding numbers greater than one {and up to twelve).
.This constrasts with the statement by Cundill and Watts (1973) that “the variance
0f 'stop time was found to increase with the number of persons handled". From a
single distribution of stop times for one passenger boarding a two-doorway one-
man-operation bus (Cundill and Watts, 1973) it is possible to calculate that the
oefficient of variation for a single boarding is approximately unity. The value

h_these meagre results on boarding time variability will be apparent later in
his paper.

. The only study in which alighting rates were found to be very different
rom 1.0 to 1.5 seconds was by Nelson (1976), in which he described the operation
f.a credit card fare collection system, In this system, fares were fixed accor-
9 to distance travelled. This required that a credit card be inserted into a
: ﬂ1d§t10n machine at the beginning and end of the trip. In this study, both
_bﬂﬂrd1ng and alighting rates were found to be approximately 4 seconds per

;3nger. This st d it i i ; .
"ﬁmcﬁ 3e£erm1nesst§eug aﬁgﬁﬁfgﬁm % ?%%%E%geia%g?t 't Ts the ticketing procedure
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The dependence on ticketing procedure is also clearly shown in boardiy
rates quoted by Grigg {1982). He gives boarding rates of 1.5 to 2.5 seconds fy
roving conductors and proof- of payment systems, 3.0 to 5.0 seconds for flat.fap

g

one-man-operation systems, and 3.5 to 8.0 seconds for graduated and zone fapscf - cudy a%
with one-man-operation. ws N
- rates. i
g and &l
Whilst the above studies serve to set some general guidelines for street allow mee
based public transport boarding and alighting rates, data relating specifican © that the
to the vehicles under consideration in this study would be useful, In discussiy . cundell ¢
Melbourne public transport services, Fouvy (1972) quotes a free-flow boarding guf - yariance
alighting rate of 1.5 to 2.0 seconds per passenger and a one-man-operation t10ka - remaining
selling rate of 3,75 seconds per passenger. More specific published data g _ relations
boarding and alighting rates for Melbourne trams is, however, not available. nypothesi
In an unpublished thesis project, Fraser (1980) provides information g C
boarding rates for Melbourne‘s Z-class tram and W-class tram. The Z-clag eYents ar
boarding rate is a multi-rate model (as first described by Cundill and Watgs time for
{1973)) of the form: ' boarder .
ships sht
= - . the actus
Ti 19 + 2.4 (Bi 10} {10 < B1 < 20) {5) fndepende
43 + 4.0 {Bi - 20) (20 < Bi < 40) working
alighting
i ] avi . ficient ¢
The W-class curve is non-linear but can be approximated by: best fiﬁ
= jven thi
T, = 2.5 + 0.85 A, + 0.85 B, (A + B < 10) (6) ghe coef!
general ¢

Whilst these two relationships provide starting points, they can not B
accepted completely because no details were provided as to how they were derivé
and no indication was given of the variability of service time at each point o
the curve, Also, for the Z-class, no information was provided on alightin
rates, Therefore, a more comprehensive study was undertaken to measure boardin
and alighting rates on Z-class trams. This study {Hawke and Yem, 1981} examine
boarding and alighting rates for Z-class trams on the East Burwood tram route i
the morning peak period. Data was obtained for 125 bearding events within th
range of 1 to 9 boarders, and 124 alighting events within the range of 1 to 2
alighters, A simultaneous model was fitted to the data to yield: '

To. M | %3+ LOA (0 < A < 26)
i 4.5 + 1.4 {0 < By < 9)

The boarding rate model agrees almost perfectly with that given by Frase
{1981}, whilst the alighting rate of 1.0 seconds per passenger falls within the}
range given by most other studies (i.e. 1.0 <« < 1.5).
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irly shown in boardin
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_ In addition to the mean values of the rates given in equation (7), this
duated and zone fare

‘sgudy also allowed 1investigation of the variance in boarding and alighting
rates. The variances in boarding and alighting rates for boarding numbers up to
5 and alighting numbers up to 6 (beyond which sample sizes were too small to
allow meaningful calculation of the variance) are shown in Figure 1. It appears
ihat the data collected in this study would tend to reinforce the finding of
cundell and Watts (1973} rather than that of Jordan and Turnquist (1979) i.e.
yariance increases with increasing numbers of boarders or alighters rather than
‘remaining constant. To infer any more from Figure 1 about the form of a definite
elationship would, however, be difficult without a specific behavioural
pothesis,
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. Consider, then, the proposition that successive boarding or alighting

ents are independent of each other. In this case, the variance of the boarding
time for n boarders is equal to n times the variance in the boarding time for one
poarder. If the variance in dead time is assumed to be zero, then the relation-
ships shown in Figure 1 should be represented by straight lines passing through

rovides information g
5 tram. The Z-clas
by Cundill and Watt

) the origin. Least-squares estimates of these lines are overlaid in Figure 1 on
) (5) the actual data points. Whilst being far from a perfect fit, the assumption of

dependence between successive boardings or alightings does provide a useful
) working relationship in an attempt to describe the variability of boarding and

ighting times. A1l that is needed to quantify this relationship is the coef-
ficient of variation for single boarding and alighting events. From the 1ines of
st fit shown in Figure.1, the coefficient of variation for a single boarding,
ven that the average boarding rate is 1,4 seconds per passenger, 0.8, whilst
the coefficient of variation for a single alighting is 0.75. These values are in
general agreement with the value of 1.0 derived from Cundill and Watts (1973).
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This review of boarding and alighting rate models, supplemented by g,
empirical observations, has served to provide some backgreund to the analyg
carried out in the remamder of this paper. In particular, it has given a fg
ing for the range of boarding and alighting rates likely to be encountereg
practice, fogether with some possible values of the coefficients of variatig
Obviously, more empirical observations are needed to fully quantify the boardj
and alighting rate models for Australian conditions. 1In particular, the vars
tion in boarding and alighting rates is a topic where very little is known.
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The TRAMS (Transit Route Animation and Modelling by Simutation} packqe, the int
is a vehicle-by-vehicle simulation model which simulates the movement of indjy. arrivals
idual trams as they traverse a user-specified route. The model structure stochast
characteristics have been described previosuly (Vandebona and Richardson, 198 pounds &
1982a; 1982b} and will not be described in detail 1in this paper. Brief added t«<
though, the model accepts inputs describing the route, the vehicTes, the extern vious tr
environment, and the passenger demand pattern over time and space. The mod
then simulates tram movements on the route for a specified time period, and th Alightin
outputs a wide array of route performance measures. -

The simulation model operates by reference to a series of submodels whi ular St¢
generate stochastic outputs for further use in the model. The major submode] passenge
handle the generation of: it appro

alightin
(i} Departure time from terminus alightin
{ii) Vehicle characteristics subseque
(i1} Link travel time of aligt
(iv) Passenger arrivals at tram stops Tognorma
(v) Alighting passengers from trams reasonab
(v1) Tram stop service times alightin
(vii) Traffic signal phasing and timing
(V111) Right turning traffic arrivals and departures. Tram Sto

The details of many of these submodels have been described previously, 1In thi

paper, reference will only be made to three of these submodels: passenge +uall

arrivals, alighting passengers, and tram stop service times. gc ually
ram wil

Passenger Arrivals Submodel $3?$rs ?
it is bl

The generation of passenger arrivals at tram stops is based on two user
specified inputs; the distribution of passenger boardings along the route and th
distribution of total passenger boardings over the period of the simulation needed 1
This two-dimensicnal passenger boardings matrix may be either a refiection o alighter
long-term average passenger boarding values or else it may be an estimate 0 determin:
anticipated passenger boardings. some pas

the trar

Determination of the number of passengers at the stop when the tra waiting.
arrives is performed as follows. The expected arrival time of the tram i is used -

firstly calculated as the time when it would actually stop at the tram stop, i
it in fact does stop. MNote that the tram stop is not a point, but is actually
zone with a default length equal to that of two trams. This is to allow for th
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et that at tram stops immediately upstream of traffic signals, the tram may be
evented from reaching 1its designated stopping point by a queue of motor
yehicles waiting at the signals. In such a case, it is assumed that Toading and

1pading will take place immediately if the tram stops within two tram lengths
£ the designated stop, i.e. passengers will walk to the tram rather than wait
for it to come to them,

i, supplemented by soy
jround to the analysy
, it has given a feey
y to be encountered‘i
‘ficients of variaties
/ quantify the boardij
particular, the variz
Tittle is known,

Given the arrival time at the stop, the expected number of passenger
arrivals in the period between the depature of the previous tram and the arrival
: the current tram is calculated by multiplying the average passenger arrival
_ te at this stop and time of day (as given by the passenger boardings matrix} by
by Simulation) packag '5the inter-tram period. A lognormal generator with the expected number of
the movement of indi rivals as the mean and a prespecified coefficient of variation then generates a
he model structure.an stochastic number of passenger arrivals, which is then checked for reasonable
and Richardson, 198(:§  pounds and rounded off stochastica111. This number of passenger arrivals is then
this paper. Brieﬂj sdded to the nunber of passengers {if any} who were left waiting when the pre-
vehicles, the externy yious tram departed to obtain the number waiting when the current tram arrives.

and space. The mode
1 time period, and thy

tl
B

Atighting Passengers Submodel

The generation of passengers who wish to alight from a tram at a partic-
wiar stop takes account of the overall distributions of boarding and alighting
passengers along the route and the number of passengers currently in the tram as
approaches a stop. As a tram approaches a stop, the probability of passengers
ighting at the next stop is known from a consideration of the total numbers
1ighting at this and subsequent stops and the numbers yet to board at this and
subsequent stops. Given the current occupancy of the tram, the expected number
of alighting passengers can be calculated., This number is then fed through a
lognormal generator with prespecified coefficient of variation, checked for
reasonable bounds and rounded off stochastically to produce the number of
Tighting passengers at the next stop.

iries of submodels whi
. The major submode]

5. Tram Stop Service Time Submodel

xd 2;E:;%US1Y- In thi : The first task which this submodel performs is to check whether the tram
suomodels: - passen actually does stop at the tram stop. If there is an alighting passenger then the
S. tram will always stop. 1If there are no alighting passengers but there are pass-

gers wanting to board, then the tram will stop provided that the tram is not
11, Otherwise the tram will proceed through the stop without stopping, unless
it is bTocked by a previous tram which is waiting at the stop.

s 15 based on two use
along the route and i
iod of the simulatio
either a reflection
may be an estimate

- Assuming that the tram will stop, the submodel then calculates the time
needed to service boarding and alighting passengers, Although the number of
alighters can be determined before the tram stops, it is not possible te exactly
determine the total number of boarders until the tram Teaves the stop because
some passengers {the so-called "runmners") will not arrive at the stop until after
th§ tram has stopped and is engaged 1in loading passengers who are already
Waiting, In this study reported in this paper, a simultaneous service time model
1s:used to reflect the use of two-door trams on the route,

he stop when the
1 time of the tram
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his is to allow for
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The final determinant of tram stop service times is the capacity of ¢y
tram itself, Obviously when the tram is full, no further passengers can boapg
The definition of “full®, however, is somewhat subjective. Rather than apply:
rigid definition of vehicle capacity, the boarding submodel compares the numbg
of passengers waiting to board with the number of spaces left on the tram.
the number of boarders does not exceed the number of spaces by more than fiy
then all boarders will be allowed to board. This avoids the situation where onj
one or two people are left standing at the stop and is a reasonable approximatiy
to the discretion shown by drivers and conductors, If, however, the differepg
is greater than five, then the tram will only accept boarders up to its offici;
capacity before leaving the stop. This situation is more characteristic of heay
peak-hour loading situations. The capacity restraint affects the tram sfg
service time, however, only when boardings are the critical element 1in tj
service time process. i
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THE SIMULATION STUDY

The objective of the study was to examine the effect of different fay simulation Re
collection strategies on the tram performance along a route, _ —_—
collection strategies are reflected quantitatively in terms of different boardin
rate parameters. It is assumed that no other factors (such as alighting rate
and dead times) are affected by the changes in fare collection strategies. Th
changes are tested with reference to a specific route structure as describe
below.

The r
route product

Route

To the
marily in ter
this travel t
matntain a sp
obtained by ¢
savings exper
maintain a sp

Simulation Inputs

Rather than test the effect of fare collection strategies on a completél
hypothetical route, the study reported herein was based on Melbourne an
Metropolitan Tramways Board Route No.75 which runs between East Burwood and th
City. The route is approximately 18km in Tength, contains 73 regular stops anff
passes through 32 signalised intersections. Whilst the route used in this stud
is not identical in all respects to the East Burwood route, the use of the rout
as a basis ensures that there are realistic assumptions about stop spacing aa
the placement of tram stops relative to signalised intersections. In additio
passenger boarding and alighting distributions were based, fairly generally, o
limited observations of patronage during the morning peak period.

The r
rate, and boa
As  expected,
passenger inc
&8s the boar:
(applicable
payment opersz
operation wi
Assuming that
time 1is equis
route, Thus

In addition to the general route description, a number of specific inpuf
parameters must be specified to enable the model to run, Some of the mor
important parameters, and the values used in this analysis are:

(i) Tram cruise speed = 50 kph on this rout
(i1} Acceleration rate = 1,25 m/s2 coefficient o
{ii1) Deceleration rate = 1.50 m/s? time,

(iv} Passenger alighting rate = 1.0 seconds

(v} Alighting rate coefficient of variation (C.0.V) = 0.1
(vi) Boarding dead time = 4,5 seconds
(vii) Alighting dead time = 4.5 seconds
{viii) Boarding dead time C.0,V. = 0.1

(ix) Alighting dead time C.0.V. = 0.1

{x) Tram Capacity = 75
(x1) Tram Seating Capacity = 52

{xii) Simulation Period = 7am to Yam
(%ifia Avegage headwa¥ = 5 minutes

X1v) Number of simulation repetitions = 10

110
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_ In testing the effect of variations in boarding rate, the simulation was
gn for 2 range of average boarding rates and for a range of single-passenger-
“poarding coefficients of variation. Given the results of previous empirical
pservations described earlier in this paper, 1t was decided to test average
parding rates in the range of 1.0 to 8.0 seconds per passenger, The selection
of a range for the coefficient of variation was more difficult because of the
“iimited amount of information on this parameter. Given that the limited
“information available indicated a value in the vicinity of 1.0, it was decided to
“tast for values on either side of this coefficient of variation. At one extreme
the coefficient of variation was set to zero {i.e. perfectly regular boarding)
whitst at the other extreme a very high value of 4.0 was selected, Pending
fyrther empirical observation it was felt that this range would cover the values
jkely to be encountered in practice. Within the range of average boarding rates
“and coefficients of variation, any fare-collection strategy for a two-door tram
“tan be identified, ranging from proof-of-payment or two-man-operation up to one-
‘nan-operation with the driver collecting graduated fares and giving change to
passengers.
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structure as descri

R The results of the simulation can be presented in terms of the effect on
gute productivity, and the effect on the level-of-service offered to passengers.

Route Productivity

: To the operator, the productivity of the service will be reflected pri-
arily in terms of the tram travel time along the route and the variability of
his travel time. These measures will determine the number of trams required to
aintain a specific frequency along the route, To the operator, costs or savings
btained by changes in fare-collection strategy must be offset against costs or
ings experienced as a result of changes in the fleet numbers required to
ntain a specified route frequency.

rategies on a compliet
sased on Melbourne.:
sen East Burwood and.
ins 73 regular stops:
route used in this st
te, the use of the

about stop spacin
srsections.  In addit
ad, fairly generally,

: The route travel times obtained for different values of average boarding
ate, and boarding rate coefficients of variation, are shown in Figure 2,

s “expected, route travel times increase as the average boarding time per
-passenger increases. Route travel times increase from 46 minutes to 57 minutes
-as..the boarding time per passenger changes from the lowest value tested
(applicable to a two-man roving conductor operation, or a one-man proof-of-
payment operation) up to the highest value tested (applicable to a one-man-
~operation with the driver collecting graduated fares and giving change).
ssuming that the return trip is similarly affected, the change in route travel
~time: is equivalent to a 20% reduction in productivity of the vehicles on that
route.  Thus extra costs would be incurred in maintaining the service frequency
‘this route. Note that apart from one extreme case, the boarding rate

gefﬁcient of variation appears to have no effect on the average route travel
kil

number of specific in
run. Some of the
s are:
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Figure 2. Average Tram Route Travel Time

total

The extent to which route travel time variability is affected by change 25;;2

in the boarding rate is shown in Figure 3. It should be noted that the varia varia

bility referred to herein is the variability across individual vehicles in rates

morning peak period, It can be seen that the variability of travel time rises a unrea

the boarding rate slows down. Slower boarding times therefore produce a sloweé times
and more variable service in terms of route travel time. Both these effect
would need to be taken account of when assessing vehicle productivity on thi
route. In addition to the effect of average boarding rate on the variability o

route travel time, there is also a small, but statistically significant, effec mea st

of the coefficient of variation of boarding rate on the varfability of trave 2ﬁ2?:

time, i
servi



THE SECONDARY EFFECTS OF FARE-COLLECTION STRATEGIES

12 T T T T T T T T T
5~ or Coefficient of Varigtion ,ﬁ v T
- - ot 00 d
é 2 o0 C4 /
FE, o o8 / ]
o e—-e 12
- ‘65 o 20 /
> *7 40 ;
o=
[ -
=
4 >
92
ok 41 T
&+
- <
al
Sk
a2 .1 ]
G
1 | i 1 1 | | 1 1
¢ [ 2 3 4 5 [ 7 8 9 10
1 BOARDING RATE (second / passenger)
Figure 3. Standard Deviation of Tram Route Travel Time
9 10

Level of Service

Inr addition to the changes in productivity described above, the use of
{fferent fare-collection strategies will result in changes in the Tevel of
ervice offered tp passengers. Figure 4 shows the changes in average passenger
ivel time as a function of the average and coefficient of variation of the
warding rate. It can be seen that the average travel time increases sub-
stantially from 14 minutes to 18 minutes as the boarding rate changes from 1 to 8
seconds per passenger. The rate of change is near linear and is dependent on the
otal passenger boardings along the route, Routes with higher patronage would
obviously be more affected by changes 1in the boarding rate. Once again,the
verage passenger travel time appears to be independent of the coefficient of
variation of boarding rate, except for combinations of high average boarding
rates and high coefficients of variation. These combinations may however be
realistic in practice, and so one may conclude that generally passenger travel .
imés are independent of the boarding rate coefficient of varfation,

ndividual vehicles |
r of travel time rises
erefore produce a siov
me. Both these effer
cle productivity on
te on the variability
zally significant, effl
he variability of t

25 One feature of public transport services which is often seen as being a
leasure of the reliability of the service is the tendency of vehicles to form
bunches, Ideally, operators and passengers would prafer vehicles to maintain
thetr- initial separation over the entire length of the route, Breakdowns in
service regularity are highlighted by the appearance of bunches. Figure 5 shows
the change in average bunch size with changes in boarding rate. At the fastest

ding rate (1 second/passenger), approximately 4% of the trams are in
At the slowest boarding rate, approximately 20% of trams are in
i This increase 1in bunching is due to the very slow boarding rates
ng excessive service times which trigger off the formation of bunches. (For
U1l description of the bunching process, see Vandebona and Richardson
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1982b)). Once again increases in the coefficient of variation have no
- gignificant effect, except for combinations of nigh boarding rate and high
coefficient of variation. In these cases, higher coefficients of varfation
“result in an increased tendency for trams to form bunches.

: The combination of slower and more idrregular service results in an
jncrease in the average passenger waiting time as shown in Figure 6. In changing
. from the fastest to the siowest boarding rate, average waiting time changes from
3 minutes to 4 minutes. Given that passengers are generally thought to value
“waiting time more highly than they value on-board travel time (by a factor of
: perhaps 2.5), this change represents an effective increase of 2.5 minutes
compared to the change in average travel time of 4 minutes. With respect to
‘waiting time, the coefficient of variation of boarding rate has a small, though
Sgtatistically significant, effect for all average boarding rates except the
“quickest.

AVERAGE PASSENGER WAITING TIME (minutes)

f 1 1 | ] | 1 | 1 1

6 7 8 ] 10

BOARDING RATE (seconds/ passenger)

Figure 6. Average Passenger Waiting Time
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Another level-of-service measure, which is perhaps even more acute
perceived by passengers as a measure of waiting, is the probability of being i,
at a stop as a tram either departs the stop with a full load or else does ;
even stop because it is already full. Whilst waiting time 1is measured op.
continuous scale, being left at a stop is measured on a discontinuous sca
experiencing increased waiting time may not be perceived, but being left at
stop is unlikely not to be perceived {and complained about). The variation:
this measure is shown in Figure 7. It can be seen that in going from the faste
to the slowest boarding rate, the probability of being left at a stop increas
from 1% to about 7%. Put another way, for the regular commuter it increases on
from every five months (a rare event) to once every three weeks (a requy
event?}, Once again, the coefficient of variation has a small, but statisticalyy
significant, effect except at the quickest boarding rate.

The final level-of-service measure attempts to account for some aspec
of passenger comfort, In particular, it measures passenger crowding in ths
vehiclie in terms of the probability that passengers will be required to stan
As can be seen in Figure 8, the probability of standing increases as the boarding
rate slows down, In fact, the probability of standing approximately doubles
the boarding rate changes from fastest to slowest. Again, the coefficient
variation has a relatively small, though statistically significant, effect.
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Figure 7. Probability of Being Left at a Tram Stop
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From the foregoing results it can be seen that the changes in boarding
rate have both primary and secondary effects,

in the travel time results,

travel time variability,

The secondary effect, which is evident in the :
waiting time and passenger i

owding, is the result of trams departing from schedule because of the occas- i
This departure from schedule triggers the form-
ation of bunches which causes several manifestations of irregular service. It is
eresting to note that the coefficient of variation of the boarding rate has no
level-of-service measures exhibiting the primary effect, but is a

ntributing factor to variations in level-of-service measures exh1biting the
condary effect.

bunching,

The primary effect, which is
is simply the result of spending

As a result the tram
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CONCLUSION

This paper has demonstrated the effect of different boarding rates o the
productivity and level-of-service of a tram route. It is shown that STowg;
boarding rates produce a slower and less reliable service along the route, The
variability of boarding rates has no effect on route travel time but doeg
contribute to greater unreliability in the level-of-service offered to Passen;
gers. The analysis reported in this paper s, however, only the first step in
complete investigation of the changes induced by a change in far-e--coﬂectiu,f

strategy. As noted in Vandebona and Richardson (1982a), the complete pubHC{j
transport evaluation process consists of three distinct modelling phases; Supply § -
modetling, demand modelling and cost modelling. This paper has described onlv E

one of these phases, that being the supply model. Knowing that different farey_'
collection strategies have different boarding rates and that these, in turn,’
result in different route performance does not give the public transport mana

collection strategies. In particular, he needs to know about three other.
factors.

Firstly, he needs to know whether the changes in the Tevel-of-servicy:
offered to passengers will be sufficiently large to affect usage along the
route. If so, what will the effect be on revenue collected on that route? This:
question can be addressed by a demand model, Secondly, he needs to know the:
initial cost of implementing the changes in fare-collection strategy, in terms of:
direct costs (staff and other costs), variable overheads, and fixed overheads;:
Thirdly, he needs to be able to cost the changes in productivity brought about by
introduction of the new fare-collection strategy. Both these tasks can be
addressed by means of a costing model {e.g. Benham and Kneebone, 1982). If the
public transport manager wishes to go further and conduct an economic analysis;
rather than the financial analysis outlined above, then he needs further
information about the value of level-of-service changes and the resource costs
-fnvolved in providing the service, ;

At the present stage of development, the TRAMS model does not include thef::i
demand and costing models., It 1is however being developed with that ultimate

objective in mind. Even in its present form, however, it is a useful tool tu.--E

assist public transport managers in the evaluation of various options for public:
transport route design, -:

Qar g
enough information on which to base a decision about whether to change fare. |
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