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The Concept of Sustainable Transport

Sustainability means capable of being continued. Sustainable transport means finding ways of
meeting trangportation needs that are environmentdly sound, socidly equitable, and
economicdly viable in the long term.

To be economicdly sustainable, trangport must be cost-€effective and continuoudy responsive to
changing demands. Cogt-€effective transportation is not easily secured because travellers are not
directly confronted with many of the overdl socid costs associated with transportation. The
combination of externdities and a lack of pricing of road space often gives rise to traffic
congestion, a significant problem in many of the larger cities of the advanced economies (the net
socid codts of traffic congestion are estimated to be between two and three per cent of GDPin
the advanced economies)' and an acute problem in many third world megecities (notably
Bangkok, where cogts could be as high as 8 per cent of regiond gross product, and Mexico

City).2

Socidly, sugtainable transportation systems should provide safe access and livability for al
sections of the community. Transportation is of vita importance for al groups in the community
for accessing jobs, education and hedlth services. Accessbility is atained through the provison
of comprehensive and affordable transport services. Most mgor cities in the APEC region have
faled to meset this objective (APEC Center for Technology Foresight, 2000). Injury and death
caused by road accidents is an important socid cost associated with transportation, leading to
losses estimated at between two and four per cent of GDP in the advanced economies (OECD
1997a).

Environmentaly sustainable transportation systems should: @ use energy resources and other
natural resources a a rate not larger than rates of renewa of those resources; b) produce no
more waste than can be accommodated by the planet’s restorative ability; and ¢) make use of
land in a way that has little or no impact on the integrity of ecosystems. At present,
trangportation sysems in virtualy al the mgor APEC cities fail to meet these criteria Locd ar
pollution, largely associated with the use of the motor vehicle, is one example of unsustainable
trangportation and could contribute as much as three per cent of GDP in terms of health costsin
some cities in the advanced economies (ECMT, 1998). The range of problems associated with
trangport emissons is greater in the cities of emerging economies because of the greater use of
high-palluting vehicles and fudls. Air pollution generated by city traffic can aso have an impact
on substantid regiond areas. Emissons of sulphur and nitrogen compounds from transportation
can lead to acidic rainfal, and contribute to acid fog and snowfall (OECD, 1996b).

! OECD (1997a).
2 K homnamool (1999) and Pendakur (1995).

Centre for Strategic Economic Studies 1



Pollution from motor vehicles produces about one-fifth of the incrementa carbon dioxide in the
amosphere arisng from human activity (which potentidly contributes to globa warming) and
one—third of the chlorofluorocarbons (CFCs; these contribute to the depletion of the ozone
layer). The globa environmentd effects of greenhouse emissons from trangportation are
estimated to be between 0.3 and 0.6 per cent of GDP (OECD, 1997a, ECMT, 1998).

The trangport sector now accounts for more than 60 per cent of globa consumption of oil
products. Current high rates of oil consumption by the transport sector are inconsistent with the
maintenance of secure globa oil suppliesin the long term(OECD, 1995).

The Drivers of Change

The threat of increesngly unsustainable transportation systems in the large cities of the world
comes from the interaction between growing demand for transportation services and the
environmental impact of trangportation. Demand tends to grow a a geometric rate, while the
environmenta capacity (a given technologies) to handle such growth is fixed. Technology offers
enormous possihilities for change in the longer run, but unless harnessed to the god of
sugtainability, may aggravate some problems (such as traffic congestion) while in the process of
fixing others (reducing emissons per road vehicle kilometre).

The demand for trangportation services in the cities of the advanced economiestendstorisea a
amilar rate to the rise in red incomes. In the developing economies, demand for transportation
rises much more rapidly for a number of reasons. the income dadticity of demand is usudly well
in excess of unity; per capita incomes are risng more rapidly than in the advanced economies,
and urbanisation rates are risng more swiftly. In most countries, demand for travd is less
respongive to prices than to incomes, and road vehicles account for an increasing proportion of
total traffic (APEC Center for Technology Foresght 2000). The OECD has prepared
projections which indicate that, between 1990 and 2030, there will be an increase of 79 per
cent in kilometres travelled by dl vehicles within the OECD countries, and arise of 312 per cent
for countries outside the OECD (OECD 1996).

The growth in urban traffic generates increasng waste outputs, assuming given technologies,
which give rise to a range of environmenta problems, locd, regiona and globd. In practice,
changes in vehicle technologies have led to some improvementsin locd air pollution, particularly
in the advanced economies, and mainly with respect to emissions of carbon monoxide and lead.
On current prospective trends, problems with emissons of nitrogen oxides, volatile organic
compounds and suspended particulate matter will present health problems for a broad range of
cities. Such emissons pose congderable hedth risks, ranging from respiratory allments through
to heart disease and cancer. The transport sector remains the principa area of concern with
respect to globa warming. CO, emissons from trangportation continue to increase strongly as
increesng vehide-kilometres travelled more than offset improvements in energy efficiency.
Findly, the trangport sector is the mgor dynamic contributor to risng demand for crude ail,
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supplies of which have finite limits and can, at times, be subject to political uncertainties (APEC
Center for Technology Foresight 2000).

The Impact of Technological Change

A number of key influences are driving a process of accelerating technologica change in land
trangportation. Traffic congestion is encouraging new technologies to be adopted in traffic
management. Concerns about tr affic safety are leading to a consideration of new technologies,
particularly road design and automated vehicle control. The availability and price of crudeail
is encouraging research and development on fud economy, the use of dternative fuels, and the
devdopment of fud cdl-powered engines. Air pollution problems in urban areas are
encouraging the development of technologies to reduce harmful emissions, and concerns about
global warming are further adding to the search for low-emisson trangportation. These
concerns are aso reflected in the adoption of new regulatory policies by governmentsin such
aress as fud standards and fuel economy standards for new motor vehicles.

The acceptance that radicd new technologies will be required to achieve sustainable
transportation in the coming decades is widening and deepening. Most significant has been the
changing stance of the mgor motor vehicle producers. They are now investing heavily in
research and development on dternative technologies. The public comments of the Ford Motor
Company have been particularly prominent. In 1999, Ford published a specialy commissioned
sudy (Schuetzle and Glaze, 1999) which discussed future scenarios for new technologies that
would meet growing trangportation demand while minimising energy and environmenta impacts.

Motor Vehicle Technology

Technologica change impacting upon trangportation can take many forms. It can change the
design and operationd characteristics of trangport. It can impact on how vehicles are used and
maintained and it can offer new possibilities for traffic management.

The potentid for reformulating petrol to reduce other pollutant emissons has attracted
consderable research over the past decade. The most significant potentia emission reductions
that can be achieved by reformulation are reducing voldility (to diminish evaporative emissons),
reducing sulphur (to improve catadys efficiency), and adding oxygenated blend stocks (thereby
reducing the need for high-octane aromatic hydrocarbons).

In the future, ethanol, methanol and biogas have increased prospects for use in cars and trucks
designed and built to be operable on different types of fuel. Fiston engines in conventional motor
vehicles can be adjusted to run on dternative fuels (such as ethanol and methanol) which reduce
nitrogen-oxide emissons A new technology known as the flexible-fud vehide is being
developed (Volkswagen is a leader) which will detect which type of fud its tank has been filled
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with and automaticaly adjust the engine; this would increase the flexibility of the vehicle for
operational purposes.

Hydrogen is potentidly an important source of energy for road vehicles. It can best be used in
fue cdls, and methanol and naturd gas can act as hydrogen-cariers for fud cdls. The future
effective utilisation of dternative fues will be enhanced if investments in improved digtribution
networks for aternative fuels are made.

Magor improvements in the energy efficiency of motor vehicles can be achieved through a
radicd shift in technology and design. The basic features of an advanced automobile
mcorporatl ng radica new technologies, some of which are aready operable, include:
new body materids (carbon-fibre or other composite materids, and dso lighter metd
aloys) which increase energy efficiency by reducing mass, and at the same time have a
lower energy-content in their production;
enhanced streamlining, using sophigticated body design and reduced frontal areas, aimed
at reducing the vehicle s drag coefficient;
high- pressure, low-rolling resistance tyres,
an advanced engine;
extendve use of duminium and other light-weight materids in sugpenson and other
components (such as brake fittings, sway bars, and wheels);
magjor redesign of seats, bumpers and other components to reduce weight; and
advanced transmissions.

Electronics embedded in motor vehicles is a growth area. Most of the new engine technologies
imply an enhanced role for dectronics, as do innovations with respect to steering, braking and
throttle control. The blending of car and computer technologies is being harnessed in new and
promised innovations that will hep drivers find their way in unfamiliar territory, pay road tolls
without stopping, avoid traffic jams, access emergency help and repair, and utilise the kind of
information and entertainment features currently available only a home or in the office (APEC
Center for Technology Foresight, 2000).

New Vehicle Engines

The Internal Combustion Engine

Among the new types of internad combustion engines likely to gppear in the next decade or 0 is
an advanced two-gtroke engine accompanied by new eectronicaly controlled fue-injection
techniques designed to both raise the efficiency of the combustion process and reduce emissions
of unburnt fud. Many of the two-wheded vehicles which are prevdent in many developing
countries are powered by two stroke engines. Two stroke motorcycles are a mgjor source of
white smoke and emissons of aromatic hydrocarbons and suspended particulate metter.
Technological solutions to the smoke and unburned aromatic hydrocarbons associated with two
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stroke engines have now become available or are under development. They include cataytic
exhaust conversion, direct cylinder eectronic fuel injection and eectronic computer control.

A second type of combustion engine with significant potentiad is the gas turbine. To be efficient,
the gas turbine has to work at a very high temperature, high enough to mdt iron and duminium,
the traditiond engine block materials. New and more tractable ceramic materias, together with
electronic combugtion controls, would make a smal powerful gas turbine engine possible for
automobiles. Such an engine would emit negligible pollution and could run on avariety of fuds.

Diesdl engines are typicaly more efficient than petrol engines because they burn less fue, and
hence produce less carbon dioxide. However, they can be noisy, smelly and they produce
nitrogen oxides and particulates, the result of incomplete combustion. To overcome this latter
problem, a new kind of turbo-charged direct injection engine has been developed, and is being
used, or is becoming available, in cars produced by Volkswagen, Toyota, BMW, Mercedes,
Alfa Romeo, Rover, Peugeot and Citroén. A further refinement, exhaust-gas recirculation, is
being adopted as a way of cutting the amount of nitrogen oxide produced by diesd engines
(APEC Center for Technology Foresight, 2000).

Trucks and Buses

Improving energy efficiency in the freight sector rests largely on measures related to trucks: the
introduction of new, more energy-efficient trucks, retrofit technology for the existing truck fleet,
changes in operations to reduce waste, increased linkages with other transport modes, and
shifting to other transport modes. Opportunities exist for the introduction of improved
transmissions, and increased aerodynamic efficiency associated with lighter structures and better
power/load ratios through the increased use of B-double and B-triple combinations, dthough
there are ultimate mass limits to the extent these designs can be taken, as well as impacts on
road wear and tear to be taken into account. Improvements in tyre technology and truck
maintenance offer further possihilities.

Diesd trucks and buses are the focus of increased attention because they are significant sources
of particulate matter and NO, dthough emissons of other compounds are usudly much lower
than for petrol driven vehicdles. The USA has adopted standards for these vehicles that will
foster technologica developments smilar to those which have aready occurred for petrol cars.
The drategies for diesel emisson control embrace three mgor categories.
- Engine modifications, induding combustion chamber configuration and design, fud

injection timing and pattern, turbo charging and exhaust gas re-circulation;

Exhaugt after-trestment, including traps, trap oxidisers and catalyds,

Fud modifications, including control of fuel properties, fud additives, and dternative fuels

- many believe that CNG engines are the ultimate technology to use.
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Electric and Hybrid Vehicles

Instead of an advanced internd combustion engine, a radicaly redesigned automobile might use
electric motors powered by betteries or fue cels Alternatively, it might use a hybrid
combination including batteries and a motor/generator (or one of a variety of other combinations
of power sources, including flywheds). Recent significant technical advances have placed such
vehicles doser to redlity, with afew examples of vehicesthat have actudly become available for
sde. The key hurdles remaining to be overcome before full competitiveness with conventiond

vehides is ataned indude improving the manufacturing capability and reducing the cost of

advanced materids, designing adequate safety systems for smdl vehicles, and achieving
ggnificant further improvementsin fue cell and battery technology.

Electric battery vehicles are a the most advanced stage of development. If recharged with
eectricity from low-emission sources (nuclear, solar, hydrodectric), they can be very efficient
with respect to limiting CO, emissons, depending on the source of the dectricity used. Ther
high price and redtricted driving range limit their market penetration currently. They are most
suitable for loca or neighbourhood-oriented vehicles — urban cars in multicar households. One
and two-person powered vehicles offer mobility independence for people with mobility
disabilities, and could find much wider gpplication. Electric motor scooters are now filling an
important niche in the trangportation system of Taipe.

The crucid dement for successful mass commercidisation of a battery dectric vehicle is the
development of a battery that combines high energy densty for range, high power densty to
dlow competitive acceleration performance, along life-time under rdatively adverse conditions,
and moderate cost. A variety of battery types are under development.

Hybrid eectric vehicles combine two power sources with at least one powering an eectric
motor. The range of aternative power sources includes batteries, flywheds, ultracapacitors, and
heat engines. Hybrid systems come in a variety of configurations. One would use a sdl,
constant speed internd combustion engine as a generator to power high-efficiency eectric
motors a the wheds, with a high-power-density battery or ultracapacitor used to provide a
current boost to the motors for acceleration or hill climbing. The internd combustion engine in
this case could be small, efficient and clean because it runs a one design speed. Alternative
systems could rely exclusively on batteries for most trips, with the engine-generator for extended
range only, or they could use both dectric motors and a smdl internal combustion engine to
drive the whedls, perhgps with the eectric motors providing high power only when necessary.

A fud-cdl-powered vehicle is essentidly an dectric car with the fud cell and storage tank (for a
hydrogen-carrying substance) subgtituting for the bettery. If the fue is a hydrogen carier

(methanol or natura gas), an on-board reformer is required to release the hydrogen from the
carier fud. Fue celswork by taking hydrogen and oxygen and putting them through a chemicd
reaction to produce eectricity and water. Excess dectricity from the fuel cdll can be shunted to
battery storage. The vehicle can then use a high-power-density battery (or other storage devices
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such as an ultracapacitor or flywhed) to provide the necessary power boost for acceleration, so
that the fuel cdll does not have to be sized for the vehicle' s maximum power needs.

Fud cdls are paticularly efficient energy converters, they generate no harmful emissons and
they can be refueled quickly, so that range condraints are less of a problem than with battery
electric vehicles once sufficient refudling infrastructure is put into place. Three types of fud cels
may be suitable for light-duty vehicles: proton-exchange membrane (PEM) fud cdls, dkdine
fud cdls and solid-oxide fud cdls. Of the three, the PEM fud cdls are closest to
commercidisation. Until recently they required large quantities of expendve platinum as a
catalyst to make the reaction happen. The Canadian company Ballard Power teamed up with a
British specidty chemicds and metds company, Johnson Matthey, in 1993 to find ways of

cutting back the platinum. Having found a suitable method, Balard then teamed up with
Damler-Benz to commercidise the use d the technology for motor vehicles. Balard has now
shrunk the size of fud cdlsto the point where they can fit into the sub-compact Mercedes-Benz
A-Class. On December 15, 1997, officids from Daimler-Benz and Ford agreed to form a new
partnership with Bdlard. A combined investment of $USL hillion is planned, and the new
consortium hopes to produce an initid 10,000-50,000 cars a year powered by fud cdls,

garting commercidly in 2004. Bdlard does not have the fidd to itsdlf - about 30 companies are
activdy devdoping fud cdls for asttomotive applications, including Allied Sgnd and
Internationa Fuel Cells (part of the United Technologies Group) in the United States, De Nora
in Itay, and Semens in Germany. Among the vehicle manufacturers, Generd Motors and
Toyotaare aso developing fud cells (APEC Center for Technology Foresight, 2000).

Other In-Vehicle Technology

Vehicle Maintenance

New technologies have an important role to play in enabling improvements in the maintenance of
road vehicles. On-board diagnostic systems monitor al the emisson controls on a vehicle and
warn the driver, through instrument pand displays, of any faults that may occur. These systems
have become mandatory for new passenger motor vehicles in the United States. Even greater
opportunities for detecting mafunctioning vehicles are provided by the use of trangoonders to
alow roadside units to monitor the condition of vehicles asthey drive by. Within 20 years, these
systems could be indaled in sufficient numbers to render ingpection and maintenance programs

unnecessary.

While diesd exhaust emissions pose congderable hedlth threets, programs to identify and rectify
high polluting diesd- powered vehicles are till congtrained by the lack of asimple, low cost test
to identify these vehicles. There is intense interest in the United States, Audtrdia and parts of
Asain developing appropriate testing technologies (AATSE, 1997).
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Transit Vehicles

Ral has become an increasng focus of atention for intra-city trangport. Technologica
innovations in such areas have tended to be incrementd. The application of information
technologies enable driverless people movers to operate on light rail syslems. In Singapore, the
introduction of sophigticated sgndling equipment has enabled the headway of trainsin the Mass
Trangt System to be reduced from 3 minutes to 1.5 minutesin peak periods.

While inter-city trains have been the main focus of new technologica development over the past
thirty years, urban people-mover syssems may aso benefit from new designs. Guideway-based
(driverless) systems are a form of “Advanced People Mover” which has been under active
development since the 1950s. These systems utilise various combinations of computer,
communications and control systems technology. The basic technology of their operaiond
systemns has been available for more than 20 years, and some systems in actua operation were
developed in the 1970s (APEC Center for Technology Foresight, 2000). Vehicles may be
“supported” (run on guideways) or “suspended” (hung from guideways). Support for the
guideways may be via conventiona wheds (rubber or steel) or magnetic suspension (“maglev”).
The Audrdian Audrans vehicle now in development uses a new type of whed technology that
enables vehicles to turn around tight corners, thereby enabling cheaper guideways to be built
around winding streets (Roberts, 1998).

Urban Freight Systems

A number of new technologies for inner city urban freight sysems are under development,
induding:
- AGV Navigdaion Sysgem — a prototype from lsragl that uses automated guideway
vehicles for moving cargo at segports,
Combi-Road, a new concept from the Netherlands for the surface transport of
containers,
Subtrans — an American freight system that utilises underground tubes;
HighRal — an American system currently under development that uses a monobeam for
two-way travel on one narrow guideway; and
The Jgpanese Automated Freight System which proposes to use dual-mode trucks for
inner-city and intercity freight movement (APEC Center for Technology Foresight, 2000).

Travel Demand and Traffic Management

Newly emerging measures are expected to contribute sgnificantly to the improved efficiency of
the management of traffic and travel demand. They are largely based on the use of advanced
information technologies to provide information which greetly increases the scope for efficient
traffic management (not only through advanced sgndling systems but dso through the use of
traffic amulation systems), makes road pricing more feasible and provides advanced traveller
information and driver assstance.
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Innovation in Transportation Systems

Electronic Road Pricing

Road pricing isincreasingly seen as a precise method of impacting on traffic demand. The latest
automated tolling equipment, which deducts charges from eectronicaly tagged vehicles,
travelling a speeds of up to 100 miles per hour, is being indaled in more than 20 countries
around the world. Electronic road pricing had its origins as a means of implementing toll charges
on mgor motorway projects. However, its application to time-sendtive roadway charges that
discourage congestion is now attracting attention.

Singapore has been the pioneer in road pricing. Direct congestion charges are now implemented
by a cordon of toll points around the inner city area in Singapore. Vehicles are eectronicaly
tagged, and charges vary by time and day. Road- pricing schemes based on peak-hour charges
have been successfully operating for more than six years in the Norwegian cities of Trondheim,
Bergen and Odo. Vehicles diverting away from tolled routes on minor roads are a problem for
exiging dectronic road pricing schemes. American plans using globd postioning satellites,

combined with in-car receivers and digital maps, will enable vehicles to be charged wherever
they are within a specific geographic areaand at rates that vary according to the time of day and
degree of congestion (APEC Center for Technology Foresight, 2000).

Transport Logistics

Logidtics is the management d the flow and storage of raw materids, goods-in-progress and
find goods from point of origin to point of find consumption; it includes the recovery and
disposal of waste products. Cost, qudity of service and timeliness are the key parameters of the
economic efficiency of logigtics, while sustainable logigtics aso takes into account socid factors
(accessihility and safety) and environmental considerations. New technologies are providing
new solutions to logigica problems. Improvements in information technology are one example
of this trend, but the standardisation of container szes and the development of groupage
servicesis another.

Logidtics is only effective when there is an adequate supply of information about what is
happening at each point in the supply chain, and when available dternatives are well known and
understood. The improvements in informaion technology therefore make increasingly
sophisticated logistics management possible. There is much debate about whether the availability
of increased information is lengthening or shortening supply chains, acting as a subgtitute for
transport, or enabling transport to be performed more efficiently.

The effectiveness of logigtics can be enhanced if atention is given to removing certain obstacles

and increasing awareness of the benefits among non-users. Among the obstacles identified in
many arees is the absence of a bar-coding system suitable for tracking goods, alack of policies
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on dectronic commerce, and regulations againgt, or resstance to, night-time collection and
delivery sysems. With respect to raisng awareness, support systems for eectronic data
interchange (EDI) have been identified as being important. Singapore, Hong Kong and Mdaysa
are leaders in this respect (Euro-CASE, 1996). High quaity eectronic logigics sysems are
increasingly being used by road freight operations in the advanced economies, as are rail freight
operators.

The Internet is now beginning to be used to increase the efficiency of the road haulage indudtry.
Nationa Transportation Exchange (NTE) uses the Internet to connect shippers who have loads
they want to move chegply with fleet managers who have space to fill. NTE helps to cregte a
oot market by setting daily prices based on information from severd hundred fleet managers
about the destinations of their vehicles and the amount of space available. It then works out the
best deals. The whole process takes only afew minutes. NTE collects commission based on the
vaue of each ded, the flest manager gets extra revenue that he would otherwise have missed
out on, and the shipper gets abargain price, a the cost of some loss of flexibility.

When NTE was first set up four years ago, it used a proprietary network, which was expensive
and limited the number of buyers and sdlers who could connect through it. By moving to the
web, NTE has been able to extend its reach down to the leve of individud truck drivers and
provide a much wider range of services. Before long, drivers will be able to connect to the NTE
website on the move, usng wireless Internet access devices (The Economist 1999b).

The Freight Sector

Four gpproaches can be taken to securing more sustainable freight trangportation: improvements
in the engine technology and other aspects of truck design such as aerodynamics (dedlt with
above); utilisng options such as load aggregation and dectronic commerce to shift road freight
to rail and sea or to new forms of intra- urban didtribution; adaptationsin land use planning; and
improved transport logistics. The locations of mgor freight generating activities, such as
transport terminds, distribution centres, factories and shopping centres, will have a mgor effect
on the pattern of urban freight transport and its impact on the urban environment, particularly
through reducing the number and length of freight trips.

Unladen trucks produce emissions without any freight transport output. Greater coordination of
pickups and deliveries can improve vehicle utilisation. Improved routing and scheduling of
trucks, increased back-loading, driver communications and information systems and extended
operating hours can dl improve efficiency. The utilisation of advanced technologies for vehicle
location monitoring, computer aided routing and dispatch, and data and voice communications
can dl yield benefits to freight efficiency. Extended warehouse operating hours enables trucks to
make pickups and ddiveries at times of low road congestion (APEC Center for Technology
Foresight, 2000).
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Intelligent Vehicle-Highway Systems

Intdlligent vehide-highway systems (IVHS) encompass severd different technologies: advanced
traffic management (ATM), advanced traveler information (ATI), and automated vehicle
control (AVC).

ATM technologies are designed to monitor traffic by usng iedar and other remote traffic
gysems to andyse data derived from these monitoring systems, to dter traffic flows
eectronicaly by adjusting sgna timing and freeway ramp controls, and by providing informetion
on roadsde bulletin boards. The Tomel Expressway, Japan's busest motorway, has been using
ATM technologies for some years on a 250 kilometre dretch leading out of Tokyo (The
Economist 1992b). In Seattle (Washington State, USA), trangportation authorities provide a
webgite with an up-to-date map of motorway hotspots. The Seettle system dso dlows traffic
sgnds to be adjusted to treffic flows. Turin in Itdy is testing a system that turns traffic lights
green for heavily loaded buses, but not for empty ones. On Toronto's Highway 401 (Canada),
sensors buried in the roadway detect when traffic is dowing, and video cameras let controllers
See the problem. Among other things, this system has cut the average time required to clear
minor accidents from 45 minutes a decade ago to just 20 minutes today (The Economist
1998h).

ATI technologies are on-board systems that impart information about traffic conditions and
dternaive routes and may include dectronic maps and navigationd tools. ATI information may
be talored to an individud driver's travdl plans. They are particularly useful for drivers with
multiple route options. Such systems could aso pre-book parking spaces and even hotels. For
some European countries, BMW now offers a built-in eectronic road map with information on
the state of motorway traffic, and a Smilar system is available in some Avis rentd cars in the
United States. There are a least fourteen different navigation systems available in Japan.
Oztrak, a start-up firm partly owned by the University of Bdlarat in Audrdia, has developed a
Telematic Starter Kit that is ingtaled in a car and uses a keypad hooked to a standard mobile
telephone. Drivers can use it to request such services as roadside help, travel information, and
accident assistance (APEC Center for Technology Foresight, 2000).

AVC technologies are on-board technologies geared towards traffic safety. They can assst
drivers with such facilities as adaptive cruise control, obstacle detection, and infrared sensing to
improve safety for night driving. Other AVC technologies are designed to intervene directly in
driving. They include automaic braking and manoeuvring. The rationde behind these
technologies is to maintain optimal, but safe, distances between vehicles to improve driving and
traffic flow. Already, some Greyhound buses in America carry microwave radar to monitor their
distance from other vehicles and their closing speeds, and many American school buses use
another version of this system to dert the driver to children behind or beside the bus where they
cannot be seen in mirrors. Systems currently operationa include speed monitors that warn
drivers who go too fadt, or dert drivers who stray out of lane or show signs of deepiness, and
which brake or steer automatically in certain circumstances (The Economist 1995).
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The Americans bedieve that they will have a fully-tested prototype inteligent highway system up
and running by December 2001 (The Economist 1996b). The Japanese Government, in
collaboration with public agencies and the private sector, has initiated a program known as
Japan's Intdligent Trangport System (ITS), with a view to developing a complete system by
2010, and substantia research on IVHS is aso occurring in Europe (Firth 1997).

Virtual Technologies

Technology may contribute to the extent to which nonrtransport aternatives can meet
accesshility objectives. Examples of such dternatives include home entertainment systems,
tedlecommuting for work, ddivering services through the Internet, leen manufacturing and
digribution sysems that minimise transport movements, utilisng transport logistics to the fulll,
and improved urban design that minimises the need for environmentaly damaging transport
movements. Using advanced information technologies, alarge range of travel movements could,
perhaps, be displaced:

Journeys to work could be reduced by managerial and technological changes that gregtly

increase working from home;

Busness travel (locd and internationd) could be displaced by increased use of

conferencing and other information technologies for communications,

Socid and entertainment needs could be displaced to a sgnificant extent by virtud redlity,

especidly for the young; and

Ontline and distance education could displace journey-to-school or —campus (APEC

Center for Technology Foresight, 2000).

Policies for Sustainability

New policies will be needed to achieve reduced emissons of carbon dioxide from transport, to
overcome problems with air pollution, to increase safety and ensure wider access to transport
sarvices. There is no angle solution to these problems. However, it is generdly recognised that
pollcy actions are required on severa broad fronts:

The integration of urban planning with trangport planning;

Giving priority to trangt in the development of transport infrastructure;

Theintroduction of reformsto trangt services,

Strengthening trangport management policies,

Encouraging the development of sustainable new technologies over the whole range of

trangport service provison; and

Utilisng taxes as a means of shaping tansport demand, encouraging the adoption of

sugtainable technologies, and providing a means of indirectly financing new transport

infrastructure.
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The Integration of Urban Land Planning with Transport Planning

The integration of urban land planning with ransport planning is a vitally important aspect of
ensuring broad accessibility to employment and services for al groups in a city. It can dso
reduce the amount of travel required in a community and encourage an efficient utilisation of
trmsport infrastructure. Key aspects of the required policies are:

Encouraging higher urban densty and mixed-use development in high income dities,

Improving the scope for walking and cycling to achieve mobility requirements;

Integrating land use planning with the development of transit infrasiructure;

Managing parking supply; and

Providing for efficient distribution sysems in urban planning.

Singapore; Hong Kong, China; and Tokyo provide examples of successful integrated planning .
Implementation of integrated urban planning in many other mgor dcities in the advanced
economies has proved to be quite difficult in practice. In the third world, economic and
demographic growth has tended to produce significant problems of traffic congestion, loca air
pollution and poor accesshility for lower income groups in the populaion. Key planning
priorities are to control development in the urban perimeter, the upgrading of exigting informa
Settlements, discouraging land speculation and decentralising development. Such policies are not
easy to design and are particularly difficult to adminigter. In economies like the Philippines and
Thailand, where primate cities (Metro Manila and Bangkok) have hed dominant positions
during pogt-war economic development, it is acknowledged that decentrdisation policies need
to look beyond the surrounding aress to the primate cities and provide encouragement to
development in other regions of the national economies (APEC Center for Technology
Foresight, 2000).

Developing Transport Infrastructure

It isdesirable to assess dl transport infrastructure proposals on a consistent basis that takes into
account their economic, socid and environmental impacts. Such assessments should view
transport from an intermoda perspective, taking into account the interrelationship between road
traffic and infrastructure, public transport, facilities for non-motorised modes and travel demand
management. An important issue is to fully recognise the net socid returns from infrasiructure
investments. The development of trangt infrastructure is especidly important in the mgor cities
of the developing world (Euro-CASE, 1996).

Singapore; Hong Kong, China; and Tokyo provide examples of successful trangit infrastructure
development strategies. Bangkok is in the process of planning or congructing massive trangt
projects. Significant developments in trandt infrastructure have occurred or are planned in
svad mgor Audrdian cities There has dso been dgnificant development in trangt
infragtructure in the mgor Canadian cities. There are only a reatively few examples of recently
successful trangt developments in the United States (APEC Center for Technology Foresight,
2000).
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Public Transport Reforms

Improvements in the competitiveness and flexibility of trandt services® can make an important
contribution to the environmenta sustainability of transportation and, by increasing the degree of
subdtitutability between trangt and private vehicles as a means of trangportation, enhance the
effectiveness of demand management and pricing Srategies to contribute to sustainability.
Trandt services can be enhanced by the harnessing of new technologies, the extenson of
services coverage, capacity and frequency; improving operationd flexibility; and increasing
intermoddity with different forms of trandt and with private transport (APEC Center for
Technology Foresight, 2000).

Tokyo's rall services are a modd for the efficient operation of mass trandit services. They
provide frequency, predictability, reliability and safety to world-best standards. Mexico City has
developed a many-tiered system of trangt, with the mass trangt Metro, intermediate carriers
(light rail, dectric trolley buses and suburban diesd buses), and a big range of paratransit feeder
sarvices. The development and gpplication of new smart paratrangit technologies and services
offers huge scope for servicing low-density suburbs in the advanced economies, but adso for
sarvicing the otherwise less accessible areas of developing country Megacities (Sperling, 1995
and APEC Center for Technology Foresight, 2000).

Transport Management

Traffic management techniques are capable of reducing traffic congedtion, increasing the
effective utilisation of highway capacity, and reducing emissions. Singapore has been aleader in
this area of policy. New technologies, such as advanced traffic smulators and intelligent vehicle-
highway systems, offer congderable scope for improving the efficiency of traffic management. In
inner-city areas, parking controls, restricted access, access tolls and traffic caming can be
employed. Again, Singapore is the leader in developing such policies. Transport logistics has an
important role to play in improving the efficiency of freight movements. New technologies now
offer the possibility of utilisng road pricing as a comprehensive technique for traffic management
and rationing road space (APEC Center for Technology Foresight, 2000).

Technology Development Policies

Provided it is part of a broader menu of policies including active demand management policies,
technology development palicies can make a big contribution to reducing transport emissons.
The OECD andysis suggests a policy of encouragement is necessary if timdy contributions to
transport sustainability are to be made by new technologies (OECD 1997c¢).

% Transit services include the following categories: rapid rail or mass transit; commuter or interurban rail;
streetcars or tramways; buses; and paratransit (vans, jitneys, shuttles, microbuses and minibuses).
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Cooperative research programs involving the public sector and companies, as occurring in the
United States, will have an important role to play in developing base technologies. The potentia
for developing anew range of energy-efficient vehidesis high if sufficent research commitments
are made. Public support may aso be needed in developing an infrastructure to support energy-
efficient vehicles. Inducements to secure private sector investments in new technologies may be
necessary. The Cdifornian mandatory targets for zero-emisson vehicles are an example of such
incentives. It is dso important that encouragement is given to the swift spread of gppropriate
technologicd development to the developing economies. The scope for new technologies amed
a improving the characteristics of paratrangit vehicles has big implications for trangportetion in
the mgor urban centres of developing economies (APEC Center for Technology Foresight,
2000).

The Fiscal Issues

Taxes have an important role in shgping trangport demand and encouraging the adoption of
more sustainable technologies in trangportation. Vehicle ownership and acquisition taxes have
been aggressively used to control car ownership in Singapore. Fud taxes can impact directly on
transport demand and technology development. Increased fuel taxes will have a greater impact
on sudtainability if accompanied by improvements in trangt services that increase the potentid
for intermodd subgtitution. Severd countries have investigated taxing vehides with high fud
consumption or emissions a relaively high rates compared with other vehicles and introducing
rebates for purchasing vehicles with low fuel consumption or emissons.

These and other taxes amed at transportation provide the fiscal means for funding sustainable
trangport infragtructure and other sustainable transportation projects. The revenues generated
could be of mgor importance for developing sustainable transportation projects (APEC Center
for Technology Foresight, 2000).

The Impact of Policies

The adoption of comprehensive sustainable transportation Strategies can have a big impact on
cities. The transformation of Hong Kong, China and Singapore from third-world cities some
three decades ago to internationa benchmarks for sustainable transportation owes much to the
policies pursued in those cities, particularly the integration of urban planning and transport
planning, the development of trangt infrastructure and the attention given to traffic managemen.

Research undertaken by the Trangportation Research Board in the United States on the impact
of various policies on carbon dioxide emissions from road vehicles indicates thet, by the year
2020, the biggest impact on emissons would come from the adoption of higher fuel taxes, with
improved urban planning and travel demand messures on the one hand and the introduction of
new vehicle technologies on the other having smaller impacts. By the year 2040, the impacts of
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both higher fud taxes and new technologies would be very considerable, leading to a marked
reduction in aggregate emissons. The smulations did not dlow for impacts associated with an
increased development of trangt services. What is important to note is that a combination of
policies will have a degp impact by deding with induced traffic associated with the adoption of
sgngle measures in isolation. Furthermore, most of the policies will take consderable time to
have a mgor effect. Urban form can change only dowly over short periods of time, and
technology development has a sgnificant gestation period. Even taxes have a far bigger effect
over a number of years than in the months following ther introduction (TRB 1997; OECD
1997c).

Socid impacts are expected to be postive as a result of increased traffic safety and the
provison of a wider range of trangport services available to lower-income groups. However, a
lot depends on how the tax revenues generated by the sustainable trangport policies are utilised.
Higher trangport charges may need to be offset by tax reductions for the lower-income groups.
There is ds0 a danger that urban restructuring integrated with improved trangt services may
push up the prices of housing in the restructured aress, pricing poorer people out of the most
accessible stes. Hence, specific socid policy interventions may be required, such as the
adoption of transport concessions for poorer people (ECMT, 1998).

So far as the economic impacts of sustainable transportation policies are concerned, the
important point to note is thet government will collect higher taxes or use-charges for transport.
This will dlow increesed government finance of infradructure improvements and other
sugtainable projects and, possibly, reductions in other taxes. Companies will face higher charges
for transportation but less traffic congestion, fewer accidents, and improved transport services.
Consumers will pay more for trangport, but enjoy safer, higher-quality transport services. The
impact on aggregate economic activity is expected to be smdl, but positive. (ECMT, 1998).

The Implementation of Policies

Integrated policy-making for transport remains hampered to a large extent by fragmentation of
policy responghbility both horizontally (across transport, environment, energy, finance and
indudry ministries) and vertically (across centrd, regiond and local governments). Moreover, in
many countries, municipa adminigrations are underbounded — subgtantid parts of the
metropolitan areas are outsde the boundaries of the centra city jurisdiction (OECD 1997c¢).

The diffuson of informetion about sugtainability to individuds within the cities is of vitd
importance in building support for sustainability policies. Education to broaden environmenta
literacy should be a key aspect of an overdl drategy for sustainable transport. Findly,
evauation of policies and plans is important to test the usefulness of different gpproaches over
time and againgt dternatives (APEC Center for Technology Foresight, 2000).
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Transportation and Emissions: Future Scenarios

Emissions and Transportation: A Simple Model

The Core Equations

The volume of globa warming emissons generated by the transportation sector, E, can be
moddled as:

E=eT (@)

where T represents the volume of transport movements and e represents emissions per unit of
T.

The effective demand for transportation, represented by T, can be represented as:
T=1(Y,P/P, 1) (2

where Y isreal GDP, P, is the price index for transportation services, P a generd price index,
and tt represents average travel time(with the extent of traffic congestion being amgor factor in
travel-time). T will vary directly with Y and inversdy with tt.

The emissons-intengity of trangport, g, can be represented as:
Q = fZ(ttl m1 |t) (3)

where m is the moda split of transport movements, and | represents innovation. e will vary
directly with tt (through the costs of congestion), inversdy with I, (many prospective innovetions
are emissons-saving in impact). In terms of trangport mode, e would be increased by a shift
towards motor vehicles, and decreased by a shift towards trangt services, bicycling and
pedestrian movements.

Findly, it is useful to condder the determinants of the efficiency and effectiveness of
transportation services, (T,):

Tq = fg(Kt, It, A) (4)
where K; is the volume of capitd employed in transportation (infrastructure), and |, represents
innovation, and A represents trangportation service improvements unrelated to K; and ..

Interrelationships

A more complex framework of andyss than that presented in the preceding section of the
paper alows for interdependencies between the variables in the modd.
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To begin with, consder the interdependency between transportation and Y. Equation (1)
consders the impact of Y on T. However, there is dso atrain of causation running in the other
direction. It is possible to argue that T, has an influence on Y. This reates to externdities
associated with T,. At an internationd level, transportation and communications, to a much
greater extent than changes in trade barriers, have been the key drivers of globdisation in the
past decade. Trangportation improvements facilitate a greater redisation of the classc datic
gains of internationd trade, while underlying some of the impetus to increased globa competition
(with accompanying xefficiency gains), and the more rgpid redisation of scde economies in
emerging indudries (particularly with respect to learning economies). For large nationd
economies, a dmilar process in relation to resource dlocation, competition and scae
economies, indicates a connection between trangportation improvements and the growth in

GDP capacity.

Secondly, let us consider the varigble P/P. Thiswill be influenced by:
The relationship between trangportation demand and capacity (hence the importance of
increasesin Kt in avoiding relative price increases associated with demand pressures);
Innovation in transportation, which will drive trangportation prices and costs down; 4
Fud prices, which will tend to increase PY/P because it is a fud-intensve sector.

Thirdly, there is trave-time (it). In the short-term, the degree of traffic congestion experienced
will be the mgor factor leading to changes in tt; investment in additiond trangport infrastructure
and innovation traffic management are two dternative approaches to deding with the problems
of congedtion. In the longer term, tt will be influenced by changes in the urban form and in
population density.

Utilising the Simple Model

The mode will be used to analyse three scenarios.
1. Economic growth as the principle driver of the trangportation sector, with no magor
emissons-saving innovations and no coordinated policy for sustainable trangportation.
2. Subgtantid progress in emissons-saving innovations dong with economic growth, but
no mgor advances in sustainability policies.
3. A combination of coordinated policies for sudainable transportation, sgnificant
emissions-saving innovations and economic growth.

Innovations can, in turn, be classified into two categories:
1. Innovationsthat have a major emissions-saving impact;
2. Other innovationsthat are not aimed at directly reducing emissions.
Examples of the later group include advancesin logistics, intelligent vegicel-highway systems, and
improvementsin transport vehicle design that are neutral in their effects on emissions.
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Economic Growth and Emissions

The first term in the equation for T is income. As we have dready observed, the income
eladticity of demand for trangportation services in the advanced economies is around one.
Hence, an economy generating annua growth of 3 per cent would experience a Smilar rate of
growth in the demand for trangportetion, other things being equa. However, in the developing
countries the income dadticity of demand for trangportation services is well in excess of unity,
sometimes as high as 2. This reflects factors such as the replacement of subsistence with market
€conomics, increasing urbanisation and urban sprawl, and rising car ownership. The high long-
term growth rates being experienced in some of the largest developing economies (China and
India being notable examples) implies extremdy rapid growth in transportation demand.

The second term in the equation for T is the price of transportation services compared with
genera prices (P/P). Short-term price eadticities of demand are quite low because travellers
can only respond to higher prices by reducing discretionary travel. However, over the longer-
term travellers have greater range of transportation aternatives, Estimates of long-term price
eadicities range form —0.2 to above —1.0, with an average of —0.53 (TRB, 1997). Over the
longer run we shdl assume for the purposes of congtructing this scenario that (1) trangportation
capacity rises to match transportation demand, (2) there is continuing non-emissons reducing
innovation in trangportation, and (3) rea fuel prices remain congant. In these circumstances,
P/P can be assumed to be constant.

The third term in the equation for T istravel time (tt). Research on petrol price and on values of
time suggest an overdl average long-term dadticity of traffic with respect to trave time of
around unity (ECMT, 1996). We assume that investment in transport infrastructure is sufficient
to keep tt congtant in the medium-term. With tt and P/P assumed constant, the demand for
transportation will tend to ris eat the same rate as GDP in the medium term.

Now let us examine the emissons-intendty of trangport, & under this scenario. We have
assumes tt is congtant over the medium term, and innovations in trangportation is not emissions-
reducing. The behaviour of m, the moda split of transportation, is of critica importance. The
generd in both advanced economies and rapidly developing economies has been for motor
vehicles to gain an increase share of the market againgt rail and other modes of transport. Since
the emissons-intengty of motor trangport is higher that the other modes; this will lead to an
increase in the emissons-intensity of transport, e.

S0 our firdt scenario gives rise to an increase in emissons from trangportation in the advanced
economies as a result of an increase in T proportiond to the increase in GDP and arisein g.
The overdl growth in emissons would exceed that of GDP. In rapidly developing economies
the growth in trangportation emissons would be much higher since the income dadticity of
demand for trangportation is well above unity and the shift in modes of trangport more rapid.
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This scenario, while feasble in the medium term, is not sustaindble in the long term. It would
lead to mounting economic and environmenta cogts. Continuing economic growth aong with
accompanying transport demand would eventudly lead to an increase tin travel time (tt) as
increased economic dendty and urban sprawl created problems for traffic management and
rased the codts of the transport infrastructure required to ded with congestion problems.
Moreover, continuing growth in transportation demand would sooner or later put mgor
pressure on fud prices and thereby increase relative transport prices. In both of these cases, the
growth of trangport demand would be reduced, and economic costs would lead to reduced
GDP growth.

But this scenario would dso give rise to ggnificant environmental costs in terms of locd air
pollution and globa warming emissons. For this reason, dternative scenarios need to be
examined.

Innovation and Emissions

Innovetions in trangportation are driven by many influences. Advances in logistics endble
companies to minimise their working capita while enjoying efficient transport services, but do
not necessarily reduce the overdl demand for transportation (they may, in fact, increase it).
Other innovations are aimed a increasing consumer amenity, or improving safety. However,
there are a broad group of innovations that will have the effect of reducing globa warming
emissons, reducing locd ar pollution, and decreasing the consumption of crude ail. This is
particularly the case for such innovations in vehicle design as dectric and hybrid vehicles, other
vehicle design improvements that reduce fuel use, and new types of para-transit vehicles.

A hypothetica scenario developed by the US Transportation Research Bureau (TRB 1997)
assumes thet new vehicles emit only one-third as much CO, per mile as conventiond (basdline)
vehicles. Starting in 2010, the new vehicles are introduced into the fleet so that by 2020 they
account for five per cent of total VMT. Ther popularity quickly grows as the technologies
become more mature and consumer familiarity increases. Thus, by 2030 they account for 20
per cent of VMT, rising to nearly hdf of dl VMT by 2040. Emissons of carbon dioxide are
reduced below the base projection by four per cent by the year 2020 and by 32 per cent in
2040.

The purpose of this scenario isto illugtrate graphicaly that the development and introduction of
new technologies — even with fairly aggressive assumptions about effectiveness in reducing CO,
emissons and introduction — may require several decades to bring CO, emissions back to
present levels. Mot evident are the years of lead time required for low-emisson technology
development and the lags that are likely in expanding consumer acceptance and use. Although
this is only one of many plausble scenarios, it portrays the importance of early research,
development, and demonstration (APEC Center for Technology Foresight, 2000).
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This scenario dso congders only the direct effects of emissons-reducing innovations on tota
emissons. The indirect effects of innovation on emissons may not be quite so favourable. The
grong climate for innovation in trangportation should lead to a reduction in P/P. This, in turn,
will gimulate the overal demand for transportation (T). Innovation leading to quditative
improvements in trangportation could aso simulate GDP, further increasing T.

So, there are two disadvantages of atechnology-only strategy for reducing emissons from
trangportation. The fird is that the mgor innovations will take time to develop and time to
achieve market acceptance. The second is that they could give rise to partialy offsetting
influences on emissons levels. But technology may aso have a direct effect on T as well as e.
Virtud technologies could reduce the demand for transportation & given levelsof Y.

The Implementation of Policies for Sustainable Transportation and Emissions

In the third scenario we anadlyse the combined effects of comprehensive policies for sustainable
transportation and an accelerating rate of emissons-reducing innovation. To begin with, we
condder the impact of individua policies on emissons in isolation before examining the effects of
combined policies.

The integration of urban land planning with transport planning.

The OECD argues that a comprehensive gpproach to land use planning along with the adoption
of active traffic management policies could substantially reduce congestion and pollution. Car
owners would have more dttractive aternatives to travel by public transport, on foot or by
bicycle. Dependence on cars would be reduced and traffic growth in urban areas might cease
dtogether, though overdl travel levels and CO, emissons would continue to rise (OECD
1997¢).

The US Department of Transport has constructed some projections on vehicle travel, petroleum
use and carbon dioxide emissions out to the year 2040. The scenario incorporating efforts to
reduce motor vehicle travel through demand management methods and land use planning
reduces motor vehicle travel relative to the basdline trend on the order of 5 per cent by 2020
and 10 to 15 per cent by 2040. This 4iill leaves Stuation in which petroleum use continues to
grow by around 40 per cent between 2000 and 2040 (TRB, 1997).

Land use planning has three main effects on the level of emissions produced by transportation.

1. ItreducesT for agiven leve of Y and it reduces the income eadticity of demand (the
increase in T associated with a given rise in Y). More compact urban land use reduces
the need for travel, enables travel by foot.

It reduces e through a shift in trangport mode from car travel towards trangit.

3. It reduces the price dadticity of demand for travel (the impact of P/P on T) by
increasing the range of dternatives available to the potentid traveller — foot and trangit
become more comptitive with the car.

N
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However, the introduction of more sustainable land use planning would take a very long time to
impact on emissons. This is because of the so-cdled “margindity problem” (Downs, 1992).
The margindity problem recognises that most development of the last 30 to 40 years has been
dispersed, that new community desgns emphasiang transit and non-motorised travel are most
likely to be adopted only in new developments at the periphery of established communitiesor in
emerging metropolitan areas, and the new development would therefore have to be far denser
to raise the average dengity of a metropolitan area. Here, change needs to encompass high-
dengty rather than the more norma low-density development. Unless population growth is very
rapid, it would take many decades to exercise amgor impact on the overal urban form.

Fuel Taxes

The scenario put forward by the US Transportation Research Board (TRB, 1997) assumesa 3
per cent annud increase in petroleum prices and a long-run price dadticity of demand for
petroleum of —0.4. The scenario demondtrates that changesin petroleum prices can have alarge
influence on petroleum demand. The projections developed show that the amount of petroleum
used by motorigts after 20 years would be about 15 per cent lower than under the basdine
scenario and 35 per cent lower after 40 years.

Not consdered in this smplified scenario are the means of achieving these higher prices
consdered (eg., through tax policy or supply and demand forces). In the event of risng
petroleum prices, motorists may switch to aternative fuels as part of their response, and these
dternatives may or may not produce significantly less CO, than traditiona petroleum motor
fuels. In this regard, a graduated energy tax based on fossl carbon content or greenhouse
emissons would offer more incentive for motorists to demand and suppliers to develop
technologies low in fossil carbon emissions (APEC Center for Technology Foresight, 2000).

Energy taxes will tend to raise R/P and hence reduce T. They dso encourage fue-saving
emissions and hence reduce g as well. In the very short run, the price dadticity of demand for
trave is quite low because travellers have limited options for change, but in the medium-term,
energy taxes can be quite effective in impacting on emissons.

Managing Transport Demand

Consdered individudly, most travdl demand measures offer prospects for incrementd
decreases in motor vehicle trave: their collective effort, however, could be of mgor sgnificance.
Their aggregate impact is conddered aongsde that of urban planning in the previoudy cited
TRB study (see above, TRB 1997).

Transport management policies have the capability of reducing e through minimising congestion.
They may dso raise the implicit R/P for some trangport movements and reduce T, adthough
positive effects on Y and congestion may partidly offset these primary negative impacts on
emissons. Advances in travel demand management depend, in part, on the adoption of
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advanced highway infrastructure, and the development of gppropriate traffic Smulation models.
Once the appropriate infrastructure isin place, they can have a speedy impact on emissons.

Other Policies

The Development of Trandt Services

The development of trandt services through operationd reforms and the congtruction of Sate-
of-the-art infragtructure is a further avenue of sustainable trangportation policies. Such policies
will shift the trangport mode away form car use to trangit services, thereby reducing e.

Encouraging Emissons- Reducing Innovation
Fiscal and other incentives for emissons-reducing innovation can bring forward the timetable for
mgor innovations, thereby reducing e.

Incentives for Transport Saving Through the Adoption of Virtua Technologies
The impact of such incentives remains a little uncertain, dthough it could reduce T a agiven Y
and, perhaps, aso reduce the income eagticity of demand for transportation.

The Combined Effects of a Total Sustainable Policy Package

The OECD (1997c) adds to the adoption of best practice land use, demand management and
trangt policies a progressvely increasing fud tax to sgnificantly reduce vehicle travel. Taking
into account IPCC targets, the example consdered is that of a seven per cent annud risein red
terms in the price of fud over the next twenty years. This is estimated to reduce the amount of
fud used to about a third of the forecast level of consumption 20 years from now, i.e. to about
half of today’ s consumption, with a corresponding reduction in CO, emissions.

This saving would reflect a reduction in car trip lengths of gpproximately a third, and nuch
dower growth in car ownership and car travel over the next twenty years (perhaps 10 to 15 per
cent instead of the forecast 50 per cent). High fud prices should lead to more economical

driving styles, smdler and less powerful vehides and further improvements in fud economy
(perhaps as much as athird) arisng from improved engine design. High fud costs would provide
a grong incentive to improve the efficiency of road freight transport and to shift freight to other
modes.

This OECD anaysis goes part of the way towards estimating the impact of out third scenario on
emissons. The totd package of sugtainable trangport policies, combined with accelerating
emissons-reducing innovation, can be expected to have a comprehensive impact on the factors
generating trangport emissions. The following summary indicates how thisis so.

The combined effects of a total policy package are to reduce emissions by decreasing both g
andT.
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The policy package reduces e, through:
Encouragement to emissions-savings innovation through a combination of incentives and
energy/fuel taxes,
The shift to trangt mode as aresult of trangit development and land planning; and
The reduction in congestion as aresult of advances in trangport management.

The pollcy package reduces T through:
The direct effects of land planning reducing transport movements,
A higher P/P because of fuel taxes,
An increased price dadticity of demand as a result of land planning, transt development,
innovations, increasng the impact of fud taxeson T; and
A reduced income dadticity of demand through land planning and, perhaps, the utilisation
of virtud technologies.

The Implications for Economic Development.

An imperative for sugtainable trangportation is that traffic modes and flows that are socidly
cogly are redtrained, either through the pricing mechanism or by regulatory means. Such a
srategy would, of itself, impose a cost pendty on countries or regions that could impact on their
economic competitiveness and capecity to deliver increased employment opportunities.
However, this potentidly harmful impact could be offsst by technologica and managerid
improvements that provide quaitatively improved access for individuds and mgor efficiency
improvements in the whole freight system.

The analysis of the impact of the internalisation of external costs associated with transportation
conducted by ECMT (1998) indicates benefits to government finances in the firgt ingtance.
Internalisation will reduce government expenditure on infrastructure, hedth care and socid
security. Furthermore, governments will collect the higher use-charges for transport. The ECMT
andyss assumes that the full financid gain to governments will be recycled in the economy
through lowered tax rates.

Companies face hgher trangport costs resulting from higher use-charges and dricter vehicle
dandards, benefits from compensatory tax cuts, and reductions in costs associated with
congestion and losses associated with traffic accidents. The net effect can be expected to be
positive, because higher use charges are fully compensated for by lower taxes, and because of
benefits from other cost reductions. However, this does not mean that every individua company
benefits, but logistic and locationd adjustments could offset much of the net loss.

Consumers are confronted with higher use-charges, which will reduce growth in mohility. This

represents a welfare loss, at least in the short run before spatia patterns of organisation adapt.
This change is compensated for by lower taxes of one kind or another. In addition, there are
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gans in nonfinancia types of welfare, less personal distress associated with fewer accidents,
fewer time losses in congestion, and a safer, hedlthier, more pleasant environment. The net result
is expected to be a smdl financid gain and an increase in totd welfare. As a consequence,
reduced mobility — and thus expenditure on transport — results in extra consumption of other
goods and services (ECMT, 1998).

The ECMT andyss suggests that the competitive position of European indudtry is affected by
interndisation policy in three ways @ more expendve trangport resulting form dricter vehicle
sandards and higher use-charges, b) reduced generd taxation; and ¢) reduced costs from
congestion and less loss of production from traffic accidents.

Although the net result can be expected to be postive for busness as a whole, specific
subsectors might face higher costs. A few generd remarks can be made about this issue:
- Trangport intensve indudtries face both higher transport costs and lower congestion
related time losses, the net effect depending on specific circumstances,
The policy measures to be sdlected largely determine the didtribution of costs and benefits
among subsectors,
If the competitive postion of an indugtry is harmed by interndisaion, specific
compensating policy measures can be considered in the total policy package;
End-use transport prices rise by around 20-30%, but transport costs make up only afew
per cent of total production costs; and
Companies will probably adapt their logistics and spatid economic organisation a little,
reducing the impact of totd cogsin the longer term.

Assuming that the compstitiveness of industry is not substantialy affected by interndisation
policy, what are its likely impacts on economic growth and employment? The Centrd Planning
Bureau, the economic indtitute of the Dutch government, has modelled the impact of measures
such as very drict vehicle sandards, an increase in fue taxes, VAT on flights in Europe and
gpeed limiting devices on trucks. A subgtantid reduction in growth of road and ar treffic is
expected. The revenues of the fuel tax are recycled through rdief in labour taxes and employer
contributions to socid security payments.

The main concluson of the moded calculaions is that the macroeconomic impact of the policy
package is smdl, despite the subgtantia shift in consumption patterns. Households shift ther
consumption patterns away from car driving towards luxury goods (such as furniture and
gppliances) and tourism. A similar shift takes place in production: less transport, more services.
As a consequence of these shifts, total employment increases a little, mainly because of the
reduced labour costs. There is no recurring inflation effect; prices rise by afew tenths of a per
cent but only in thefirs few years

Other economic studies assess the impact of environmenta policy in generd and dso integrated

with economic policies. With respect to the firdt, there is a dight negative impact on GDP and a
zero impact on employment, with a dight increase in prices. With respect to the second, thereis
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adightly postive impact on GDP and amargindly higher impact on employment then GDP, and
anincreasein prices (ECMT, 1998).

Conclusions

1. Globa warming emissons arisgng from trangportation can be minimised through the
implementation of a comprehensive sustainable trangportation srategy combined with
mgor innovationsin trangport technologies.

2. While concerns about globad warming are one reason for seeking to implement
sugtainable transportation drategies, such strategies are o necessary to ded with
other important problems such as locad air pollution and traffic congestion. In terms of
the politics of change, it will be necessary to build a codition of interests in order to
achieve the political climate necessary for the implementation of sudtaingble
trangportation Strategies.

3. The economic andyss of sudainable transportation suggests that economic and
environmental gods can be reconciled, and an environmentaly sustainable
trangportation system can be a positive factor in economic development. On the other
hand, failure to ded with sustainability issues in the medium term can lead to the growth
of new congtraints on economic developmen.
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