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INTRODUCTION

The Bureau of Transport and Communications Economics was commissioned by the National
Transport Planning Taskforce to undertake a strategic assessment of the adequacy of transport infrastruc-
ture in Australia for the next 20 years. This paper discusses the concepts of 'adequacy' developed for the
study and how they were applied to each mode of transport. It also summarises the study's main findings.
Two definitions of adequacy were employed, one technical, based on the physical and performance
characteristics of transport infrastructure, and the other economic, based on cost-benefit analysis and an
optimal timing criterion. Both technical and economic assessments of adequacy were undertaken for
intercity roads and railways but only technical assessments were possible for seaports, airports and urban
roads. Forecasts have been made of future expenditure needs for the infrastructure considered by the
study over the next 20 years. The paper concludes with some general observations about these forecasts
-their size, distribution and causes, and the direction of future strategic planning work of the type carried
out by study. This paper shows how one country assessed the future adequacy of transport infrastructure.
All countries need to be able to carry out such an assessment and this paper is published to provide
information on one methodology.

Note: $ Denotes Australian Dollars throughout this paper.
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THE ADEQUACY OF AUSTRALIAN TRANSPORT INFRASTRUCTURE

Mark Harvey and John Miller 1

The Bureau of Transport and Communications Economics
The Australian Federal Department of Transport

BACKGROUND

The National Transport Planning Taskforce

The National Transport Planning Taskforce (NTPT) was established by the Australian Government in
October 1993. Its terms of reference were to consider, national infrastructure needs and operational
improvements required to meet future demands for freight transport. The Taskforce concluded its report in
December 1994. The members of the NTPT were senior transport executives from private enterprise and

government.

The Bureau of Transport and Communications Economics2

To assist it in meeting the requirement to assess 'the future pattern of transport demand and the
adequacy of existing and planned infrastructure', the NTPT commissioned the Bureau of Transport and
Communications Economics (BTCE) to undertake a major study for them. The Bureau made assessments
for the next 20 years covering road, rail, sea and air transport infrastructure considered to be of national
strategic economic significance. The final results of the study were provided to the NTPT in November 1994.

Scope of the study

To reduce the task to manageable proportions, the Bureau selected for examination a limited range
of freight transport infrastructure considered to be of national strategic economic significance. The selection
comprised 12 land corridors, 15 airports, 14 seaports and 5 cities. The land corridors included all of the
federally funded National Highway system, shown in figure 1 and the parallel railways, shown in figure 2.
The seaports and airports selected included those at capital cities as well as at important regional centres.
Because they are generally commodity-specific, dedicated bulk export ports were excluded. The assess-
ment also included road and rail terminals and significant freight corridors within the urban areas of the five
mainland state capitals.

Passenger transport was taken account of in the analysis since it uses the same infrastructure as
freight and impacts on congestion levels. Even though the air freight task is relatively small, airports have
been accorded considerable attention because air freight tends to be high value and substantial proportions
of the passengers carried are business travellers and tourists. Catering for the needs of these passengers
is considered to be a matter of national economic significance.

The strategic nature of the study

The BTCE's assessment covered all four modes of transport. The strategic nature of the work
needs to be emphasized. The study did make estimates of the dollar values of the investments likely to
be warranted, but these should be regarded as broad orders of magnitude only. It was not intended that

1

2.

This Bureau project was undertaken during 1994 by a project team comprising 10 staff members, assisted by a
number of extemal consultants. The dedication of the Bureau staff and consultants was greatly appreciated.

The Bureau of Transport and Communications Economics is a centre for applied economic research within the
Australian Federal Department of Transport. The BTCE aims to stimulate public debate on important transport and
communications issues through publishing the results of its research, and providing public information on the structure
and economic performance of the transport and communications sectors. Areas of research currently covered by the
Bureau include the aviation industry; airport and airspace management efficiency; the economics of telecommunications,
broadcasting services and emerging communications technologies; land transport statistics; community service obliga-
tions of road and rail; economic benefits of transport and communications infrastructure investment; waterfront
performance evaluation; greenhouse gas emissions and urban externalities.
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Figure 1. The Australian National Highway System
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Figure 2. The Australian Interstate Rail System
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the findings be seen as a recommended investment programme. The techniques employed were
designed to highlight areas where a full scale cost-benefit analysis would most probably indicate that
investment in additional infrastructure is warranted within the 20 year period. The techniques are not
substitutes for proper cost-benefit analyses but point to areas where more detailed evaluations might
usefully be undertaken as well as to areas where this is not the case. The results of the study should
therefore be valuable in alerting governments to parts of the national transport network infrastructure that
are likely to require attention over the next 20 years and the likely magnitude of the financial resources

required.
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Since the study was concerned with adequacy of infrastructure, issues of investment in the
equipment using the infrastructure, that is, trucks, railway rolling stock, aircraft and ships, were not
considered. The same applies to equipment used to operate and maintain the infrastructure such as earth-
moving plant for roads, grinding machines for railways, cranes and forklift trucks at rail terminals and ports,
tugs at seaports and tractors at airports.

DEFINING INFRASTRUCTURE ADEQUACY

The concept of adequacy

Defining adequacy is not straightforward. Although an upper limit exists on the capacity of any piece
of infrastructure, well before this point is reached, the quality of service provided by the infrastructure
will have ceased to be acceptable. As utilization rises towards capacity, operating costs, delays and
unreliability increase.

'Adequacy' of transport infrastructure refers to whether or not additional investment is required in the
infrastructure. The requirement to invest is a consequence of the infrastructure providing a poor level of
seNice, such as high operating costs, long seNice times or unreliability. Poor seNice can have a variety of
causes including shortages of capacity, physical deterioration and obsolescence due to changes intechnology, 

demand, input prices or safety requirements.

Specifying just what is meant by a 'poor' level of service is not straightforward. If efficient use of
resources is the objective, whether the level of service can be considered poor and the infrastructure
requires upgrading is an economic question involving a weighing up of the capital cost of investing against
the benefits in terms of improved levels of service. The technique for doing this is social cost-benefit
analysis. However, undertaking a cost-benefit analysis is a complex, data intensive and time consumingtask. 

Simpler and quicker means are needed to identify investment projects where detailed assessment is
likely to be warranted, and to make decisions about smaller investments where application of cost-benefit
analysis techniques would not be worthwhile. The common procedure is to employ a 'rule of thumb'
whereby upgrading is considered necessary when the quality of service provided by a piece of
infrastructure deteriorates below some minimum acceptable level.

An assessment of adequacy using a technical definition can only be regarded as providing a rough
guide to whether upgrading is economically justified. A piece of infrastructure which is inadequate in the
technical sense and so appears to need upgrading, could be adequate in the economic sense if the cost
of upgrading was high in relation to the benefits. A cost-benefit analysis of the upgrading project may then
show it to be uneconomic. Conversely, if the benefits of upgrading exceeded the costs, it would be
economic to invest even where the infrastructure was technically adequate.

Technical adequacy

The definition of technical adequacy stems from the notion of 'rules of thumb' providing a
rough indication of whether investment is needed. Transport infrastructure is deemed to be technically
adequate if its physical or performance characteristics are above minimum acceptable levels. The definition
can be applied either to physical or performance characteristics. Examples of physical characteristics that
could be used for roads include vehicles per day per lane and intersections per kilometre. For performance
characteristics, the minimum acceptable levels could be specified either in technical terms, for example,
average or peak hour speeds; or in cost terms, for example user costs per kilometre.

Given that infrastructure adequacy is essentially an economic question, determining the level of
minimum technical standards should be done bearing in mind the standard that is likely to be warranted on
economic grounds. One approach is to assume that, on average across the network being assessed,
current standards for infrastructure of a given type are roughly right in economic terms. The physical or
performance characteristics of a large number of sections of infrastructure can then be compared and
those with relatively poor standards deemed to be technically inadequate. Precisely where to draw the line
between adequate and inadequate remains a matter for judgment. In the absence of information about
economically warranted standards, natural breaks in the continuum of standards and perceptions about
reasonable standards could be drawn upon.
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Economic adequacy

The second approach to defining infrastructure adequacy employed by the Bureau in its assessment
of national transport infrastructure was 'economic adequacy' which is based on sociai cost-benefit analysis.
Transport infrastructure is deemed to be economically adequate at a point in time if investment to improve
the level of service provided is not economically warranted. An investment is economically warranted at a
point in time if:

1. the present value of benefits exceeds the present value of costs; and

2. there is no net welfare gain from delaying the investment.

The first condition ensures that the resources invested wilr earn at least what they could if used
elsewhere in the economy and the second condition ensures optimal timing.

To explain the economic concept of adequacy in more detail, figure 3 shows a demand curve and
two 'short-run marginal social cost' (SRMC) curves for the use of a piece of infrastructure. Quantity
provided or demanded per period of time is graphed on the horizontal axis and 'generalized social cost' of
infrastructure use on the vertical axis. This 'generalized social cost' consists of all the costs associated
with use of the infrastructure regardless of to whom they accrue. In the case of roads, generalized social
costs would include the costs of road provision and maintenance, vehicle operation, time for passengers
and freight, and externalities such as accidents, ~ir pollution, noise and visual disamenity. Valuing time
and externalities entails significant measurement problems which are not addressed in this conceptual
discussion.

The marginal cost of infrastructure use is the cost imposed by an additional user. The short-run
refers to the time frame in which it is not possible to invest to change the infrastructure. Capital costs and
fixed operating costs of infrastructure are excluded because they will not be affected in the short term by
infrastructure usage. The short-run marginal social cost curve (SRMC1) rises as usage rises towards
maximum capacity (C1)' and operating costs, delays and unreliability increase. If the maximum capacity
was increased, say to C2' the short-run marginal cost curve would shift to the right -to SRMC2.

The demand curve (0) shows the quantity demanded of infrastructure usage at each level of
generalized cost incurred by users. Users incur their own costs plus taxes and charges associated with
use of the infrastructure. To simplify the exposition, it is assumed that taxes and charges are levied in

Figure 3. Benefits from capacity expansion
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amounts such that the user pays the short-run marginal social cost of the resources consumed. This is the
economically optimal price.3 As a result of the capacity expansion, users gain from a reduction in
generalized cost from P1 to P2 and so increase their use from 01 to 02- The net gain to society from
expanding infrastructure capacity is equal to the shaded area (abf) in figure 3.4 Clearly, the shaded area
and hence the benefits from expanding capacity will be greater in size, the higher demand is in relation to

capacity.

A social cost-benefit analysis would compare the capital cost of the capacity expansion with the
discounted present value of gains per period of time. The first condition in the above definition of economic
adequacy requires that the latter exceed the former before capacity could be considered inadequate.

If infrastructure could be expanded in finely divisible amounts, one would keep on adding to capacity
as long as the present value of benefits from one dollar's worth of additional expenditure on capacity
exceeded one dollar. In practice, however, capacity can often only be expanded in sizeable lumps.

The optimal time to invest

Although capacity may be lumpy, the time at which to invest is finely divisible. This leads to the
second condition in the definition of economic adequacy which ensures optimal timing. Even when the
present value of benefits exceeds costs, it may still 'be preferable to delay an investment. Assuming that
the upgrade will be permanent, if the investment project was delayed by one year, society would forgo the
benefits from the project for that year. As an offset, society could gain by investing the funds required for
one year elsewhere and earn interest. Assuming perfect capital markets so that the interest rate equals the
discount rate which in turn equals the opportunity cost of capital, society would gain rK where r is the
discount rate and K the capital cost of investment. Hence an investment would be better delayed so long
as B(t) < rK where B(t) is the benefits in year t.5 If one only wishes to know whether infrastructure is
adequate now, estimates of benefits in the first year of a project's life and capital costs are all that is
required. Estimates of future benefits will be needed if one wishes to forecast the timing of future
expenditure needs.

If demand is growing over time, annual benefits will grow as well, so the time will eventually be
reached when investment is warranted. This is illustrated in figure 4. Time is graphed on the horizontal axis
and annual benefits and costs on the vertical axis. Two annual benefit curves are shown along with the
value of rK. The annual benefit curves have been drawn as rising at an increasing rate because, as the
demand curve in figure 4 moves rightward over time, the distance between the SRMC1 and SRMC2 curves
increases. If the annual benefit curve labelled A applied, the investment would be warranted immediately.
In this case, the optimal time to invest occurred in the past. In the case of the B curve, it would be best to
delay the investment until time T a.

Non-capacity expanding investments

The SRMC curves in figure 3 were drawn such that the investment shifts the SRMC curve to the
right. Short-run marginal costs at low outputs remain unchanged. The improvements in service levels
eventuate because there is more capacity to handle any given volume of demand. Some investments will
shift the SRMC curve downwards as well as or instead of to the right. An example would be an

3.4.

5

This is the optimum pricing rule to achieve economic efficiency because the marginal user, that is, the user on the
borderline in deciding whether or not to use infrastructure, is faced with the full cost he or she imposes on society. In
practice, prices will never perfectly reflect marginal costs and may be quite different. Where prices differ from marginal
costs, measurement of benefits from infrastructure upgrading will be more complicated than just the shaded area in
figure 1. Benefits in the form of increased willingness-to-pay would be measured with reference to the demand curve
and private generalized costs incurred, including taxes and charges. Benefits in the form of net cost savings would be
measured by referring to the marginal social cost curves.

The area between the two SRMC curves from 0 to 0, (aef) represents the saving in costs on existing throughput. The
area from 0, to O2 (abe) is the gain to society associated with the generated demand. It is the difference between the
gain to users represented by the height of the demand curve and the social cost of meeting the additional demand
represented by the height of the SRMC2 curve.

This condition is sometimes expressed as: a project should be delayed if the 'first year rate of return' is below the
discount rate, that is, B(1)/K < r.
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Figure 4. Optimal timing of investments
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investment to save on variable maintenance costs. Even if there is no congestion whatsoever, the
principles for assessing whether the investment is warranted and estimating the optimal time are the same.
In terms of figure 3, the demand curve would pass through the flat parts of the SRMC curves. The
annual benefit would still be measured by the area bounded by the two SRMC curves and the demand
curve.

Network effects

An investment in capacity, by generating or diverting traffic, may increase or reduce traffic in other
parts of a transport network creating additional costs or benefits through changes in congestion levels. This
could occur in respect of the same mode or another mode where modes are competing or complementary.
These network effects should be taken into account in a cost-benefit analysis but they are difficult to
estimate. It may be justifiable to ignore them in a strategic assessment provided they are not expected to
be very significant.

Conclusion

The approach to assessing infrastructure adequacy outlined above offers great flexibility in terms of
the depth of analysis, and this is essential given the variations in degrees of data availability and ease of
modelling between the modes. At the lowest level is the technical assessment of the physical charac-
teristics of infrastructure. The next level is a technical assessment of adequacy based on current and
projected infrastructure performance in terms of service levels. This has the advantage that it can formally
incorporate demand projections. Finally, if it is possible to specify investment projects and estimate costs
and benefits, it is possible to undertake an economic assessment, which will in turn provide direction in the
most efficient allocation of our limited resources.

THE METHODOLOGY AND FINDINGS

The extent to which the Bureau was able to apply the definitions of technical and economic
adequacy to each mode of transport in the adequacy assessments undertaken for the NTPT depended on
the availability of data on the physical and usage characteristics of infrastructure and the availability of
models to translate these data into service levels. Intercity roads, followed by railways, were the modes on
which the most progress was possible.
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Data requirements

An essential component of any study into transport infrastructure adequacy is information of
reasonable quality, on the infrastructure and its usage. The difficulties encountered by the Bureau in this
phase of the work have uncovered major deficiencies that exist in knowledge about the physical and
performance characteristics and the usage of transport infrastructure in Australia. The basic data required
for technical and economic assessments are physical characteristics of each individual piece of infrastruc-
ture and details on levels of utilization. Further data was collected on capital costs of investment projects
and data on operating costs including values of time and reliability where these are major benefits from
investment projects.

Demand projections

Prior to the assessment of the adequacy of the transport infrastructure, the Bureau estimated the
likely future demand for freight movements for each mode. The first step was to assemble information on
the current levels of the freight task and the traffic movements. As noted, passenger traffic was also
considered as this contributes to the loading on the infrastructure. For the road mode, the future demand
was estimated using forecasts of population and economic growth in each region. For the rail mode
demand projections were based on the expected growth following current rail improvements, moderated to
allow for anticipated road competition. For seaports, demand was estimated from the expected growth in
primary exports (which is a function of world trade) and growth in imports (which is a function of
expected economic conditions), and from port authority experience. The airport demand projections for
overseas and local passengers, and freight, were largely based on estimates previously prepared by the
Federal Airports Corporation. Demand projections were made for the twenty year period 1995-96 to
2014-15 inclusive.

Intercity roads

Technical assessment

The technical assessment used technical criteria to compare sections of highway to ascertain which
sections provide relatively worse levels of service. As the volume of traffic on a road rises, at a certain
point, congestion begins to set in and speeds fall. Further increases in the traffic add to congestion and as
the road approaches capacity, traffic jams ensue. The adequacy measure employed for the technical
assessment of intercity road infrastructure is the conventional traffic engineering concept of level of service
which are represented as six states corresponding to particular traffic flow characteristics. The six levels
are labelled A to F. Level of service A is an uncongested road where users do not interfere with one
another. At the other extreme, at F, the volume of traffic exceeds the maximum flow the road can handle
and traffic jams result.

The level of congestion on a road varies with the volume of traffic and the characteristics of the
road. The main data inputs into the modelling processes used by the Bureau were the number of lanes,
pavement width, shoulder width, terrain, average annual daily traffic (AADT) and the proportion of heavy
vehicles. Data was obtained for sections ranging from 0.1 to 15 kilometres in length for the 19,329
kilometres of highway.

The traffic volume and hence the congestion also varies from hour to hour. An important assumption
in the process is the distribution of these hourly volumes throughout the year. Typical profiles were
assumed, and the technical assessment was undertaken using the volume at the 100th highest hour of the
year. This provides a convenient benchmark for comparing performance of sections of road across the
infrastructure. For each section of road the level of service was estimated at the 100th hour.

If no further investment took place, most of the road network would still be providing level of
service A in 2014-15 for at least the highest 100 hours. There would, however, be several thousand
kilometres providing levels of service E or F. Most of this would be on the corridors along the east
coast. The Pacific Highway which runs along the coast from Brisbane to Sydney was the worst
performing corridor. It was also found that road performance deteriorates on the approaches to capital
cities.

7



Economic assessment

Future road investment needs were forecast by estimating the threshold AADT levels at which
generic capacity expanding investments of particular types become economically warranted. The economic
assessment was independent of the foregoing technical assessment. For roads outside of towns, four
types of project types were considered:

.widening two lane roads from 6.0 metres to 7.0 metres;

.widening two lane roads from 6.5 metres to 7.0 metres;

.doubling two lane roads, that is, two lanes to four lanes; and

.four lanes to six lanes.

Where the road network passes through towns, two lane and four lane bypass projects were
considered.

The estimates arrived at will most likely understate actual expenditure needs because of a number
of exclusions. It was not possible to consider realignment projects because state road authority databases
do not contain details of gradients and curvatures. Another important component of road investment, flood
mitigation and associated bridgeworks, similarly could not be included because of lack of data on flooding
frequency. Possible projects to move from six lanes to eight were not considered. Overheads, administra-
tion and project pre-construction costs were not .included and, based on past expenditures, these could be
expected to add 5 to 7 per cent to the expenditure totals. Reduced accident costs were not considered
because the former BTE (1985) found that they may only account for some 3 per cent of benefits from
road investment.

The economic assessment was a two step process. The first step was to estimate the threshold
AADTs at which it is economically justified to upgrade a section of open road from each standard to the
next. In the case of town bypasses threshold AADTs for both internal and external traffic had to be
estimated. The thresholds were estimated according to the optimal timing criterion described above. The
threshold occurs at the AADT where the annual benefit from the project just exceeds the gain from
delaying the project by a year (the discount rate, 8 per cent, multiplied by the capital cost.) The benefit-
cost ratio (BCR) of an investment occurring at the optimal time will vary with the rate of growth in benefits
for the years following implementation of the project. At the growth rates forecast for road traffic in this
study, the BCRs will be around 2.0 to 2.5. BCRs will be still higher where the AADT at the start of the
analysis period, 1995-96, already exceeds the threshold for upgrading.6

The threshold AADTs used in the Bureau's assessment vary with the terrain and the proportion of
heavy vehicles. Thresholds are lower for roads in more hilly terrain and lower for roads with higher
proportions of heavy vehicles. This is because, in both cases, benefits from upgrading are higher. In the
case of hilly terrain, costs of increasing road capacity are also higher but not sufficiently so to offset the

greater benefits.

In the second step of the process, the threshold AADTs for various road standards were compared
with the projected 2014-15 AADTs for each section of road. If the 2014-15 AADT figure exceeds the
threshold AADT for a particular road standard, this indicates that the optimum time to upgrade to that
standard would be in or before 2014-15. This procedure identified the investment projects warranted over

the 20 year study period.

The total estimated economically warranted expenditure for widening and adding lanes is around
$10B, and a further $1 B for town bypasses. This reflects capacity expansion to cater for higher passenger
and freight volumes. Maintenance needs are around $6.5B.

,-
,.

6 For an explanation of the relationship between optimal investment timing and benefit-cost ratios see any of BTCE
(1994b) to (1994f) or Harvey (1995). In the model described in figure 3, the benefits from an investment project will
normally grow at a faster rate than the rightward shift in the demand curve because the short-run marginal cost curve

rises at an increasing rate.
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The east coast highways linking Brisbane, Sydney and Melbourne together account for around 80%
of estimated new works expenditure requirements. 16% of total expenditure requirements occur on the 5%
of the road network within 50km of the main urban centres due to. higher traffic levels and growth rates
close to urban areas.

Railways

Technical assessment

Technical assessment of the adequacy of intercity rail infrastructure was undertaken by comparing
actual infrastructure characteristics and performance with benchmarks set to represent best practice
standards. It is not suggested that these standards are appropriate targets for an investment programme to
achieve. The standards only serve to facilitate comparisons between sections of rail track.

Two sets of standards were devised, the first specifying physical characteristics and the second,
performance characteristics. For physical characteristics the benchmark standards covered axle loads,
height clearances, ruling (steepest) gradients, gauges, level crossings, signalling systems, track structure
(including rail weight and whether sleepers are timber or concrete), track curvature, train speed and
maximum train length (determined by the length of passing loops). For performance characteristics, the
target standards were capacity relative to forecast demand, cost per net tonne kilometre, transit time,
average speed and service reliability.

For the capacity assessment, maximum practical capacities in train numbers per day were estimated
for each corridor. The practical capacity of a corridor is governed by the link with the least capacity. The
amount of capacity available in the corridor in trains per day for interstate traffic was obtained after taking
out passenger and intrastate trains. 1995-96 and 2014-15 demand projections were converted into trains
per day. As a rule of thumb, the practical capacity is some 60-70 per cent of the theoretical maximum and
represents the level of utilization at which the line can provide a level of service acceptable to shippers.

The standard for cost per net tonne-kilometre of freight was set by the corridor with the lowest cost.
Transit time standards were set with reference to the times road transport can achieve including allowance
for improvements in road performance over the next 20 years. That is not to say that rail is expected to
achieve the same transit times as road, but that rail will not be so far behind road as to make it an
unacceptable alternative in the eyes of its customers. The 2014-15 standard for rail is overnight delivery
for all corridors except for Adelaide-Perth where two days are allowed. Ideally reliability would be assessed
from the variability of arrival times but the data is not available. As a proxy, the difference between the
actual and maximum possible transit times was employed. The standard was set at five minutes difference
per 100 kilometres.

The main findings from the technical assessment were that:

.Rail weights along most of the lengths of all corridors are below the benchmark.

.The greater part of most corridors have timber sleepers which results in greater speed
restrictions and higher maintenance costs.

.All corridors east of Adelaide are deficient in clearances which restrict loading heights.

.Some gradient deficiencies exist on all eastern state corridors. Steep grades necessitate greater
loco power, restrict trailing loads, and add to fuel consumption.

.Out-dated train control and signalling systems exist on the Parkes-Adelaide, Townsville-Cairns
and Port Augusta-Kalgoorlie links.

.Curves are particularly bad on the Brisbane-Cairns and Sydney-Brisbane corridors and the
Sydney-Junee link. Tight curves restrict speed and increase resistance and wear and tear on
track and rolling stock.

Economic assessment

In order to undertake an economic assessment, it was necessary to identify potential investment
projects and to estimate their costs and benefits. The Australian National Rail Corporation (NRC) put
forward a set of infrastructure projects for a five year period which have the potential to cut journey times

9
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in each corridor by approximately 30 minutes. However, because the NRC projects only related to the next
five years, they were not considered adequate to constitute a basis for an economic assessment over a
20 year period. A much more extensive list of needed projects was developed for this purpose.

Unlike the assessment for intercity roads where the technical and economic assessments were
totally separate, for rail, the technical standards were used to develop the list of projects necessary for the
economic assessment to proceed. The projects were selected so that, in each corridor, their combined
effect was to attain the level of service performance targets developed for the technical assessment.
Corridors were given 'deficiency ratings' for each performance criterion and the projects were selected
which would bring the average level of these ratings (averaged across all the criteria) approximately up to
one. Once the list of projects had been established using technical criteria, the role of the economic
assessment was to pare the list back by removing economically unwarranted projects.

The Bureau undertook cost-benefit analyses of the projects. A project or group of projects was
counted as being warranted if its benefit-cost ratio (BCR) exceeded unity. An 8 per cent real discount rate
was employed. The evaluations were rudimentary in that they were based solely on estimated railway cost
savings (cents per net tonne-kilometre including capital and running costs of trains and variable track
maintenance costs). Only taking into account railway cost savings will usually lead to an understatement of
benefits since the values of improvements in transit times and reliability to customers are not taken into
account. The exception is projects which enable trains to increase their loads, namely longer passing loops
which permit longer trains and higher clearances and increased axle loads which increase wagon carrying
capacity. They allow the same freight task to be performed with fewer trains and engender cost savings to
the railway operator.? Whether these benefits can be realised depends on whether the market will tolerate
a reduction in service frequency, or alternatively will grow sufficiently so that the trains with higher carrying
capacity can be fully utilized without sacrificing too much frequency.

Another set of benefits excluded from the analysis is the gains accruing to new traffic generated by
improved service levels and by price reductions if the railways pass on part or all of the cost savings to
customers.

Savings on roads arising from diversion of freight from rail to road only need to be taken into
account if the road haulage industry is being over or undercharged for the costs it imposes on society or if
the diversion of freight reduces congestion on roads. For purposes of the strategic assessment being
undertaken here, it was assumed that neither of these were of sufficient magnitude to warrant inclusion.

The main findings of the economic assessment of rail corridors were that:

.About $3B of rail infrastructure investment is likely to be needed, mostly to reduce operating
costs and improve service quality, rather than to expand capacity.

.Rail investments generally have lower economic returns than road. Most of the benefits will
accrue to freight.

.Maintenance costs were estimated at $3.5B but could be $1 B higher if no infrastructure
investment is undertaken.

.Terminals will have adequate capacity provided existing investment plans are implemented.

.The Sydney-Melbourne and Sydney-Brisbane corridors are each estimated to need 29% of the
expenditure. Melbourne-Adelaide, Brisbane-Cairns and Adelaide-Perth require lesser amounts -

16%, 13% and 9% respectively. Terminals require 4%.

.Investment in intercity rail corridors is not expected to significantly effect road investment needs.

.Even if rail captured the entire intercity freight growth, this would delay timing of economically
justifiable road projects by less than 5 years.

7 If there was a shortage of capacity and this was causing reliability problems, these investments would also yield
benefits in the form of improved reliability. However, as shown by the technical assessment, demand is likely to be
below practical capacity in all corridors for the next 20 years. The savings in operating costs would therefore be the
only benefits from investments that increase train capacities.
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Seaports

Seaport capacity can be measured by the level of cargo throughput and by the delays that are
experienced for ships and cargo as congestion rises. How many ships and how much cargo will result in a
given level of congestion is a complex question as it depends on:

.the mix of vessel and cargo types;

.the configuration of berths and shore facilities;

.the flexibility in berth allocation;

.the availability and efficiency of cargo handling equipment;

.working hours and labour availability and productivity; and

.the pattern of ship arrivals and cargo exchanges per ship call.

For the technical assessment, the approach adopted was to develop indicators which provide an
assessment of the degree of utilization of infrastructure. The key indicator used for assessment of
adequacy was berth occupancy, that is, the percentage of time that a ship is alongside the berth. The
analysis was undertaken for non-bulk, dry bulk and liquid bulk berths at each port. In calculating
occupancy for years beyond 1992-93, it was assumed that cargo handling productivity (in terms of tonnes
per berth hour or equivalent) will increase at a rate of 2 per cent per annum throughout the study period.

As a general guide, a general-user berth is likely to be adequate until the berth occupancy ratio
rises above 60 per cent. Where the berth is used by a single user (who is able to schedule the shipping)
the berth can still be adequate at berth occupancy ratios of up to 90 per cent.

At most Australian seaports there is under-utilized berth capacity which will meet expected future
demand. The main conclusion from the technical assessment is that there is under-utilized capacity at
most Australian ports so that facilities are expected to be adequate for the freight task over the next
20 years. Reasons for this excess capacity include service competition between ports, indivisibilities in
investment, improvements in port productivity and changes in ship technology.

Detailed simulation of all aspects of port operation with computer models is the most reliable
technique for evaluating berth and port capacity. However, it was not feasible to develop simulation models
for the 14 seaports being considered in this study. It was therefore not possible to undertake any
economic assessments of port infrastructure needs. Information was collected on investment projects
totalling $638M. At a rough guess, infrastructure investment needs for the 20 year study period are likely
to be less than $1 B. These investment projects will be most for safety and freight efficiency reasons rather
expansion of capacity.

Airports

The assessment of airport infrastructure was undertaken largely by comparing design/maximum
capacities for the various infrastructure components with forecast demand capacities and the use of
volume/capacity ratios. Based on historical and cross-section data, mathematical relationships were derived
for the following:

.aircraft movements per annum and passengers per annum;

.international terminal areas and international passengers per annum;

.domestic terminal areas and domestic passengers per annum;

.runways and aircraft movements per annum;

.taxiways and aircraft movements per annum;

.taxiways and passengers per annum;

.aircraft park,ing positions and aircraft movements per annum; and

.aircraft parking positions and passenger movements per annum.
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Using these relationships, future infrastructure needs were estimated by extrapolating on the basis of
forecast future aircraft and passenger movements.

In determining the need and timing for development of third runways at major airports, a benchmark
of 230,000 movements per annum was applied to the forecast annual aircraft movements. This figure
represents the level of operations at Sydney airport in 1994-95, the year of the upgrade to a parallel
runway system. In using the Sydney benchmark, it is implicitly assumed that the mix of aircraft and the
peak periods at Brisbane and Melbourne are similar to those at Sydney. It is also noted that the curfew
free operations at these two airports may permit some deferral of the runway investment. It was assumed
that aircraft movements increase less than proportionately with forecast passenger movements.

Investments in additional terminal area, gates, aerobridges and apron parking positions are best
undertaken in relatively small increments as this creates less disruption to services. As such it lends itself
well to the method employed for predicting future investment needs of linear extrapolation with demandforecasts.

Airport infrastructure expenditure of at least $3B is likely to be needed to meet passenger needs.
Spending on terminal expansion comprises nearly two-thirds of this. Sydney, Brisbane and Melbourne have
the highest needs. Third runways may be required at Melbourne and Brisbane airports around the years
2010 and 2015, respectively. Sydney airport is not expected to reach capacity before 2014-15, but
construction of the new proposed airport to the west of Sydney will ensure there will be no runway
capacity shortfall in the Sydney area.

Urban roads

The worst bottlenecks in the transport system appear to be associated with roads in or near the
main urban areas. Most of the nation's non-bulk road freight travels in these areas for part or all of its
journey. Inadequacies are forecast to occur on most of the highways for some distance before they reach
the main urban areas. Once inside them, the congestion problems are well known. Despite its significance
in the overall picture, the urban road part of the study was the most restricted by data deficiencies so only
rudimentary technical assessments were possible.

Major freight carrying corridors were selected in the five mainland state capitals and speeds and
numbers of intersections per kilometre were compared. The network strategies of the responsible state
governments and relevant transport studies were reviewed for these cities. Subjective assessments were
then made based on this information. Sydney has the worst congestion problems affecting freight traffic
followed by Melbourne, then Brisbane. State authority plans to upgrade and widen existing roads and to
construct new freeways will ameliorate many of the congestion problems affecting freight arising from a
lack of limited access primary roads. Common features of these plans include ring roads and Central
Business District bypasses. It was not possible to estimate total investment needs.

CONCLUSION

Australian transport infrastructure adequacy

Comparing the modes for the infrastructure covered in the study, road is expected to make by far
the greatest demands for infrastructure spending to meet projected demand growth over the next 20 years.
Compared with recent levels of spending, the amounts projected by the study do not represent a
substantial increase on past levels of expenditure on transport infrastructure.

Comparing corridors, the results of the adequacy assessment suggest that the required expenditure
patterns are likely to be significantly different from recent past allocations with the eastern mainland states
increasing their shares. In the case of intercity roads, Queensland and New South Wales would have
larger shares of spending on new construction compared with past allocations. The difference is due
mainly to the fact that the estimated future requirements in this study have been largely determined by
demand and level of service factors without reference to notions of regional balance. It has not been
possible to make similar comparisons with past expenditures for the other modes but the greatest
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demands for infrastructure spending have been shown to be in the eastern states. For urban roads
Sydney, Melbourne and Brisbane will be most in need of funds and for airports these three cities are
expected to account for about three-quarters of infrastructure expenditure. For rail, the corridors east of
Adelaide on the mainland have been shown to be most in need of upgrading.

It is significant that the factors driving future infrastructure requirements differ between modes. In the
case of roads and airports, investment needs are driven by the fact that demand is expected to approach
capacity limits which will raise costs and reduce service levels unless capacity is expanded. For rail,
capacity limits are less of an issue. Investment is warranted primarily to improve levels of service provided
by the infrastructure which will reduce operating costs both for the railways and for their customers who
benefit from time savings and improved reliability. Similarly for seaports, improving service levels and
operating efficiencies are behind much of the investment. Indeed for seaports, there is excess capacity.
Other factors behind future investment in port infrastructure include changes in land use and improvements

in safety.

It may be thought that due to substitutability between modes, investment in one mode would lead to
a lessening of demand and hence investment needs for another mode or modes. The most likely
candidate for this scenario is investment in rail affecting road investment needs. However, there is limited
scope for substitution between the modes. Each mode has its own strengths and weaknesses in terms of
the combination of price and quality attributes it can offer and freight consignors will have widely varying
preferences determined mainly by the type of freight and distance to be transported. Much freight is
captive to one mode for the relevant range of prices and qualities offered by the mode. It is only in limited
segments of the freight market where consignors preferences are such that two modes would be
alternatives and a price or quality change v/ould cause a switch. In the case of roads, on the corridors
considered by this study, only a small proportion of the traffic volumes creating the investment needs is
freight traffic moving between corridor ends. Most traffic consists of passenger vehicles and trucks entering
or leaving the corridor at intermediate points. It was estimated that if rail were to capture all the forecast
growth in intercapital freight, the timing of economically justifiable road projects by less than five years for
the Sydney-Melbourne corridor and less than three years for the other corridors.

Future Australian strategic transport planning

The present study was the first of its type to be carried out for all modes of transport and on a
national basis. A national network assessment offers perspectives that are not provided by more limitedstudies. 

Long-term strategic assessments of infrastructure requirements can assist governments to ensure
that sufficient funds are available to maintain a high level of performance from the transport system, and to
target those funds to where they will produce the greatest benefits. While economic evaluations of specific
projects are essential to ensure efficient use of funds, these evaluations will not lead to the best outcomes
unless they can be related to the long-term national context. This is where strategic assessments have
particular value. Without them, there is a danger that the investment projects yielding the highest benefits
may not be given the appropriate priority.

As was discovered in the course of the present study, serious deficiencies exist in the availability of
data about both the characteristics and the usage of transport infrastructure. Such deficiencies severely
curtail the ability to undertake large scale strategic assessments of infrastructure. Development ofnationwide, 

standardised databases on infrastructure characteristics, usage and performance for all modes
will enable more rigorous and detailed strategic assessments to be undertaken in time for strategic
expenditure decisions. Developing and maintaining databases is not costless but such databases can yield
benefits far in excess of costs if they assist planning so as to improve resource allocation within the
transport sector and between the transport sector and other sectors. Planning, supported by good data and
analysis, can also help governments to ensure that transport infrastructure is adequate in the future to
meet the needs of industry as the economy grows. This will help the transport industry to make its
contribution to developing a more efficient and internationally competitive economy.

The Taskforce recommended that the BTCE 'continue to refine and build upon the review of national
strategic transport infrastructure undertaken for the Taskforce, with similar reviews being undertaken every
five years'. It was further recommended that the BTCE 'coordinate the collection, maintenance and
reporting of data necessary for national strategic decision-making in transport' (NTPT 1994). Improved
databases along with continued development of models to predict the service levels offered by each mode
of transport given demand and infrastructure characteristics, will enhance the ability to implement the

methodology just described.
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ABBREVIATIONS

AADT

BCA

BTCE

NAC

NTPT

SAMC

Annual average daily traffic

Benefit-cost ratio

Bureau of Transport and Communications Economics

National Rail Corporation

National Transport Planning Taskforce

Short-run marginal social cost
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MODERN TRANSPORT SYSTEMS IN THE GLOBALIZED ECONOMY

N.K. Gopalan Nair
Multimodal Transport Association

Bombay

INTRODUCTION -LIBERALIZATION

We have entered an era where developments in trade, transport and technology are re-shaping our

ives.

A major liberalization of international trade was achieved by some 125 countries signing the General
Agreement on Tariffs and Trade (GATT). This was followed by the establishment of the World Trade
Organisation (WTO) for monitoring the implementation of the GATT. Several regional blocs have already
sprung up in different regions of the world for promoting regional free trade such as the European Union,
North American Free Trade Agreement, Latin American Free Trade Association and the ASEAN Free
Trade Agreement. Liberalization of the economy has been adopted as a major national policy in most
countries. Faster modes of transport have been pressed into service for catering to international trade
and sophisticated information technologies have been adopted in trade and transport. The world has
become "smaller" and the world community more interdependent. According to the latest report from the
WTO, the world trade in goods increased by 9 per cent in 1994, the highest rate of increase for nearly

two decades.

Liberalization of trade and globalization of the economy have brought into play conditions of freedom
-freedom of enterprise, freedom to invest and produce, freedom to adapt to changing conditions and last
but not least freedom to compete. Competition should be welcomed as it is bound to effect improvement
in the quality of products and services and enable the fittest among manufacturers, traders and transport
providers to survive and prosper.

IMPACT ON TRANSPORT SECTOR

It is the competitive environment resulting from the globalized economy. that is having increasing
impact on the organization of the transport sector. If goods have to be competitive in the international
market, it is not enough if the production costs are kept low. The whole range of transport services
commencing from raw material sourcing to delivery of the finished products to the consumers, customers
or market centres have to be equally economic and efficient. Such transport services include not only the
modes of transport but also elements like handling at ports and inland clearing depots, packing,
warehousing etc.

JIT CONCEPT

Efficiency and speed in transport are particularly important in order to ensure timely delivery of the
goods at destinations "just-in-time" (JIT). The JIT concept is being increasingly adopted in international
trade to enable buyers to maintain their inventories at the lowest possible level and to replenish them by
receiving supplies just when they are required. This concept in its broadest sense applies to all phases of
production, transport and distribution and is intended to enable the manufacturer or supplier to meet the
customer's requirements in regard to quality, cost and delivery time. It has brought about a closer
relationship between the buyer and seller in international trade and has become part of the larger concept
of customer oriented service which has assumed crucial importance for gaining a competitive edge in
international trade.
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How has the transport industry been responding to this emerging competitive environment in trade?
The last few decades have already witnessed several developments of far reaching importance in different
modes of transport. These include technological developments in the design and construction of ships for
catering to different types of cargo, innovations in cargo handling techniques on ships and at ports,
containerization and other forms of unitization of cargo, the introduction of tractors/trailers and other
vehicles for movement by road/rail, the steady rise in the movement of air cargo, the production and
operation of all-cargo aircraft, the emergence of courier and express air service operators, the provision of
groupage and consolidation services to assist small exporters and lastly -and most importantly -the
advent of multimodal transport systems as the most modern concept of transport.

CONTAINERIZATION

The advent of containerization in the 1960s is probably the most outstanding technological innovation
in transport in modern times. It is the result of extensive research and experimentation carried out to
co-ordinate all forms of transport and achieve an efficient and economic through transport system.
Besides, in maritime transport, there were certain special problems faced by operators of liner ships.
While the introduction of fast ships had substantially reduced the steaming period of voyages, this
advantage was to a large extent being lost by the detention suffered by ships at ports. Furthermore, the
steady increase in the loading, discharging and shore handling expenses had been causing serious
concern to liner operators. Containerization helped to minimize both port delays and cargo handling
expenses. During recent years, there have been many refinements in the design and construction of
containers in order to adapt them to the carriage of different types of commodities under different
conditions. Apart from the general cargo containers which constitute the vast majority, there are several
specialized types such as reefer container, ventilated container, bulk container, tank container, livestock

container and so forth.

From the point of view of shipowners, the main advantage of containerization is that it will lead to
reduction in costs and increase in earnings on account of:

Savings in loading, discharging and shore handling expenses;(a)

Savings in time spent at ports and the consequent saving in fuel costs and indirect costs;(b)

More effective utilization of ships by the performance of additional voyages resulting in extra

earnings;
(c)

Significant cost reduction secured by carrying larger volumes of cargo without corresponding
increases in port time (container ships are generally larger than conventional general cargo

ships);

(d)

Reduced liability for claims on account of less susceptibility of cargo to damage, pilferage and

contamination.
(e)

From the point of view of the shippers, the exporters or the manufacturers, the main advantages of

containerization are:

Simplification of customs formalities and elimination of time consuming documentation proce-

dures;
(a)

The door-to-door container services lead to substantial reductions in transport costs on various
accounts, viz. saving in handling and warehousing costs, handling of cargo in bigger lots,

quicker transport, reduced packing costs etc.;

(b)

Greater protection to cargo against damage, pilferage and contamination and consequent

reduction in insurance costs.
(c)

Apart from these benefits, containerization facilitates the promotion of trade on account of its inherent
advantages. For example, the insulated mechanically refrigerated container which can carry frozen goods
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from door-to-door can provide a much better service than that given by the conventional methods of
loading and unloading from the refrigerated holds in ships. Similarly, the special containers designed to
carry bulk liquids, powdered material, cars, livestock, etc. are u'ndoubtedly an improvement on the
conventional methods of transporting such commodities by ship. Fresh products like vegetables and fruits
can be carried in closely controlled temperature in containers giving better quality and longer life atdestination.

CONSOLIDATION

The advantages of containerization have greatly facilitated the trend towards consolidation or
groupage which is usually provided by freight forwarders. Essentially, consolidation means assembly of
small parcels of cargo from several consignors at one point of origin intended for several consignees at a
point of destination for delivery of the individual consignments to the respective consignees. The
consolidator issues his own house bill of lading or receipt to the consignor of each parcel against the
production of which delivery to the consignee will be effected by the consplidator's agent at the destination.
The individual consignors/consignees do not deal with the carrier direct. To the carrier, the consolidator is
the consignor and the latter's agent at the destination is the consignee. The carrier accordingly issues the
consolidator a master bill of lading or consignment note in respect of the consolidated consignment. The
consolidator may also undertake pick up and delivery services at the points of origin and destination and
also door-to-door services if so desired by the consignor/consignee.

When a forwarder provides consolidation services he buys shipping space "wholesale" from the
carrier and sells it "retail" to the individual shippers. In the wholesale transaction he is able to negotiate a
lower freight rate with the carrier, the benefit of which he passes on partly to the individual shippers who
would have paid a higher rate if they had approached the carrier direct. Consolidation benefits all
concerned. The carrier does not have to take the trouble of handling individual consignment; he benefits
by the more intensive utilization of his carrying capacity. The individual shippers -usually small shippers
-get the benefit of rates lower than what they would have paid, if they were to deal with the carrier direct.
The consolidator is also financially benefitted to the extent of the difference between what he charges his
customer and what he pays to the carrier. Consolidation is thus an area where both freight forwarders
and carriers can cooperate to their mutual advantage and bring about savings in the cost of transport to
make exports more competitive.

MUL TIMODAL TRANSPORT

But the more far reaching impact of containerization has been the introduction of multimodaltransport. 
The concept of multi modal transport is based on the principle that maximum efficiency and

economy can be achieved if goods are transported from door-to-door on the basis of a single contract and
a through freight rate. Multimodal transport services have become wide-spread in developed countries but
its progress in developing countries has been slow. It would therefore be useful to spell out briefly the
advantages of multi modal transport:

(a)

(b)

Loss of time and risk of loss, damage, pilferage and contamination incidental to conventional
segmented transport are reduced to the minimum;

To the trader, the faster transport of goods reduces the disadvantages of distance from the
market and of capital being tied up;

The burden of documentation and other formalities connected with segmented transport is
reduced to the minimum;

(c)

(d)

(e)

The resultant cost savings tend to reduce the through freight rates and cost of cargo

insurance;

The consignor has to deal with only one agency, viz. the MTO in all matters relating to the
movement of his goods including settlement of claims;

The through rates offered by the MTO make it easier for the exporter to negotiate salescontracts with foreign buyers on the basis of delivered prices; .(f)
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The MT document issued by the MTO at an inland point enables the exporter to negotiate it
with a bank and realize the money for his exports more quickly;

(g)

The above-mentioned advantages help to reduce the cost of exports and improve their
competitive position in the international market.

(h)

A recent study carried out by UNCTAD has emphasized the importance of an efficient multimodal
transport system for promoting the economies of developing countries.

COMBINATION MODES

There are different combination modes used in mutimodal transport but as the maritime sector
continues to dominate international trade, the sea leg is often the most important component. There are
however exceptions when other segments like air, road and rail are also dominant. In particular, air
transport is becoming increasin~y popular in combination with ocean carriage. In actual practice, the
combination modes used depend on several factors such as the trade routes, transhipment points, the
nature of the commodities to be moved and the availability of different economical and safe modes of
transport. The more important combination modes used are mentioned below:

Sea/air: This combines in itself the economy of sea transport and the speed of air transport
and has become increasingly popular in international trade routes like the Far East/Europe
route. It is also being used by exporters in India who ship their goods to Middle East
destinations. The economics of this combination mode favour high value items like electronics,
electrical goods, computers and photographic equipment as well as goods with high seasonal
demand such as toys and fashion wear.

(a)

Air/Road (truck): Pick up and delivery services by road transport are usually incidental to
air transport and these do not, strictly speaking, form a component leg of the multimodal
transport system. But apart from this, road transport is now being increasingly used,
particularly in Europe and the United States of America, for trucking air freight over long
distances, sometimes across national boundaries, to connect with the main bases of airlines
operating long haul services. Several airlines are building up a number of trucking hubs in
Europe to act as focal points for road based feeder operations.

(b)

Rail/road/inland waterways -sea/rail/road/inland waterways: This combination mode is
in common use when goods have to be moved by sea from one country and one or more
inland modes of transport such as rail, road or inland waterways have to be used for moving
the goods from an inland centre to the seaport in the country of origin or from the seaport to
an inland centre in the country of destination.

(c)

Mini-bridge: This involves the movement of containers under a through bill of lading issued
by an Ocean Carrier, by a vessel from a port in one country to a port in another country and
then by rail to a second port city in the second country terminating at the rail carrier's terminal
in the latter city. The mini-bridge offers the consignor a through container rate inclusive of the
rail freight up to the final port in the country of destination. The railways are paid a flat rate
per container by the Ocean Carrier for the rail transit. This system is in operation on certain
routes covering the trade between the United States and the Far East, United States /Europe,

United States/Australia etc.;

(d)

Land-bridge: This system concerns itself with shipment of containers overland as a part of
a sea-land or sea-land-sea route. In this case also, the railways are paid flat rate by the
ocean carrier who issues the through bill of lading. This system is in operation for the
movement of containers on certain important international trade routes such as:

(e)

between Europe or the Middle East and the Far East via the Trans-siberian land-bridge;(i)

between Europe and the Far East via the Atlantic and Pacific Coasts of the United States
or Canada, the North American leg being used as a land-bridge.

(ii)
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(f) Piggyback: This is a combination of transport by road and rail. It has become popular in
North American and European countries because it combines in itself the speed and reliability of
rail on long. trunk hauls with the door-to-door flexibility of road transport for collection and delivery.
The goods are packed in trailers and hauled by tractors to a railway station. At the station, the
trailers are moved on to railway flat cars and the tractors which stay behind are then
disconnected. At destination, tractors again haul the trailers to the warehouses of the consignee.

A variation of this system is so-called "trailer train" which uses the same trailer as a vehicle on the
road and a rail vehicle on the rail. In other words, the trailer moves on its wheels as a truck on the road
but the wheels can be retracted by an air suspension system and connected to a rail bogie for movement
by rail. At the end of rail journey, the conversion back to the road vehicle is effected for delivery of the
goods to the customers.

This sophisticated system is also being introduced in some of the developing countries of the Asia
Pacific region as well. For example in India, the Pune based Kirloskar Pneumatic Company is
manufacturing road railers which have two separate components -the chassis with truck wheels on whichthe 

closed truck-like body is built and the bogie, the rail mounted flat frame. By means of the air
suspension system the truck is converted into a rail wagon.

Sea train: This is another innovation involving the use of rail and ocean transport. It was
originally adopted in the United States. It is similar to the roll-on, roll-off system except that in
the place of the ro-ro vehicle, a rail car is used so that geographically separated rail systems
can be connected by the use of an ocean carrier.

(g)

TYPES OF MULTIMODAL TRANSPORT OPERATORS

There are also different types of organizations or enterprises functioning as multi modal transportoperators 
but essentially, they may be grouped under two categories:

Vessel operating MTOs who may be individual shipping companies or groups or consortia of

shipping companies;
(a)

Non-vessel operating MTOs consisting mostly of freight forwarders and also operators providing
transport services by road, rail or air. Seafreight forwarders providing multimodal transport
services are often known as non-vessel operating common carriers (NVOCCS).

(b)

DOCUMENTARY CREDIT

Trade and transport inevitably involve documentary procedures. In international sales transactions,the 
seller and the buyer often do not know each other and are located in countries thousands of milesapart. 

They are often not in a position to conduct their commercial transactions on trust. The seller is
reluctant to part with his goods unless he is assured of payment; equally, the buyer is reluctant to part
with his money unless he is assured of the possession of goods. In order to reconcile the conflicting
interests of both the parties and to provide a mechanism for payment in such situations, the International
Chamber of Commerce has evolved what is known as "Documentary Credit". In simple terms,
documentary credit means payment against documents instead of against goods. The documents transfer

title to the goods.

The documentary credit is operated through banks. When a sales contract is concluded according
to which payment is to be made under documentary credit, the buyer arranges with his bank to open a
letter of credit in favour of the overseas seller. The buyer is not required to pay for the goods until the
arrival of the relevant shipping documents. The seller on receipt of a letter of credit, arranges for the
shipment or transport of the goods and then presents the documents stipulated in the credit to the
negotiating bank. The latter then makes the payment after verifying that the documents have been drawn
up strictly in accordance with the terms of the credit. They are then passed on to the issuing bank for
reimbursement of the payment. When once the issuing bank and the buyer are satisfied that the
documents are in order, the issuing bank raises the debit against the buyer who takes possession of the

documents in order to take delivery of the goods.
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Although the Uniform Customs and Practice for Documentary Credits has been recently raised by
the International Chamber of Commerce (UCP-500) after taking into account the special requirements of
multimodal transport, some of its provisions still constitute an obstacle to the effective use of modern
information technologies like electronic data interchange (EDI). (The use of EDI as a facilitation measure
is dealt with elsewhere in this article). These provisions inter alia allow the issuing bank, the confirming
bank or any other bank acting on their behalf a period not exceeding 7 days each to examine the
documents presented by the seller in order to determine their acceptability. This is evidently out of tune
with the efficiency and speed expected out of multimodal transport services and would in effect be harmful
to the interests of transport operators as well as all the parties involved in international sales transactions.
This paper based system may also be open to other risks such as fraud, forgery etc.

Banks and corporate bodies have moved away from a paper based documentary credit system and
switched to electronic data interchange for banking transactions. The interbank SWIFT (Society for
Worldwide Inter-Bank Financial Telecommunications) system is being widely adopted for transmission of
messages for money transfer and letters of credit.

INCOTERMS

The trade terms or the so-called "Incoterms" which often provide the general basis of contract
between the seller and buyer in international trade has some relevance to multimodal transport although
they do not affect the relationship of either party with the carrier/multimodal transport operator.

The Incoterms (International Rules for the interpretation of trade terms) which have been evolved by
the International Chamber of Commerce deal with the delivery conditions between buyer and seller, their
main purpose being to apportion the costs and risks of the transport operations between the two parties.
In other words, these terms determine at what points the seller has fulfilled his obligations so that goods in
a legal sense could be said to have been delivered to the buyer. These terms are optional in the sense
that they become operative only when the parties to the contract agree to apply them.

With the advent of multi modal transport, some of the traditional terms such as f .o.b. (free on board)
and c.i.f. (cost, insurance and freight) under which the "ship's rail" was considered to be the critical point
for the division of responsibility between the seller and buyer were found to be no longer suitable. Under
the multimodal transport system, the critical point has moved ashore to container freight station or inland
container depot. The traditional terms have accordingly been revised to conform to the concept of
multimodal transport.

Under the revised terms, the term "Ex Works" represents the minimum obligation for the seller since
the buyer bears all costs and risks involved in taking the goods from the seller's premises and arranging
for their transport to the desired destination in the buyer's country. At the other extreme, the term
"Delivered Duty Paid (DDP) imposes the maximum responsibility on the seller as the goods move from
origin to destination at the seller's risks and costs. In between, there are several other terms under which
there are variations in the respective responsibilities of the seller and buyer.

It would be advisable for the MTO to ascertain on what terms the goods move so that he knows
where the responsibility of the seller ends and that of the buyer begins. The buyer may appoint a forwarding
agent as his representative in the seller's country and the latter himself may act as the MTO. In such cases,
the MTO must be aware of the conditions of sale or purchase of the goods entrusted to his care.

INFRASTRUCTURE

Multimodal transport requires efficient transport systems supported by efficient infrastructural and
institutional facilities so that goods move smoothly and rapidly door-to-door and reach their destination in
time, safe and sound. Essentially, the infrastructural facilities would cover the following areas:

Shipping services: There should be regular, scheduled, efficient competitively priced
container shipping services. Ideally, there should be a guaranteed departure time, guaranteed
delivery time. regularity and frequency of service, direct service without transhipment or
warehousing en route and acceptable overall rate structure.

(a)
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(b) Ports: Strategically located ports should be fully equipped to handle container ships of any
size efficiently and quickly so as to cause minimum detention. In particular, ports should be
adequately equipped with container terminals, container handling equipment, container yards,etc. 

and the operations should be professionally managed. The productivity of a port in this
respect is usually reckoned in terms of containers handled per crane per hour.

Inland clearance depots/container freight stations: A network of inland clearance depots/
container freight stations located preferably in industrial and commercial areas is necessary for
the movement of containerized goods to and from gateway ports. They should be provided
with all necessary facilities for stuffing and de-stuffing containers and also customs clearance
and quarantine facilities.

(c)

Rail transport: The inland depots need to be connected with ports preferably by rail, when
they are separated by long distances because rail transport is particularly advantageous for
carrying large volumes of cargo over long distances at comparatively low costs. Rail traffic
has to be adapted to container traffic. In particular, rolling stock has to be adapted to the
inter-changeability of containers of different sizes by the provision of adequate number of
suitable rail vehicles. Besides, rail terminals with sufficient transhipment equipment in close
proximity to container terminals should be established. There should be specialized container
services capable of offering scheduled regular services with guaranteed departure time and
guaranteed delivery time involving, as far as possible, no transhipment en route.

(d)

Road transport: There should be an adequate supply of road vehicles capable oftransporting 
containers not only to effect local distribution but also for long haul services where

rail links do not exist. Road transport has the inherent advantages of flexibility, door-to-doorservices, 
reliability, speed etc. Roads have to be strengthened for the carriage of ISO

containers and have to satisfy the physical and technical requirements in regard to width,
gradient and minimum free height for the carriage of such containers. Bridges should also be

suitably designed for the purpose.

(e)

(1) Inland Waterways: The movement of containerized cargo by inland waterways is not
generally very popular as a component leg of the multi modal transport system. The River
Rhine may be an exception. Nevertheless, container movement by inland waterways has been
taking place in several developed countries of Western Europe. In order to realize the benefits
of this system, the inland vessels require a minimum number of containers for economic
viability and for maintaining a reasonable frequency of service.

INSTITUTIONAL FACILITIES

Simultaneously with the provision of physical infrastructural facilities, it is also necessary to introduce
institutional changes to facilitate smooth multimodal transport operations. These would necessitate changes
in procedures, practices, documentation, data processing etc. relating to customs inspection, port opera-
tions and other associated activities. For example, when cargo moves multi modally through a port, the
port's functions become limited mainly to transit operations and consequently, the port operations would
require re-or~anization to some extent to meet the requirements of expeditious delivery of containerized
goods to inland modes of transport such as road and rail. The customs procedures would need to be
modified so that customs examination of the goods is carried out not at the ports but at the inland
clearance depots or container freight stations where goods are taken in charge by the MTO from the

consignor or delivered by the MTO to the consignee.

TRADE FACILITATION

In any transport system, the physical movement of goods alone does not complete the transport
picture. There is also the movement of information relating to the goods which needs to be equally
efficient and expeditious if speedy delivery of goods at destination is to be effected. This however involves
several procedural and documentary formalities on the part of commercial parties and governmental
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agencies such as seller/consignor, buyer/consignee, insurer, carrier, banks, ports, customs and foreign
exchange control authorities. It is here that the need for trade facilitation arises. Trade facilitation means
essentially simplification, harmonization and standardization of trade documents and procedures in order to
avoid delay and detention of goods moving in international trade and at the same time meet the essential
requirements of the commercial parties or public authorities concerned.

The main aspects of trade facilitation are:

(a)

(b)

(c)

procedures (elimination of non-essential formalities);

documentation -simplification and standardization to an aligned series;

data processing system -introduction of modern technologies.

DOCUMENTATION AND PROCEDURES -CUSTOMS

Documentation and procedural formalities are interlinked. The bulk of these formalities concern the
customs and port authorities. In the field of customs, there are several international conventions which have
been evolved in order to simplify and harmonize customs transit procedures. The basic aim of these
conventions is to lay down procedures whereby goods pass through a number of countries with the minimum
of customs control during the journey and without the need for national documentation (which is replaced by
international declaration) and national guarantees (which are replaced by international security arrangements).

CUSTOMS INSPECTION

There is, however, at present a possible constraint in the field of customs formalities which tend to
impede the smooth and speedy movement of goods in international transport, particularly in multimodal
transport. Comprehensive physical inspection of containerized cargo at sea ports or air ports is
incompatible with the requirements of door-to-door transport and could lead not only to delay in the
movement of goods but also consequent extra cost and risk of loss or damage. Besides, such detailed
physical inspections hinder port operations and may give a port an unfavourable international reputation
resulting in carriers boycotting such ports or raising their rates for calling. Most developed countries have
adapted their customs inspection procedures to meet the needs of smooth multi modal transport operations
by carrying out selective inspections at the ports or carrying out inspections at the traders' premises.
Many developing countries, however, continue to follow the traditional practice of detailed inspection to the
detriment of their competitive advantage in through-transport techniques.

Another closely related issue is the restriction on the hours during which normal customs services
are available at the ports in most countries. Outside these hours, such services may be available in some
countries at prohibitive rates. The non-availability of customs services or their availability outside normal
working hours at prohibitive rates slows down port operations and adversely affects the competitiveness of
the transport sector. Air transport operations and particularly courier and express operators could be
seriously handicapped by non-availability of customs services round the clock. It is therefore very
desirable that port authorities including airport authorities should review the situation arising out of restricted
customs hours.

Perhaps, the Customs Co-operation Council could examine these issues relating to customs
inspection during their current revision of the Kyoto Convention and lay down suitable guidelines for
customs inspection particularly in order to facilitate multimodal transport operations.

PORT PROCEDURES

The need for simplifying and re-organizing port procedures has been referred to earlier. The
International Convention on Facilitation of International Maritime Traffic which was adopted in 1965 is
intended to facilitate maritime traffic by simplifying and minimizing the documentary and procedural
formalities connected with the arrival, stay and departure of ships engaged in international voyages.
Although the convention has no direct bearing on multimodal transport, the implementation of its provisions
would undoubtedly facilitate multimodal transport when it includes a sea-leg.
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ALIGNMENT OF DOCUMENTS

An important aspect of facilitation in documentation is alignment. As stated earlier, between buyers
and sellers in international trade, there are several interested parties involved such as carriers, forwarders,
banks, insurers, ports and customs authorities. All these parties have their own requirements in regard to
documentation connected with the movement of goods but much of the information required by them is
identical. This has paved the way for alignment of documents on the basis of a standard layout key. The
layout key evolved by the Economic Commission of Europe (ECE) and approved by other international
organizations like the International Chamber of Commerce and the International Federation of Freight
Forwarders Association (FIATA) has been widely accepted. It specifies a common location of space for
identical basic information for all documents aligned to it. Information required in any particular document
but not appearing in the layout key will be placed in the "free disposal area". This makes it possible for
one master format to be used for the preparation of several documents, thereby reducing cost and
minimizing risks of errors.

Other steps for simplification of documentary procedures include elimination of non-essential docu-
ments and acceptance of one document by several agencies/authorities to meet their respective
requirements. For example, it has been reported that in some countries, the international airway bill
serves not only as a contract of carriage but also as a commercial invoice. In rail transport, some
countries have waived the requirement for a specific customs document and are accepting instead a copy
of the railway consignment note. It should therefore be possible to accept any transport document for
purposes of customs transit procedures. In fact, the guidelines on customs procedures laid down in the
United Nations Convention on Multimodal Transport contain a specific article to the effect that the customs
authorities of transit countries shall accept the multimodal transport document as the descriptive part of the
customs transit document.

FACILITATION BODIES

Trade facilitation has engaged the attention of Facilitation Committees established by individual states
at the national level as well as international bodies like FALPRO established by UNCTAD. For example in
India, the Indian Institute of Foreign Trade has evolved standardization of several documents used in trade
and transport based on the ECE layout key. Its latest work in this field has been the standardization of
pre-shipment export documents which would enable exporters to prepare most of the pre-shipment
documents aggregating as many as twenty-five from two master documents.

INFORMATION TECHNOLOGIES -EDI

In the context of modern communication and information technologies, however, paper documentation
is fast becoming out-dated and is being replaced by computers. The latest development in this field is
Electronic Data Interchange (EDI), i.e. the electronic transfer of computer processable data relating to
business or administrative transactions using an agreed standard to structure the data. It provides for the
exchange of data between buyer, seller and other agencies like carriers, forwarders, banks etc. involved in
international trade and transport. It is synonymous with "paperless trading" and its main advantages are
speed, economy and efficiency in the movement of cargo enabling "just-in-time delivery" at destination.
Freight booking, invoices, purchase orders, payment instructions, manifests, airway bills, customs entries,
tracking of consignments and many other transactions may be effected through EDI.

Developing countries, particularly those in the ESCAP region, are in different stages of adaptation to
this technology and have taken several initiatives for this purpose. For example, "Community" systems
comprising the different agencies concerned have been formed at the national level in Singapore
"Tradenet" and in Hong Kong "Tradelink" so as to enable the EDI system to serve the community as a
whole. The intention is that such community systems could be linked later to international systems like the
EDIFACT (Electronic Data Interchange for Administration, Commerce and Transport) sponsored by the
United Nations which provides a common language for electronic interchange of business data between
the various parties involved in international trade.

There is an Asia EDIFACT BOARD of which many countries of the Asia Pacific region are members.
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PROBLEMS OF LAND-LOCKED COUNTRIES

land-locked countries most of which are in their developing stage face special problems in interna-
tional trade. Unlike maritime states they have no access to the sea and have no sea-ports. Their
international trade therefore entails transit of goods through one or more neighbouring states for which the
land-locked countries have to negotiate. Air transport may provide a solution to the problems faced by
land-locked countries in this respect but it entails high cost and is also often not suitable for the movement
of all types of commodities to and from land-locked developing countries.

Cooperation between land-locked and neighbouring transit countries is therefore essential to the
solution of transit-transport problems. The agreement entered into by land-locked Nepal and India under
which goods moving in Nepal's international trade pass through the Indian port of Calcutta is an example
of such cooperation. A more broad based agreement was recently entered into by India with the Islamic
Republic of Iran and Turkmenistan. This provides for the international carriage of goods by road and rail
from Central Asia to Iran and through it to India in vehicles registered in any of the three countries.

ESCAP REGION ECONOMIC GROWTH

After having dealt with the global scenario in general, it would perhaps be useful to outline briefly the
position of the ESCAP region.

According to all indications including the studies carried out by international bodies like the OECD,
the World Bank and the Asian Development Bank, the Asia Pacific region is poised for rapid economic
growth surpassing the growth of other regions in the world. In fact the 21 st century has been named by
many as the "Century of the Pacific". Regional trade agreements like the ASEAN Free Trade Agreement
and the South Asia Preferential Trade Agreement which have sprung up recently are giving a fresh
impetus to the intra-regional trade. For example, in the case of India, there has been a shift in the
direction of its foreign trade, the direction of its exports having turned recently more towards East Asia
than to Western countries. About 43 per cent of India's global exports during 1993-94 were bound for
East Asia and the Ocean a making a shift away from Western Europe. The so-called Asian tigers, viz.
Japan and the Association of South East Asian Nations (ASEAN) registered a gross domestic product of 8
per cent on average last year creating demand for India's exports.

CONTAINER TRAFFIC

The economic growth of the Asian region is reflected to a large extent in the rising trend of
container traffic handled by Asian ports. According to the Containerization International Year Book 1995,
Asia dominates container activity. Hong Kong has emerged as the busiest container port handling the
largest volume of container traffic in the world closely followed by Singapore. There has been similar
increases in the container traffic at ports in other countries of the region. For example, while the container
traffic handled by Indian ports in 1981 was only 151,000 TEUs, it is currently in the region of 1 million
TEUs per annum. The projected container traffic to be handled by Indian ports by the end of the Eight
Plan period ending 31 st March 1997 is 2 million TEUs per annum.

AIR CARGO TRAFFIC

The growth of air cargo traffic in the Asia Pacific region has also been the highest in the world.
This too may be attributed to the emerging economies of the countries of the region which are exporting a
variety of goods including high valued and sophisticated products. Besides, several countries in Asia have
developed capabilities for re-processing goods manufactured in western countries for re-export to those
countries. This has provided scope for many airfreight companies to fly goods from western countries to
the Far East and flying them back again re-processed often in less than a week.

Another contributory factor has been the pressing transport needs of developing countries of the"egion 
which have generally inadequate means of surface transport and are remote from major market
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areas. This applies, in particular, to developing island and land-locked countries which are handicapped by
lack of direct access to overland or sea transport.

According to an lATA forecast, the air cargo traffic in the Asia-Pacific region is expected to register
an average annual growth rate of about 8 per cent during the current decade and be the fastest growing
region in the years to come.

SLOW PROGRESS OF MUL TIMODAL TRANSPORT

Notwithstanding the rising trend in the economic growth, the progress of multimodal transport in the
region has been slow. This may be attributed largely to the following factors:

Inadequacy of infrastructural facilities such as container handling facilities at the ports and
ICDs, and rail and road transport facilities for the inland movement of containers;

(a)

Adoption of inappropriate trade terms in the international sales transactions leaving control of
transport operations in the hands of foreign buyers;

(b)

Lack of appropriate legal or regulatory frameworks for multimodal transport operations;(c)

lack of trained personnel for operating sophisticated machinery and equipment used in

multimodal transport;
(d)

Poor progress in the adoption and use of modern information technologies like EDI;(e)

lack of co-ordination among the various agencies involved such as ports, customs, railways,
carriers' agents etc. in the absence of any senior co-ordinating authority.

(f)

Developing countries whose financial resources are limited may need both financial and technical
assistance for promoting indigenous multimodal transport operators. There are several possible sources of

such assistance as indicated below:

Assistance by developed countries at the government level. Such assistance has been granted
in the past by developed countries to assist the development of shipping and ports in

developing countries;

(a)

Assistance by private enterprise in developed countries. In the past, shipowners of some
developed countries have granted such aid to developing countries in the field of shipping and
ports by way of either making available services of experts and advisors or by granting loans

for procuring technical equipment etc.;

(b)

Financial assistance by international financial institutions like the World Bank and the regional
development bank which have granted substantial aid to developing countries in the past in the

field of shipping and ports;

(c)

Financial assistance by shipowners, private banks and other financial institutions in developedcountries. 
Shipowners of developing countries have in the past availed of such type of

assistance in acquiring tonnage;

(d)

Technical and financial assistance by United Nations agencies like UNCTAD, UNDP, IMO,

ESCAP etc.
(e)

PRIVATIZATION

Privatization is part of liberalization and has become a feature of the national policy followed by
many countries for the development of transport infrastructure. In fact, the World Bank has already
advised South Asian countries to rely more on private enterprise and collaborate more effectively with the
private sector in this area rather than expect concessional loans from the Bank.
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Many countries have accordingly initiated steps for privatizing partly or fully, container berths,
container terminals and other cargo handling facilities at ports. In some cases, privatization in this area
has been conceived in the form of leasing out various assets and facilities like berths, jetties and cargo
handling equipment. Similar action for privatization is also being taken by many countries in respect of rail

and road transport.

For example, in India, the following port projects have already been opened to the private sector,
both domestic and foreign:

(a)

(b)

(c)

(d)

(e)

(f)

(9)

Setting up of container terminals;

Setting up of warehousing and storage facilities;

Operation and maintenance of cargo handling terminals;

Provision of pilotage and craneage services;

Dredging;

Maintenance of various port craft and other equipment;

Leasing of equipment.

The concerned private enterprises are, however, required to guarantee a minimum level of

performance.

Similarly, the Government of India has also recently adopted a policy of increasing involvement of
the private sector in the construction and operation of roads and railways.

REGIONAL COOPERATION

The advantages of cooperation between land-locked and neighbouring transit countries have already
been referred to. It is desirable that governments should encourage regional cooperation in transport -

particularly in multimodal transport -on a broader scale which would be advantageous from several points

of view as mentioned below:

It will lead to harmonization of government policies and co-ordination of transport undertakings
resulting in reduction of the investment burden on each country;

(a)

It will enable indigenous multi modal transport operators to increase their participation in the
trade and improve the economies of operation by pooling of resources;

(b)

Shippers organizations will be able to strengthen their positions when they hold consultations
with carriers and multi modal transport operators;

(c)

(d) Harmonization of regional customs regulations will facilitate the smooth flow of transport acrossborders, 
particularly in multi modal transport;

Cooperation and consultation among port authorities and other concerned government agencies
can prevent wasteful competition among ports in the region and bring about co-ordinated

development of ports;

(e)

(1) Regional cooperation among developing countries could usefully lead to the establishment of:

(i) regional organizations of multimodal transport operators;

(ii) regional associations of parties involved in multi modal transport.

Concerted action through such organizations could help in the countries of the region becoming
parties to the relevant international conventions and in bringing about harmonization of national laws

relating to different modes of transport as well as multimodal transport. Besides, regional co-operation
would be in the spirit of the Cartagena Agreement adopted by UNCTAD at its eight session held in 1992
which is aimed at promoting international cooperation for achieving economic and social progress.
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THE DEVELOPMENT OF A LOW-NOISE, HIGH-SPEED SHINKANSEN TRAIN

A REFLECTION OF WIN350 DEVELOPMENT SUCCESSES

West Japan Railway Company
Hideto Hidaka

Director
Technical Development

Promotion Department Manager

At JR-West, our aim has been to create a next generation Shinkansen train capable of operating at
speeds over 300 km/hour, with improved safety' and stability, a train that will be environmentally friendly,
and a train that will provide an extremely comfortable ride for our passengers. To make this train a reality,
we have been working since 1992 on various technological developments through running tests with the
highspeed test train WIN350.

In this report, we look back over the history of WIN350 testing, providing a summary of the
technological achievements, and giving an overview of the application of these achievements to the
operational vehicle 500 Series Shinkansen Train.

1. An Overview of JR-West

March 1995 marked the 20th anniversary of the beginning of operation on the Sanyo Shinkansen
Line, a line which has recently made great contributions to regional development in the Kansai, Chugoku,
Shikoku and Kyushu areas. With the Hanshin/Awaji Earthquake this past January, a major section of the
Sanyo Shinkansen Line was closed for nearly three months. This closing reaffirmed how important the
Sanyo Shinkansen Line is to the social and economic activities of the regions along the line. It also
served to clarify that other forms of transportation, such as airplanes and buses, cannot adequately
substitute for the volume, speed and reliability of the railroad.

In 1987 the Japanese National Railways was divided and put under private management, resulting in
the birth of JR-West. The schedule for the Sanyo Shinkansen Line, which had centered around the Tokyo
area, was revised to provide transportation service that also met the needs of western Japan. Speed

Figure 1. The Sanyo and Tokaido Shinkansen Lines
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increase measures were put into effect with the introduction of the Grand Hikari, operating at 230 km/hour
in 1989, and the Nozomi, operating at 270 km/hour in 1993. The Nozomi greatly reduced point-to-point
travel times, passengers can now travel from Tokyo to Hakata in the time it had taken to travel from
Tokyo to Hiroshima, from Tokyo to Hiroshima in the time it had taken from Tokyo to Okayama, and from
Tokyo to Okayama in the time it had taken to go from Tokyo to Shin-Osaka. The Nozomi also did much
to strengthen our competitive stance against the airplane, successfully taking a considerable portion of
passenger traffic between Tokyo and Hiroshima and Tokyo and Okayama away from the airlines.

Figure 2. Changes in Travel Times on the Sanyo Shinkansen Line

Travel Time (Shin-Osaka -Hakata)

0 1 2 3 4
I ~ ~ I I Max. Speed Schedule Speed

3/85 3:16 210 km/h 170 km/h

3/89 2:49 230 km/h 197 km/h

(Introduction of the Grand Hikari)

3/93 2:32 270 km/h 219 km/h

(Introduction of the Nozomi)

'96 2: 19 ""'I~~- 300 km/h 239 km/h

(Start of 500 Series Shinkansen Operation)

Competition from other forms of transportation has, however, grown much stronger. The network of
expressways that run parallel to the rail lines is being expanded, new airports are being built and enlarged
-the infrastructures of competitive means of transportation are being developed faster than ever before,
and airplanes and expressways are becoming increasingly more convenient. With the rise in the standard
of living and increase in available leisure time that have taken place in recent years, there has been a
heightened awareness of the value of time. This creates a growing demand for means of transportation to
provide more quality in the areas of speed and comfort, rather than just quantity transportation.

The primary areas of passenger flow within the JR-West service area are among the major cities of
Tokyo, Osaka and Nagoya, and among the nuclear cities of western Japan (including Shikoku and
Kyushu). The most effective way to reduce travel times between these cities is to plan speed increases
on the axial Tokaido and Sanyo Shinkansen Lines. By orchestrating speed increases on track sections
that connect with the Shinkansen lines, the effects of reduced travel time will spread to every corner of the
JR-West service area.

There are three primary technical considerations in effecting a speed increase; to ensure safe
operation, to improve the environment along rail line, and to improve riding comfort. Of these, the most
important consideration is the various environmental problems along the rail lines. Residential areas have
very strict regulations regarding train noise and ground vibration. Tunnels present many aerodynamic
problems, such as tunnel micro-pressure waves, that reduce riding comfort and create a blasting sound
when a high-speed train enters a tunnel. Concrete slab track also requires special measures to ensure
riding comfort and acceptable noise levels. The Sanyo Shinkansen Line requires special consideration, as
approximately 50 per cent of the line is made up of tunnels, and slab track has been used for the basic
track construction. Overcoming these problems is a very important factor in effecting speed increase
measures on the Sanyo Shinkansen Line.

To find solutions for these problems, creating a fast, safe, environmentally friendly ,next generation
train that offers excellent riding comfort, in 1992 JR-West built the WIN350 high-speed test train. We have
been conducting running tests with the WIN350 for approximately three years, making the advancements in
technological development necessary for Shinkansen speed increases.
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Photograph 1. WIN350

2. Steps toward Improvement

After the completion of the WIN350 railway car in April 1992, we first conducted tests to increase
running speed to 350 km/hour. In August of the same year the WIN350 set a new rail speed record of
350.4 km/hour, at the same time verifying that safe operation at high speeds is possible.

Next, we tackled environmental problems, such as noise reduction. To improve environmental
conditions on all lines, we first undertook the development of measures for the train itself. We gave
particular attention to the area around the pantograph, a major source of noise. Running tests were
conducted to find the optimum way to make aerodynamic improvements.

Active and semi-active suspension systems were developed to improve riding comfort, and special
attention was given tq the reduction of lateral vibration during high-speed operation. We also developed a
car-tilting system to ease centrifugal force as the train travels around curves.

We have verified nearly all of the basic functions necessary for operation in the vicinity of 300 kml
hour. Testing at present is aimed at improving durability and reliability, putting the results of our
technological developments to practical application.

3. Results of Technological Developments with the WIN350

(i) Operation Safety

Test results at speeds up to 350 km/hour have shown that railway cars, tracks and trolley lines,
in conjunction with technologies currently under development, will allow safe, high-speed operation at
speeds exceeding 300 km/hour.

(ii) Noise Reduction along Railway Lines
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Chart Running Tests Conducted with the WIN350

Date Primary Tests

June -August 1992 Speed Increase Tests

Testing of environmental measures (performance
August -November 1992 verification for each type of pantograph cover)

December 1992 Tests to increase speed on curved track sections

J 1993 Testing of environmental measures (verification of the
anuary effects of changes in the number of pantograph, etc.)

F br -M r h 1993 Verification of wing-shaped pantograph aerodynamic
e uary a c performance

.Testing of environmental measures (Major reduction in
March -Apnl 1993 noise using pantographs currently in operation)

June 1993 -February 1994 Active suspension running tests

July 1993 -August 1994 Wing-shaped pantograph running tests

Tests to smooth the area under the train floor
January -March 1994 (verification of aerodynamics using body-mount

construction)

S b 1 994 P Tests to verify the performance of mass-produced lead
eptem er -resent bogies

October -December 1994 Semi-active suspension running tests

Wing-shaped pantograph running tests (verification
October 1994 -Present of the performaru;e of mass produced models with

improved durability)

Active suspension running tests (verification of the
February 1995 -Present performance of mass produced models with improved

durability)

There are several points of noise generation on the Shinkansen, including:

.Aerodynamic noise from the car body and pantograph

.Scraping sound from pantograph-trolley contact

.Arcing sound occurring each time the pantograph pulls away from the trolley line

.Rolling sound from the wheels and rails

However, at speeds over 300 km/hour, aerodynamic factors are by far the most important
consideration.

One method of reducing noise generation is to reduce the speed of the wind flow directly hitting
the pantograph. To do this, a pantograph cover can be installed, but the shape of the cover needs to be
carefully designed as the cover itself is a source of noise generation.

Various pantograph cover designs were put through repeated wind tunnel tests and running
tests with the WIN350, leading to the development of the JR-West original long-slope pantograph cover.
With WIN350 running tests, we succeeded in combining conventional diamond shaped pantographs with a
cover that allows operation at speeds over 300 km/hour at noise levels in the range of standard trains in

operation today.
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Photograph 2. Long-slope Pantograph Cover

To improve the aerodynamics of the pantograph itself, thereby reducing the aerodynamic sound
generated by the pantograph, JR-West completely redesigned the pantograph shape. We are now
progressing with the development of a smooth pantograph in the shape of an airplane wing.

Photograph 3. Wing-shaped Pantograph
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The concept of a wing-shaped pantograph is to make the boat-body section wing-shaped,
thereby reducing wind sound. However, stable lift characteristics must be obtained as the train travels in
either direction, so the selection of an optimum boat-body shape is very important. Engineering specialists
from airplane manufacturers and fluid dynamics specialists from various universities have been assisting in
this development.

To reduce the number of structural parts in the boat-body support section, another source of
wind noise, we developed a system by which the boat-body section of the wing pantograph is supported
by a single air cylinder. Automobile suspension manufacturers cooperated in testing for the development
of the cylinder. For efficient development, full attempts have been made to incorporate the latest
technologies from a variety of fields unrelated to the railway.

With a wing-shaped pantograph, there was no need to cover the entire pantograph. Only the
insulator section needs to be covered, resulting in a cover that is much smaller in width and length than
conventional pantograph covers. We were therefore able to develop an insulator cover that fit onto one
railway car, rather than straddling two cars as was previously necessary. This not only reduces noise, but
also makes a major contribution to environmental improvements along railway lines, such as reducing
tunnel micro-pressure waves.

With WIN350 running tests, we succeed in low-noise operation at 320 km/hour with only
the wing-shaped pantograph, resulting in many improvements, including increased current collection

performance.

Photograph 4. Insulator Cover

(iii) Improved Riding Comfort

In order to ensure riding comfort at speeds in the range of 300 km/hour, JR-West is moving
forward with the optimization of spring systems and dampers through WIN350 running tests and computer
simulations, and we have had some specific successes. However, when running speed exceeds 300 km/
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hour, air-flow turbulence and other factors also come into play, in addition to track irregularities and other
external factors that can decrease riding comfort. Therefore, additional measures become necessary to
further improve riding comfort.

With the WIN350, we tested lateral vibration acceleration of the car body moving at high
speeds, then undertook the development of an active suspension system that suppresses vehicle shaking
through computer-controlled air actuators that move in opposition to car-body shaking. Our goal was to
develop an active suspension system that would cut lateral vibration in half. With WIN350 running tests,
we were able to achieve an approximately 40 per cent increase in riding comfort at high-speeds of around
300 km/hour.

A cost-efficient semi-active suspension system was also developed in parallel with the active
suspension system. While active suspension uses the power of external air in the actuators to suppress
car shaking, semi-active suspension controls shaking by adjusting the degree of damping in the dampers
themselves in response to the degree of car body shaking. Therefore, no external air supply is needed,
simplifying system structure. WIN350 running tests showed a more than 30 per cent improvement,
providing a positive outlook for achieving riding comfort similar to that with active suspension systems.

Other measures include the development of an active suspension car tilting system to increase
transit speed on curves by reducing the excessive centrifugal force that develops on curved track sections.
This system uses air springs on the outside of the curve to raise and tilt the car body, lessening the
degree of centrifugal force that acts on the passengers. There is no decrease in riding comfort, making it
possible to increase speed on curved sections by 15 to 20 kilometres per hour.

Figure 3. Active Suspension System
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(iv) Improvements in Aerodynamic Properties

To solve aerodynamic problems like micro-pressure waves that develop when a train enters a
tunnel, and shaking caused when two trains pass in a tunnel, JR-West used simulation technologies on a
super computer designed for aerospace engineering research. Wind tunnel tests were also conducted, and
the nose shape and car body cross-section with the least aerodynamic resistance were chosen. As a
result, the nose was elongated and the edges of the car body were rounded. The reduction of the car
body cross-section area proved effective in solving many aerodynamic problems.

Numerous other new steps were also taken to make aerodynamic improvements, such as a
body mount construction that covers the underside of the car body to allow smoother air flow, and a cover
placed over the linkage section between cars.

(v) Comprehensive Alarm System (COMPASS)

Using the invaluable knowledge obtained through the collection of running test data, JR-West
developed the Comprehensive Alarm System (COMPASS). Using sensors both on-board the trains and on
the ground, COMPASS provides advanced warning of failure in the basic functionality of the railway cars,
track, and trolley lines, improving the safety and reliability of operation at 300 km/hour.

COMPASS includes:

.A system of on-board sensors. to detect irregularities in the track and trolley lines.

.A system of ground sensors to detect irregularities In the railway cars.

.A self-diagnostic system to detect various irregularities.

4. The Exceptionally Reliable High-Speed Shinkansen Bullet Train

Utilizing the results obtained with WIN350 running tests, JR-West has begun production of the high-
speed Shinkansen Bullet Train "500 Series", scheduled to begin operating at 300 km/hour in 1996.

The 500 Series Shinkansen was designed to be both exceptionally functional and beautiful in form.
The extra-long nose creates a sense of speed, and this will be the railway car of the 21st century. The
500 Series was designed on the concepts of speed, environmental harmony, comfort, and improved
operability and maintainability.

(1) Speed: The 500 Series will be the first train to regularly operate at 300 km/hour in Japan.
The 500 Series provides excellent acceleration, even in high-speed areas, making safe, fast
operation possible. In terms of vehicle performance, the 500 Series is capable of operating at
speeds up to 320 km/hour. The 500 Series will travel approximately 50 per cent of the Sanyo
Shinkansen Line at 300 km/hour and approximately 80 per cent at 275 km/hour, with the
highest schedule speed in the world, 239 km/hour.

(2) Environmental Harmony: The 500 Series overcomes the environmental problems, such as
noise and tunnel micro-pressure waves, that accompany speed increases. Adopting the wing-
shaped pantograph and small insulator cover developed with the WIN350, current collection
noise, which becomes more noticeable as speed increases, was greatly reduced. Body mount
construction for equipment located on the underside of the railway car body and other
measures are also used to create a smooth body design, reducing wind noise.

(3) Comfort: In addition to optimizing the bogie spring system (dampers and springs), an
active and semi-active suspension system are also used to increase riding comfort. Aluminum
honey-comb construction provides excellent sound absorption and sound insulating properties,
creating an extremely quiet and comfortable cabin environment.

(4) Improved Operability and Maintainability: To reduce the work load of a high-speed train
operator, thereby improving train operability, we developed a system which can automatically
perform operation functions such as fixed-speed running and stopping at set locations.
To reduce maintenance costs, the trains were designed to allow easy inspection of the
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Figure 4. High-speed Technologies Used in the 500 Series Shinkansen Train
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equipment. The trains are also equipped with monitoring functions that allow more efficient
inspection, thereby improving maintainability. Furthermore, the 500 Series is equipped with the
Comprehensive Alarm System (COMPASS) which monitors both railway car and track
conditions to provide advanced warning of possible problems. This system improves both the
safety and reliability of the 500 Series.

5. Continued Development

To make the Shinkansen a more complete train system, we are continuing with development in two
areas. The first is to refine the technologies developed thus far with the WIN350, and the second is to
ensure long operating life for the major parts of the railway cars.

Our next step will be to target technological developments for operation at speeds from 350 to 400
km/hour. Aerodynamic problems increase drastically as speed rises, and we already face problems more
difficult than those encountered with airplanes. Overcoming these problems will be a major undertaking as
we push speeds higher. A large-scale low-noise wind tunnel at the Railway Technical Research Institute
in Maibara, scheduled for completion in the spring of 1996, is expected to make major contributions to
research in this area.

For the railway to continue its role as a responsible means of transportation in the 21 st century, we
must continue to fortify our strong points, increasing the convenience of the railway to a level unrivalled by
other means of transportation. To do this, major technological innovations will be needed in both railway
hardware and software that will make it possible to develop new measures not found on today's extension
lines.

Our undertaking of this speed increase project is one step in the transformation of the railway as a
means of transportation for the 21 st century. We shall continue to work for technological developments
that further improve all aspects of the railway system.
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