AN ECONOMIC COMPARISON OF URBAN
RAILWAYS AND EXPRESS BUS SERVICES

By Edward Smith*

INTRODUCTION

Better urban public transport is widely recognized as essential to give every citizen
a greater range of opportunities for employment, shopping, and leisure activities, to
sustain the economic vitality of the town centre, and to provide an attractive
alternative to the private car that is less expensive to the community, less damaging
to the environment, and more efficient in the use of land. More than a dozen cities
in the past decade have built or begun work on new urban railway lines, while
studies of Leeds [1], Milwaukee [2, 3] and Edinburgh [4] have concluded that
future public transport needs in those cities would be better served by express buses.
The purpose of this paper is to compare the total economic cost to the community,
including the opportunity cost of all resources, of urban railways and express bus
services along corridors with peak traffic sufficient to utilize the capacity of a railway.

It is necessary first to describe the urban railway and express bus services to be
compared. London Transport’s Victoria Line, built in the 1960s, will be taken as
representative of modern urban railways. The Victoria Line is a radial route, length
21-5 km, connecting central London with local centres and suburbs to the north
and south. There are no branches on the line. The average passenger journey
distance is about 8 km. This railway is constructed in deep tunnel, bored through
London clay at an average depth of about 20 m. Here the Victoria Line differs
from some of its contemporaries in other cities, which are often sub-surface cut-and-
cover, and occasionally in part on viaduct or embankment.

The average station spacing is 1-4 km, but stations are closer together in the
central area and further apart in the inner suburbs. All stations but one on the
Victoria Line are sited to allow easy interchange with existing London Transport
and British Railways lines. The suburban stations are typically in important local
centres. They are reached by feeder bus, private car, and walking.

The average train journey speed is 39 km/h, every train stopping at every station.
The Victoria Line in the peak hour carries 28 trains in each direction. Each train
has 8 cars, both in the peak and in the off-peak. The railway cars are 17 m long
with on average 38 seats and room for 90 passengers standing. These cars are typical;
but cars for BARTD (San Francisco Bay Area Rapid Transit District) are designed
for 72 passengers seated, with no standing.

It would be quite possible to run a convoy of buses stopping at Stations A, B, G, D,
etc., in the same way as an urban railway operates. Because buses move passengers
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in a larger number of smaller groups, and because one bus can overtake another,
the service becomes more efficient if some buses go direct from A to C without stop-
ping at B. This is an express service in its simplest form: rather than a single stopping
service trying to satisfy every travel need along a corridor, several specialized services
are tailored to fit the various travel patterns more closely. Many refinements on the
fundamental express service are possible. Instead of collecting all passengers at
Station A the express bus, able to go wherever there are roads, can be its own feeder,
so that fewer passengers have to change.

For the line-haul section of the journey it will be assumed that the express bus
stops only at one or two important interchange points. In the town centre it will
make several more stops, setting down most passengers near their destinations but
also simplifying interchange with other services.

An express bus can operate on any road; but if the service is to be as fast and
reliable as the urban railway service the bus must not be hindered by traffic conges-
tion. For city streets it will be assumed in this paper that buses have reserved lanes
wherever other restraint measures are not adequate to protect buses from congestion.
On a motorway or other limited-access road any likely bus traffic occupies only a
fraction of the capacity of a reserved lane, wasting valuable road capacity. Metering
access is a more satisfactory means of giving motorway buses priority. A traffic
signal controlling the on-ramp turns red when the speed on the motorway drops
below the desired minimum. Buses have a reserved lane to bypass the waiting
queue of vehicles, but once on the motorway the bus no longer requires priority.

As it will be assumed that any new track built for the bus service will achieve the
same penetration of town centres as is expected of urban railways, road on viaduct
will be used in this paper to illustrate track cost. Underground road might be a more
realistic assumption for town centres, but costs are better documented and more
predictable for viaduct. Moreover, a route that is underground in the town centre
and on embankment or in open cut in the suburbs is likely to have the same average
cost as a route that is entirely on viaduct.

It will be assumed that the express bus service employs 12-m double-deck buses
wherever vertical clearance allows. These vehicles will carry 100 passengers seated,
or 150 passengers with 75 standing on the lower deck. A 17-m articulated bus will
be preferred where a double-deck bus is not possible, but a 12-m single-deck bus
must be used if, as in the United Kingdom, an articulated bus is illegal.

The London Transport Executive publishes urban railway and bus operating
costs on a comparable basis. The data used in this study are those for 1970 [5].
The 3,513 cars required by London Transport railways for service in the peak operate
on 383 route-km of electrified 1-435-m track with an average station spacing of
1:3 km. Much of this network was built in the last century, but station spacing,
train length, loading gage, and other characteristics are on average little different
from those of the Victoria Line, which embodies current thinking in urban railway
design. Therefore London Transport railway operations may be presumed to
reflect typical costs on a modern urban railway. London Transport bus operations—
with a peak schedule of 5,550 cars operating on 2,740 km of road—are predomin-
antly stopping services, often in congested traffic. Buses handling the passenger
traffic appropriate for urban railways would be organized as a variety of express
services, with bus priority to make high journey speeds attainable. However, by
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separating “standing costs” (costs incurred with time) and ‘“‘running costs” (costs
closely related to distance run), cost parameters can be developed that are applicable
to very different services.

There are several reasons for choosing as the unit to compare railway and bus
costs the car-km rather than, say, the seat-km or capacity-km. The most important
costs, including track and driver costs, do not vary significantly with car size. The
number of seats and the total capacity depend as much on the proportion of total
floor space given to seating as on the car size; in a given vehicle reducing the number
of seats increases the total passenger capacity. Finally, the floor area of the average
Victoria Line car, 38 m2, is the middle of the range for maximum bus sizes, being
less than that of a 12-m double-deck bus, equal to that of a 17-m articulated bus, and
greater than that of a 12-m single-deck bus.

Taxes, duties, grants, and subsidies are transfer payments within the community
and should therefore be disregarded in a study concerned with costs to the com-
munity. Fuel tax is sometimes taken to represent the cost of building and maintaining
the roads, but it is better to estimate the actual cost of roads and disregard payments
of fuel tax. All calculations will assume a discount rate of 10 per cent, the figure
generally used for the public sector in the United Kingdom. Major railway and road
construction projects commonly take about ten years from inception to completion.
As it is not possible to foresee social and technological change 35 years hence that
might make these facilities obsolete, an amortization period of 25 years will be
assumed. Foreign prices will be expressed in pounds sterling at the exchange rates
current in 1970.

OPERATING COST ON EXISTING TRACK
WITH NO OPPORTUNITY COST

Rolling Stock and Escalators

Recent orders of railway rolling stock have cost HHA (Hamburger Hochbahn
Aktiengesellschaft) £30,000 per car, London Transport £40,000, Oosaka Under-
ground Railway £53,000, Oslo Metropolitan Railway £64,000, New York City
Transit Authority £89,000, and BARTD £111,000 per car. British buses generally
cost between £8,000 and £12,000 each, the dearer buses being double-deck with a
centre exit. These prices do not include the elaborate and troublesome fare-collection
equipment on trial on some London Transport buses. In other countries single-deck
buses can cost up to £15,000 each.

The Victoria Line is a deep-tunnel railway and the capital cost of escalators,
40 per cent of the capital cost of rolling stock, was greater than would be expected
for a surface or sub-surface railway. Because some use was made of existing escalators
this cost was not as great as it might be for another deep-tunnel railway with the
same station spacing. The Victoria Line figure will be taken as representative, but it
should be understood that the possible range for the capital cost of escalators is wide.

If the useful life of a modern railway car is 2 million km and the current replace-
ment cost is £40,000, the depreciation will be 2-0 p/car-km. If the capital cost of
escalators is 40 per cent of the capital cost of rolling stock in peak service and if the
escalators are assumed to have a life of 25 years, the depreciation per car in peak
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service will be £12-3/week. If the life of a bus is 800,000 km and the current replace-
ment cost is £12,000 the depreciation will be 1-5 p/car-km.

If it is assumed that the rolling stock and escalators are on average half life-
expired, the value on which interest should be charged will be about half the replace-
ment cost. Allowing for 15 per cent spare cars, the interest per car in peak service
will be £44-1/week for railway cars costing £40,000 to replace, £15-3/week for
railway escalators costing £16,000 to replace, and £13-2/week for buses costing
£12,000 to replace. The interest and depreciation calculated above would not be
sufficient to amortize the capital cost of all-new equipment, but in practice the
difference would be balanced by interest on the deferred maintenance cost of
all-new equipment.

Staff

One-man train operation is technically feasible on any urban railway, with or
without automatic train control, and is a feature of most new urban railways.
One-man bus operation has been standard for many years in North America and is
now preferred for all types of service by London Transport, National Bus Company,
and most other bus operators in Great Britain and Europe. The use of season
tickets by commuters could ensure quick loading.

The labour intensity of operation and maintenance can be expressed as staff
employed per car-km run in the peak hour. If the average vehicle journey speed is
the same for urban trains and express buses, say 40 km/h, the labour intensity of
each will be proportional to the staff per car in peak service. No separate staffing
figures are available for express buses apart from stopping buses, but it is reasonable
to assume that the staff per car in peak service (but not the staff per car-km run in
the peak hour) will be essentially the same for stopping and express bus services.
London Transport employs 6-2 staff per car in peak service for the railways and 4-7
for the bus services, excluding guards and conductors. The median value for seven
urban railways (Table 1) is 6-8 staff per car in peak service; the median value for
eleven bus undertakings is 3-8. The least labour-intensive urban railway in the
sample, HHA, employs 25 staff per car in peak service, while the least labour-
intensive bus operation, Atlanta TS, employs 2-2 staff per car in peak service.
Electricity generating staff are included in Table 1 only if employed directly by the
urban railway, and for railways other than London Transport the staff per car in
peak service is therefore underestimated by about 0-1. The bus figures do not include
track maintenance, but it will be seen later that the bus share of road and signal
maintenance is a negligible fraction of bus running costs. As the staffing for both
railways and bus services can be less than half the present London Transport
figures, the labour element in the operating costs must be considered uncertain.
But, in common with London Transport experience, urban railways generally tend
to require more staff per car in peak service than do bus services. The popular belief
that railways are inherently less labour-intensive arises from counting drivers rather
than total staff.

The costs of drivers and traffic staff are more a function of time than of distance
run, and will therefore be treated as standing costs. The average train length for
London Transport is 7 cars, but driver and signaling costs will be adjusted on the
assumption of 8-car trains, as on the Victoria Line.
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TaBLE 1
Staff per Car in Peak Service

Staff (less

Guards and

Conductors)

Total Guards and Cars in per
Staff Conductors Peak Service  Peak Car

Urban Railways
HHA (Hamburg) 1,830 0 740 2-5
RATP (Paris) 19,399 2,644 2,926 5-7
London TE 23,700 1,900 3,513 6-2
Montreal UCTC 1,966 90 276 6-8
BVG (West Berlin) 4,440 0 650 6-8
TRTA (Tokyo) 9,215 0 1,189 7-8
FCM de Barcelona 2,026 125 163 11-7
Bus Undertakings
Atlanta TS 1,058 0 474 2-2
AQ Transit (Oakland, Cal.) 1,559 0 651 2:4
HHA (Hamburg) 1,876 0 723 2:6
City of Detroit 2,407 0 878 2-7
Southern California RTD 4,073 0 1,284 32
West Midlands PTE 7,945 1,851 1,606 3-8
Leicester CT 930 241 180 3-8
RATP (Paris) 19,237 3,085 3,481 46
London TE 36,500 10,600 5,550 4.7
Tyneside PTE 2,010 566 308 4.7
BVG (West Berlin) 8,524 1,765 1,312 5-2

Sources: Information received from the undertakings.

Maintenance

In Great Britain the cost in 1970 of maintenance, cleansing and administration
for motorways and trunk roads was £24-7 M [6]. The average width of
1,060 km of motorways was 19-4 m and the average width of 15,000 km of other
trunk roads was 8:2m [7]. The equivalent cost of maintenance, cleansing and
administration for a 3-6-m lane is £620 per lane-km-year. If the lane carries the
equivalent of 2 million buses yearly, this cost for buses is 0-03 p/car-km. This figure
properly applies to a heavy-duty road surface, as found on most urban roads.

The maintenance of traffic signals in Greater London cost £650,000 in 1970. It is
reasonable to assign 10 per cent of this cost to London Transport buses. For other
types of bus operation the cost of signal maintenance could be very different, but
would remain a negligible portion of total costs.

Electricity and Fuel
The average electricity consumption for the London Transport railways is
2:2 kWh/car-km or 7-9 M]J/car-km, below average for urban railways with

24



ECONOMICS OF URBAN RAILWAYS AND EXPRESS BUSES Edward Smith

comparable station spacing (consumption being 2-:0 kWh/car-km for HHA but
5-4 kWh/car-km for the Montreal Metro). If the electricity were generated by an
efficient modern steam turbine the total energy consumed would be about 30 MJ/
car-km. The average fuel consumption of London Transport buses is 0-34 litres/
car-km, equivalent to a total energy consumption of 13 M]J/car-km. This is typical
for a stopping service but is as high as would be expected of an express service
employing 12-m double-deck buses with a high power/weight ratio. The high total
energy consumption of an urban railway is explained by heavy rolling stock, gener-
ally about three times the weight of equivalent buses, having to stop and start at
every station.

Comparison

Table 2 lists operating costs on existing track with no opportunity cost, applicable
to London Transport railways and buses in 1970. These costs are expressed in
Table 3 as a function of the distance run per week per car in peak service. This
distance is about 1,800 km for London Transport railways and about 1,200 km for
London Transport bus services. It will be assumed that a bus serving the same func-
tion as a railway car and having the same average journey speed will travel the
same distance per week.

TABLE 2

Operating Cost on Existing Track with No Opportumity Cost
(Based on London Transport Costs in 1970 [5])

Standing costs per car in peak service

£ week Railway Bus
£ £
Administration:
Central 21-6 16-6
Operating 2-1 2-0
Maintenance 10-3 3-3
Rates, rents, etc. 3.7 3-1
Maintenance:
Buildings 8-7 2-7
Signaling (8-car train) 9-5 0-2*
Lifts, escalators, pumps 40 —
Interest on rolling stock 44-1* 13.2%
Interest on escalators 15-3* —
Depreciation of esclators 12-3% —
Drivers (one-man operation, 8-car train) 17-5 78-0
Traffic staff 51-4 16-7
Signal operation (8-car train) 4-1 —
Staff training 2:2 2-8
£207 £139
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Running costs—p|[car-km Railway Bus
p. p.
Electricity or fuel (without tax) 1-8 0-3
Tires — 0-1
Cleaning, lubricating, servicing 0-3 0-8
Station cleaning 0-3 —
Tickets and machines 01 0-1
Compensation for accidents 0-0 0-1
Vehicle repairs 1-7 2-2
Track and structure maintenance 1-2 0-0*
Depreciation of rolling stock 2-0%* 1-5%
Miscellaneous 0-2 0-2
7-6p 5:3p

*Estimates not from London Transport sources, but see text.

TABLE 3
Operating Cost on Existing Track with No Opportunity Cost—p|car-km

Car-km per week per Urban
car in peak service Railway Bus
p. p.
1,200 25 17
1,800 19 13
2,400 16 11
TRACK

Capacity

A modern urban railway with 8-car trains can reliably carry up to 240 cars/
track-h without a serious drop in the level of service. More trains than 30 per hour
lead to operating instability if loading unduly delays a train at one station. Buses
use motorway lanes only for running. Loading is off the motorway, either in bus-
bays beside the motorway or in city streets. If one bus is delayed other buses are not
affected. Experiments by the General Motors Corporation using 12-m buses proved
that the possible capacity of a motorway is 1,400 buses/lane-h for a running speed of
70 km/h [8]. An independent study by E. A. Hodgkins of the U.S. Bureau of Public
Roads concluded that the possible capacity of an exclusive bus lane is 1,300 to 1,450
buses/h [9]. Because buses do not work to a timetable as rigid as that for trains, the
practical capacity would be perhaps 25 per cent lower than the possible capacity to
allow for peaks within the peak hour. A practical capacity of 1,000 buses/lane-h is
about four times the capacity of a railway track.
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Cost
The track capital cost per car-km run in the peak hour is a measure for comparing
the track cost-effectiveness of different systems. The track cost-effectiveness, E, may

be expressed as £ = 3%, where C is the track capital cost, § is the track length (not

the route length), and @ is the maximum traffic flow in cars/track-h. An equivalent

.]T(fjl_/" where N is the maximum number of cars in service in the
peak and V is the average car journey speed.

For the Victoria Line the capital cost per car-km run in the peak hour was £10,600,
excluding rolling stock, escalators, and lifts, but including capitalization of interest
at 10 per cent during construction. Despite the difficulties in comparing prices in
cities with different labour costs, property costs, soil conditions, design standards,
and construction techniques, the costs of other urban railways built in the past
decade have been very similar if expressed in terms of car-km run in the peak hour.
An exception is BARTD, for which this cost is over four times as great as for the
Victoria Line. The cost per track-km of BARTD is similar to that of the Victoria
Line, but the expected traffic flow on BARTD is very much lower. Several urban
railways in smaller cities have a cost per track-km lower than that of the Victoria
Line but they also have a lower traffic flow. If allowance be made for inflation the
Victoria Line cost represents the minimum for a future urban railway.

London’s Westway, a route mostly on viaduct, cost £1:3 M/lane-km, including
capitalized interest, and may be typical for motorways in Inner London. Along the
length of a route the cost of a motorway would vary greatly. In the suburbs it could
be less than £0:3 M/lane-km. In the town centre and any conservation areas expen-
sive underground construction may be demanded. The Heathrow cargo tunnel, a
deep tunnel in clay, was £1-1 M/lane-km (including £0-27 M/lane-km for ventila-
tion) [10], but bus-bays, junctions, and more difficult soil conditions could raise the
price of deep-tunnel road to £3 M/lane-km. Experience abroad suggests that cut-
and-cover would generally be dearer than viaduct but often cheaper than deep
tunnel. Despite the possible variation the average cost for the whole route is not
likely to be more than £1-3 M/lane-km.

In practice there is no corridor in which the passenger traffic warrants as many as
1,000 buses per hour. Whereas unused capacity on a railway will magnify the track
capital cost per car-km, spare capacity on a road can be utilized by other vehicles
provided that some form of restraint, such as metering non-bus traffic at entry points,
is available to ensure a high level of service for buses. Thus the bus need be charged
only the cost of that proportion of the road capacity which it actually uses in the
peak. For shared track assumed to be fully utilized in the peak @ will indicate the
practical bus capacity rather than the actual bus flow in the peak. If @ = 1,000
buses/lane-h the track capital cost per car-km run during the peak hour, E, for a

L£13M )
1000 — £1,300. If the vehicle

journey speed, V, is 50 km/h, a depot costing £2,000 per bus in peak service and

762,000\:(;;55,000 — [140,

expression is E =

bus on a road costing £1:3 M/lane-km, g, will be

bus-bays costing £5,000 per bus in peak service will add

27



January 1973 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

bringing the capital cost to £1,440 per car-km run during the peak hour.

The total capital cost of the Victoria Line, including rolling stock and escalators
at 1970 prices, is £12,150 per car-km run in the peak hour. A bus service costing
£21,000 per car in peak service for vehicles, bus-bays, and depot and with an average
journey speed of 50 km/h will have the same total capital cost per car-km run in the
peak hour if for the whole route the average cost of the road shared by the bus

service 1s (412,150 —£—"%000—0) x 1,000 = £12 M/lane-km, more than twice the

cost of the new Blackwall Tunnel, which was the most expensive section of road ever
built in the United Kingdom.

If the construction cost is amortized at 11 per cent yearly, liquidating a debt with
interest at 10 per cent in 25 years, the yearly cost of track and depot per car-km run
in the peak hour will be £10,600x0-11 = £1,165 for the Victoria Line and
£1,440 x0-11 = £158 for a bus service on a motorway costing £1-3 M/lane-km,
with assumptions as above. If the daily cost is apportioned at the ratio of Monday-—

he

. . . 1
Friday daily traffic to yearly traffic on the London Transport railways, 305 t

daily cost of track and depot capital will be £ ;61: > = £3-82 per car-km run in the
peak hour for the Victoria Line and ’%1(%3 = £0-52 per care-km run in the peak

hour for the equivalent bus service.

The track cost per car-km run during the day will be the cost per car-km run
during the peak hour multiplied by the ratio of peak-hour traffic to all-day traffic:
the peak-hour factor. The costs for a range of peak-hour factors are given in Table 4.
For costs as in Table 3 (1,800 km/week) and Table 4 the total operating cost to the
community of urban railways and express bus services on new track is given in
Table 5 as a function of the peak-hour factor. It will be seen that on new track, for
the circumstances considered and ignoring passenger time cost, the cost of an urban
railway is about three to five times that of an express bus service.

TABLE 4
Cost of New Track—p|[car-km

Peak-hour factor Urban Railway Bus
0-10 38 5
0-15 57 8
0-20 76 10
0-25 96 13
0-30 115 16
0-35 134 18
0-40 153 21

Note: Railway cost as for Victoria Line. Bus cost as for London’s Westway, with allowance for bus-
bays and depot and assuming the cost of road capacity not required by buses in the peak is
assigned to other vehicles.

28



ECONOMICS OF URBAN RAILWAYS AND EXPRESS BUSES Edward Smith

TABLE 5
Operating Cost on New Track—p[car-km

Peak-hour factor Urban Railway Express Bus
0-10 57 18
0-15 76 21
0-20 95 23
0-25 115 26
0-30 134 29
0-35 153 31
0-40 172 34

Note: Costs from Table 3 (1,800 km/week) and Table 4.

Existing Facilities

Consider an existing urban railway that is suitable for conversion to a road. If the
present operating cost is 18 p/car-km (assuming no escalators), the operating cost of
an express bus is 13 p/car-km, and the traffic is 600,000 cars/track-year, the savings
on operating cost possible by substituting buses is 600,000 x (18 p—13 p) = £30,000/
lane-km-year. If the cost of conversion is £24,000/lane-km (the median total cost
of 22 cases of railway conversion using the existing formation [11]), the reduction
in operating cost will give a yearly return on investment of 125 per cent.

The lane capacity in the tunnels of a converted railway would be as much as
20 per cent below the capacity on sections without restricted lateral clearance [12].
The standard vertical clearance for roads is 5-1 m in Great Britain and Ireland but
4-0 m in most other countries. The height of double-deck buses is 4-1 to 44 m in
Great Britain but 39 m in Germany. In most railway tunnels a vertical clearance of
4-0 m for the full width of 3-5-m lanes could be achieved at low cost and bus routes
through those tunnels could employ double-deck vehicles. Deep-tunnel urban
railways—even those with a large bore—are not suitable for conversion to roads:
the necessary ventilation, bus-bays, and other modifications would be too costly.

For track already built the construction cost is not relevant in a study concerned
with economic costs. Instead any use should be charged the opportunity cost, the
highest value of the facility for a different use. If a community is prepared to pay a
cost of £1-3 M/lane-km (Westway) for a new road, and if there is a railway along the
same corridor that could be converted to a road at a cost of £24,000/lane-km, then
the opportunity cost of the railway is £1,300,000 —£24,000 = £1,276,000/lane-km.
To justify economically its continued monopoly of this resource the railway should
pay the community the interest on the opportunity cost, £127,600/lane-km-year if
the discount rate is 10 per cent. This opportunity cost is equivalent to 127,600/
420,000 = 30p/car-km if the railway carries 420,000 cars/track-year, the average
traffic on London Transport tracks. If the railway carries only 100,000 cars/track-
year, typical of many British Railways tracks in London, the opportunity cost will
be £1:28/car-km. Clearly an existing railway route is not likely to be economic if
even a fraction of it has a high opportunity cost.

The opportunity cost of a bus on existing roads is the cost to the community of
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diverting or restraining that traffic displaced by the bus. This will often be less
than the cost of new road capacity, particularly if some commuters find the express
bus service an attractive substitute for the private car and if the existing road capacity
is sufficient to satisfy the off-peak demand [13].

For a city street the bus capacity of a lane is lower than for a road with motorway
characteristics. A bus-only lane on average 4-0 m wide (3-5 m widening to 6-5 m at
bus stops) in a city street can typically carry 240 buses/lane-h and is equal in capacity
to an urban railway track. In London and many other cities most 2-way roads are
not wide enough for bus-only lanes plus lanes for other traffic, and in British and
European cities the practicable opportunities for one-way streets are limited.
However, a bus-only road to carry 2-way flows at speeds up to 50 km/h need be
only 7 m between curbs, widening to 10 m for a bus stop on one side.

PASSENGER TIME COST

For any comparison of public transport costs to be complete the relative cost of
passenger time must be considered. Travel decisions are affected by the door-to-door
journey time of each option, but passengers value time spent walking, waiting, and
interchanging two to three times as highly as in-vehicle time [14]. To compare the
services attainable with urban railways and express buses it is helpful to divide the
morning commuter journey into suburban collection, line-haul, and central-area
distribution.

Because most passengers do not live near a station, railway suburban collection
must be supplemented by feeder buses, private cars, and the willingness of patrons in
every sort of weather to walk long distances. On a busy urban railway with a single
pair of tracks and no loops, each train must stop at every station. The station spacing
must therefore be a compromise between the needs of suburban collection and
line-haul. A spacing of 14 km on the Victoria Line gives an average vehicle journey
speed of 39 km/h. With a greatly variable station spacing averaging 3-7 km BARTD
is expected to have an average vehicle journey speed of 75 km/h; but nearly all
passengers will have to change from feeder buses and private cars, and the time cost
for interchanging will be considerable. On an urban railway, passengers with destina-
tions outside the one or two central-area corridors served directly must change,
bearing a high cost for the loss of time and convenience. On some existing railways
the track does not cross the town centre, and most passengers must change for
central-area distribution. 4

In a corridor where passenger traffic warrants 240 buses/h in one direction, 20
different services can run at a 5-minute frequency, each service designed to suit best
the needs of 5 per cent of the corridor’s passengers. The express bus separates its
suburban-collection and line-haul duties, allowing a comprehensive suburban
collection followed with a minimum of interchange by line-haul at 60 to 90 km/h
on a motorway or converted railway. In the central area buses from most suburbs can
serve many corridors, again minimizing the need for interchange, and either metered-
access roads or bus-only lanes can ensure an average vehicle journey speed in the
central area comparable with that of the urban railway, 20 to 30 km/h.

30



ECONOMICS OF URBAN RAILWAYS AND EXPRESS BUSES Edward Smith
CONCLUSIONS

Compared with an urban railway, an express bus service can utilize costly track
much more intensively, employs light-weight, inexpensive rolling stock, tends to be
less labour intensive, and by largely eliminating line-haul stops and minimizing
interchange achieves faster and more convenient services. Whatever the discount
rate, amortization period, or cost of labour, the construction of a new urban railway
is not likely to be economically justified in typical circumstances. If there are valid
non-economic reasons for preferring a new railway, these reasons ought to be clearly
identified and weighed against the advantages of the best bus alternative.

Some existing railways could readily be converted to roads, with considerable
benefit to the commuaity. The much higher capacity attainable with a bus service
would be welcome in the peak hour on routes now worked by overcrowded trains.
For equal loading standards the bus service should have a lower operating cost, the
savings quickly repaying the cost of converting the railway. The improvement in
service would be particularly great in the case of existing suburban railway lines
which do not cross the town centre; the replacement buses could run through the
town centre in bus-only lanes, and fewer passengers would have to change. Economic-
ally the greater benefit, during the off-peak as well as during the peak, would
generally be from the use of the converted railway by additional traffic. It is most
important, however, that access by private vehicles be metered whenever congestion
threatens to slow buses.
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