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I. TRANSPORT AND COMMUNICATIONS
DECADE FOR ASIA AND THE

PACIFIC, 1985-1994*

A. Background better maintenance of the existing system and for tech-
nological change to eliminate obsolete facilities and to
adopt and adapt better technologies for improving operating
efficiency. Other major tasks in the area of transport and
communications include providing accessibility to isolated
communities, improving intermodal complementarities,
management and manpower development, rationalizing
energy efficiency, simplifying documentation and pro-
cedures and attending to the environmental aspects of
transport development.

1. The past three decades of development in the coun-
tries of Asia and the Pacific have seen enormous changes
in the level, extent and composition of economic per-
formance. While there have been great achievements in the
rapid expansion of gross domestic product (GDP), funda-
mental infra structural requirements, particularly in the
transport and communications sectors, have not received
adequate attention. Aithough transport and communica-
tions typically contribute around 5-7 per cent of GDP in
the developing countries of the region, this figure seriously
underrepresents the full contribution of these sectors to the
resolution of the development issues facing these countries.
The deleterious effects of this neglect were compounded by
the several oil price crises, which served to divert already
scarce resources further away from maintenance and impro-
vement of the transport and communications infrastructure
to the more immediately evident, but nevertheless ephemer-
al, need to cover day-to-day operating costs.

B. 

Resolutions Adopted

5. Recalling General Assembly resolution 35/56 of 5
December 1980, to which is annexed the International
Development Strategy for the Third United Nations Devel-
opment Decade, and, in particular the development ob-
jectives for the transport and communications sectors
contained in the Strategy, namely, that "the physical and
institutional infrastructure in developing countries should
be expanded at rates that fully support the rate of expansion
of the economy as a whole, and adequate financial and
technical resources should be provided for that purpose",l
the Economic and Social Commission for Asia and the
Pacific adopted resolution 230 (XXXVIII) on a transport
and communications decade for Asia and the Pacific, in
April 1982.

2. It scarcely requires elaboration to point out that the
key economic and social issues are intin1ately linked with
the availability of adequate transport and communications
facilities. Sin1ilarly, it is patently obvious that the provision
of inputs to both agriculture and industry and the market-
ing of these sectors' outputs are fully dependent on trans-
port and communications facilities. At a deeper analytical
level, it is clear that the optin1um allocation of the essential
factor inputs into the production process, on the one hand,
and the optin1um distribution of their outputs so as to
maximize economic efficiency and the nation's develop-
ment objectives, on the other, are fully dependent on the
provision of adequate transport and communications
services. The availability of adequate transport and com-
munications facilities serves as an incentive to the growth
of these key sectors, while gaps or shortfalls act as crucial
bottle-necks to the producation and distribution of goods
and services.

6. In pursuance of that resolution and taking into
account the problems and constraints in the transport and
communications sectors, the ESCAP secretariat, during the
last two years, consulted the member countries extensively
by circulating approach papers and through missions. The
proposal was deliberated thoroughly at various seminars,
workshops, intergovernmental meetings, legislative com-
mittees and at a meeting of ministers, all of which supported
the proposed proclamation of the decade. Several intergov-
ernmental meetings developed sectoral strategies for the
decade which were subsequently taken into account in
formulation of the draft action programme.3. The increasing population in the region and the need

for economic and social development pose serious challenges
in the transport and communications sectors. Increasing
urbanization, better access to education and health facilities,
and the development of tourism all require a massive
growth of the transport and communications system.

7. Among others; the Regional Conference-cum-Seminar
on Development and Management of Telecommunications
in Asia and the Pacific in January 1982, the Intergovern-

4. Connected closely with the growth that is necessary
in the transport and communications system is the need for

.

Note by the secretariat
1 General Assembly resolution 35/36, annex, para. 30.



mental Railway Group Meeting in August 1982, the Work-
ing Group of Experts on the Trans-Asian Railway Network
and the Asian Railway Master Plan in October 1982, the
Committee on Shipping, and Transport and Communica-
tions meeting in December 1982, the Intergovernmental
Meeting of Highway Experts in February 1983, the Meeting
of the Ministers Responsible for Railways in February-
March 1983, the Intergovernmental Meeting on Tourism
Development, held at Tokyo in March 1983, the Seminar/
Symposium on the Post in the 1980s in May-June 1983, the
Meeting of Ministers responsible for Railways in South-Asia,
held in Sri Lanka in July 1983, Asia-Pacific Railway Co-
operation Group session in July 1983, and the World
Communications Year Seminar, held in Kuala Lumpur in
December 1983, all recognized the importance of transport
and communications infrastructure and felt that there was
an imperative need for ensuring phased development of a
well-balanced, co-ordinated, modern and efficient transport
and communications system. Those meetings stressed that
a decade would help to bring into sharp focus the crucial
role of transport and communications and the related
issues and problems and it would provide an opportunity to
review and analyse and take up programmes and projects to
strengthen the transport and communications infrastructure.
The development of those sectors would go a long way in
promoting economic and social development, assisting in
poverty alleviation programmes and improving the social
well-being of millions of people in the region.

Nations interagency co-ordination and avoid duplication of
work.

9. The Economic and Social Council, at its forty-first
plenary session in July 1983, adopted resolution 1983/69,
which inter aliI endorsed ESCAP resolution 234 (XXXIX).
It also requested the Secretary-General to extend all neces-
sary facilities and support to enable the Executive Secretary
of the Economic and Social Commission for Asia and the
Pacific to prepare a comprehensive programme of action for
the decade, and called upon the Economic Commission for
Western Asia tQ take appropriate action to collaborate with
the Economic and Social Commission for Asia and the
Pacific for the incorporation of the Western Asian region in
the programme of action for the decade.

10. In pursuance of resolution 234 (XXXIX), the Ad Hoc
Intergovernmental Group Meeting in Preparation for a
Transport and Communications Decade for Asia and the
Pacific, 1985-1994 was established. The Group held two
meetings, from 10-13 October 1983 and from 23-26
January 1984.

C. Major findings of the Intergovernmental Group

1. The need for a transportation and
communications decade

11. The Group noted that, in sharp contrast to the
historical experience in the developed countries, the trans-
port and communications infrastructure in the developing
countries had not received adequate attention as a leading
element in the development process. Transport and com-
munications in the developing countries had responded
slowly to the pressing needs of the people rather than
acting as an impetus to self-sustaining development.

8. The results of the consultations with member coun-
tries and the extensive deliberations at various meetings
with respect to the proposed transport and communications
decade were duly reported to the Commission at its thirty-
ninth session in April 1983. At that session, the Commis-
sion adopted resolution 234 (XXXIX). The resolution,
inter alia, requested the Executive Secretary to consider the
setting up of an ad hoc intergovernmental group:

12. As latecomers in the ficld of transport and com-
munications, the developing countries had a historical
advantage in the sense that they had access to advanced
transport and communications technology as well as
advisory services from the developed world to enable them
to leapfrog the development process in certain critical fields.
Yet various factors intervened to prevent the leapfrogging
process from materializing in many developing countries.

(a) To prepare a phased programme of action for
the decade with a view to ensuring the development of
well-balanced, co-ordinated, modern and efficient transport
and communications systems to enable the members and
associate members of the region to accelerate their socio-
economic development and to attain self-reliance in those
sectors, and to promote subregional and regional co-
operation, and collaborative arrangements, particularly
among the developing countries, for achieving collective
self-reliance in the fields of transport and communications;

13. Lack of co-ordinated planning, wasteful and unneces-
sary competition among the different modes of transport,
the slow pace of adaptation of new technology, managerial
shortcomings, inadequate manpower development, insuf-
ficient maintenance, financial constraints, and consequently
low levels of productivity and operational efficiency were
considered by the Group to be major factors responsible for
slow progress in the sector. All those factors had received
less than the degree of attention needed to support effec-

(b) To assess the financial implications of the pro-
gramme of action and make appropriate recommendations
in respect of the mechanism to ensure the implementation
of the programme at the country and regional levels;

(c) To take appropriate steps to ensure United
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tively and adequately the development process of the
economy at the desired and planned pace.

(a) To promote the aim, set out in the Internation-
al Development Strategy for the Third United Nations
Development Decade, of ensuring that the physical and
institutional infrastructure in developing countries is ex-
panded at rates that fully support the rate of expansion of
the economy as a whole, and that adequate financial and
technical resources are provided for that purpose; further-
more, and in particular, to give special attention to over-
coming the bottlenecks and constraints of transport and
communications faced by the developing countries, particu-
larly with a view to strengthening intraregional and inter-
regional links;

14. The opening up of the huge rural hinterlands of Asia
and the Pacific and the development of the agricultural
sector in the economies of the countries in the region
would not be reasonably possible without an effective and
efficient transport and communications system to link
production and market centres and provide information
and education to the rural poor.

15. FurthermQre, industrial development, which in the
past had taken place mainly in densely populated areas,
could not be sustained or more evenly distributed, partic-
ularly where competition in international markets was
fierce, if the industrial sector could not take full advantage
of economically optimum locations because of an inadequate
transport and communications system.

16. For those reasons and others, the Group emphasized,
transport and communications had to be regarded as an
integral part and necessary ingredient of overall economic
and social development.

(b) To pursue the policy measures outlined in the
International Development Strategy for the Third United
Nations Development Decade regarding the transport
sector, with specific reference to sea-borne trade, ports and
related inland transport facilities, air transport, road and
railway transport, and the financing of transport sector
development;

(c) To implement the request contained in the
International Development Strategy for the Third United
Nations Development Decade that the regional commissions
should prepare action programmes to support the efforts of
developing countries in the implementation of the Strategy
in their respective areas.

17. Once that was fully recognized, concerted attention
would have to be given to those sectors and the problems
facing them. The central purpose of a decade of focused
attention to a specific topic of development or specific
problems was to highlight the importance of issues hitherto
neglected in order to take the necessary steps for imple-
mentation of action designed to correct past imbalances. It
was against such a background that the Group had proposed
that a transport and communications decade for Asia and
the Pacific, 1985-1994, should undertake certain essential
tasks. It should, first, promote awareness among planners
and policy-makers of the importance of transport and
communications for economic and social development and
highlight the impact of an effective and efficient transport
and communications network comprising all modes and
means in an integrated way. Secondly, it should identify
systematically and in a comprehensive manner the problems
of transport and communications in the region. Thirdly, it
should facilitate co-ordination and co-operation in trans-
port and communications matters among countries in the
region and between concerned regional and international
organizations.

(d) To develop appropriate, well-balanced, co-
ordinated and efficient transport and communications
systems to enable the member countries of the region to
accelerate their socio-economic development and to attain
a certain degree of self-reliance in those sectors;

(e) To promote regional and subregional co-
operation and co-ordination among the different countries
for achieving collective self-reliance in transport and com-
munications and to improve the economic, social and cul-
tural relations between them.

20 Among the immediate objectives should be included:

(a) To pursue and integrated approach to the
medium- and long-term planning of the transport and com-
munications sectors through multi-modal planning and
through sectoral planning within the framework of national
development planning and regional, subregional, and
international co-operation and co-ordination of transport
and communications activities;

2. 

Objectives
(b) To pursue policies conducive to increased

efficiency in the transport and communications sectors,
including policies ensuring appropriate pricing of transport
and communications modes consistent with national
objectives, co-operation and co-ordination between the
public and private sectors, the adoption and adherence to

18. The Group considered the objectives of the proposed
decade in terms of longer-term development objectives and
shorter-term immediate objectives.

19. Among the development objectives should be in.
cluded:

3



which would thus serve as further specifications of the
strategy for the decade.

appropriate international conventional optimum utilization
of the transport and communications infrastructure, and
manpower development and training;

23. Twenty-two thrust areas constituting the basic
strategy for the decade were derived by the Group directly
from the immediate objectives and were grouped under
those objectives for purposes of clarification. The thrust
areas were delineated with particular attention to the
recommendation of the Committee on Shipping, and
Transport and Communication, at its seventh session in
November 1983 that they should "focus attention on
the most crucial problem areas instead of spreading limited
resources on too many areas". In specifying the thrust
areas, the Group indicated that special attention should be
given to the special problems encountered by the least
developed, land-locked and developing island countries of
the region.

(c) To facilitate international traffic and com-
munications, with specific reference to improving classifica-
tion and standardization of traffic and communications
processes and adoption and adherence to international
conventions concerning traffic and communications flows;

(d) To develop transport and communications so as
to improve living conditions in rural and isolated com-
munities as well as in urban and other congested areas and
to ensure, in so doing, environmental protection and public
safety;

(e) To rationalize the use of energy in transport
through appropriate pricing of alternative forms of energy,
application of energy-saving techniques, and promotion of
energy-conserving transport and communications modes; 24. The Group agreed that the 22 thrust areas should be

placed in priority order to meet the specific development
requirements of member countries within available re-
sources. The thrust areas, grouped under the six immediate
objectives for the decade, were formulated by the Group
as follows:

(f) To develop channels for technology transfer in
the field of transport and communications, to adopt such
technology to national requirements, and to develop
indigenous technologies for self-reliance.

Objective A. Integrated transport and communica-
tions planning:3. Strategy

21. The Group considered the basic rationale and com-
position of a strategy for the decade. In framing a decade
of intensive action to highlight the special role played by
the transport and communications sectors in the develop-
ment process in the ESCAP region and to resolve the
critical issues facing those sectors in order that they might
be permitted to make the fullest contribution to the
region's development, it would be necessary to be entirely
clear about the issues to be tackled. The gaps and bottle-
necks considered by the Group to be the most critical in
the transport and communications sectors included the
lack of an integrated, multi-modal approach to planning;
insufficient emphasis on rational costing, pricing and
utilization of inputs and outputs; inadequate development
of appropriate operating procedures, institutions, research
and development, and training; and insufficient access to
the financial resources required for improved maintenance
of existing infrastructure and expansion of that infrastruc-
ture. Those issues were fully reflected in the six immediate
objectives of the decade as formulated by the Group.

(1) Integration of transport and communica-
tions planning with medium- and long-term
natiohal development planning;

(2) Co-ordination of modes and means of
transport and communications;

(3) Regional, subregional and international co-
operation in transport and communications;

(4) Statistics and information systems con-
cerning transport and communications for
development;

(5) Promotion of research and development
capability in transport and communica-
tions;

(6) Promotion of public awareness concerning
the role of transport and communications
in development.

Objective B. Policies for increased transport and
communications efficiency:

22. A more detailed delineation of the major "thrust
areas" comprising the strategic variables for the decade was
also formulated. Those thrust areas would form the basis
for the proposed regional programme of action, guidelines
for national programmes of action and phasing, and cost
implications and qrganizational arrangements of the decade,

(7) Appropriate pricing of transport and com.
munications modes and means;

(8) Co-operation and co-ordination between

4



4. Regional action programme for a transport and
communications decade for Asia

and die Pacific

the public and private sectors in transport
and communications matters;

25. The Group agreed that the proposed regional action
programme should in the fIrst instance be framed only for
the first quinquennium of the decade, covering the years
1985 to 1989. It should be divided into two phases, with
phase I covering 1985-1986 and phase II covering 1987-
1989. The programme covering the second quinquennium
of the decade (1990-1994) would be identified later as a
result of the action taken and projects executed during the
first two phases.

(9) Optimum utilization of transport and
communications infrastructure, including
maintenance;

(10) Manpower development and training in
transport and communications.

Objective C. Facilitation of international traffic and
communications:

(11) Improvement of classification and stan-
dardization systems for traffic and com-
munications facilitation; 26. In identifying programme areas, due account was

taken of the ongoing activities of ESCAP and of the regional
projects and activities of non-ESCAP organizations and
agencies concerning transport and communications. Due
recognition was given to the activities already included in
the ESCAP programme of work and priorities for 1984-
1985, as approved by the Commission at its thirty-ninth
session in April 1983.

(12) Facilitation of international traffic and
communications movements.

Objective D. Transport and communications for
improved rural and urban living
conditions;

(13) Transport and communications improve-
ments in rural and isolated communities;

(14) Improvement of mass transport facilities in
urban and other congested areas;

(15) Promotion of growth poles through trans-
port and communications;

27. The phased regional action programme for the decade
was considered in the context of the objectives and basic
rationale and strategy as formulated by the Group. In
further elaboration of the thrust areas that had been
identified as the constituent elements of the strategy for
the decade, the Group recognized two broad programme
areas in which work could be undertaken at the regional
level. The first of those areas consisted of activities which
were strictly regional in character. The implementation of
such activities would require regional and/or subregional co-
operation among member countries with the special objec-
tives of achieving greater collective self-reliance in transport
and communications and an improvement of economic,
social and cultural relations among the member countries.
The second of the areas consisted of activities intended to
support and assist the member countries in the implementa-
tion of activities falling under the decade strategy at the
national level. Such efforts were understood to include the
incorporation of adopted programmes at appropriate points
of time in national development plans.

(16) Environmental protection and safety in
transport and communications.

Objective E. Rationalization of energy use in trans-
port and communications:

(17) Pricing of alternative energy forms in
transport and communications;

(18) Techniques for the rational use of alterna-
tive forms of energy in specific modes and
means of transport and communications;

(19) Promotion of energy conservation in trans-
port and communications.

Objective F. Development of transport and com-
munications technology:

28. The phased regional programme of action for the
decade as finally proposed by the Group covered the 22
constituent thrust areas of the decade strategy. The Group
gave due attention to each of the sub sectors comprising
the transport and communications sectors. The fmalized
regional action programme was as follows:

(20) Improvement of channels for technology
transfer for transport and communications;

(21) Adaptation of modern transport and com-
munications .technology to national re-
quirements;

(1) Integration of transport and communications planning
with medium- and long-term national development
planning

(22) Development of indigenous transport and
communications technology. I: Training courses on integration of transport andPhase
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communications planning with national devel- Promotion of shared computer facilities for
opment planning air traffic management

Modelling and projections of transport and Development studies on regional satellite and
communications demand and supply for submarine cable communications systems

development planning
Development of co-operative and co-ordinated

Phase II: Continued training and further development of television and radio broadcasting in the region
models for projection of transport and com-
munications demand and supply as part of (4) Statistics and information systems concerning trans-
over-all development planning Assistance to port and communications for development

national transport policy studies 0 0
Phase I: Installation of a computenzed data bank On

(2) Co-ordination of modes and means of transport and transport and communications

communications 0
Development of a uniform and standardized

Phase I: Promotion of optimum intermodal mix con- transport and communications statistics/
tainer transport and transport co-ordination information system

through appropriate policies and mechanisms, 0
d t o f It O d 1 t Phase II: Operation of data bank for the transport and

an promo Ion 0 mu ImO a ransport to 0 .
0 0 communIcations sectors

achieve optImum use of resources at the lowest
economic and social cost Improvement and upgrading of data base

Phase II: Promotion of assistance in the implementation Setting up a port development data bank
of appropriate policies and mechanisms for
effective co-ordination of different modes (5) Promotion of research and development capability

in transport and communications
(3) Regional subregional and international co-operation

in transport and communications Phase I: Studies on future trends and prospective
problem areas in transport and communications

Phase I: Promotion of effective programmes of technical
co-operation among developing countries Survey and evaluation of needs and capacities
(TCDC) and economic co-operation among of national transport research and development
developing countries (ECDC), particularly the institutions in member countries
Trans-Asian Railway and the Asian Railway
Master Plan Asian Highway Promotion of total distribution cost studies for

development of air cargo and other modes
Master plan of regional telecommunications
network Promotion of research facilities in the region

for development of suitable inland water
Promotion and facilitation of sea, sea-cum-rail/ transport technology
road and through railway traffic

Studies of development of alternatives to
Joint maintenance and overhaul facilities for transport and new modes of transport, includ-
airlines ing slurry pipelines

Pooling of air cargo services Phase II: Continuation of work initiated in phase I

Integrated intra-ASEAN shipping and ferry Development of regional research capabilities
services in the transport field

International symposium on national policy (6) Promotion of public awareness concerning the role
and regional co-operation concerning ports of transport and communications in development

Phase II: Continuation of work initiated in phase I Phase I: International symposium on the future of all

modes of transport and communications in
Harmonization of national development plan- the region

ning efforts for collective transport and com-
munications self-reliance Promotion of public awareness though provi-
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sion of better information on cost implications Promotion of electronic data-processing sys-

of transport and communications development terns for transport information including

G .d . f .labl wagon control on rail systems, air cargo opera-
Ul ance on approprIate use 0 aval e t. d .

tr . l.t. ff . f hr h d .Ions, roa mam enance
laCll les, tra lC sa ety etc., t oug au 10-

visual and other means Studies of methods for constructing less main-

Ph II C t . t . f t .. t ... t . t d . h I tenance-intensive rural roads, and training
ase : on mua Ion 0 ac IVl les ml la e m p ase ti .

lla 1 d lab b dcourses or Vl ge ea ers on our- ase

(7) Appropriate pricing of transport and communica- rural road maintenance.

tions modes and means
(10) Manpower development and training in transport and

Phase I: Studies on principles and practices of interna- communications

tional rail freight rates, toll roads, sale and purchase of ships, port pricing and investment Phase I: ~~slstance ~ strengthenmg management capabl-

policy, and telecommunications tariffs in the li~les of railwa~ .personnel, road t.ra~sporters,

region highway admmlstrators, and alrlme staff

particularly in cargo operations

Review and analysis of studies on road-user
st d ha Assistance in upgrading of seafarers' trainin gco s an c rges

centres/academies
Phase II: Continuation of work in phase I S . t d t d .

Ia demlDar-cum-s u your on mo ern m n

(8) Co-operation and co-ordination between the public waterway techniques for management

sector and private sectors in transport and com- D 1 t d t th . f t.
1. t o eve opmen an s reng enmg 0 na 10na

mumca Ions ..
port tramlng centres

Phase I: Assistance in the rationalization of taxation I t . t 1 . t.
d t 1mprovemen m e ecommumca Ions an pos a

policIes as between public and pnvate sector t ..
..rammg
mvestments and operations

.Promotion of use of modern aides and techni-
Phase II: Promotion of self-fmancing road infrastructure . t ... 1 d. t.

dd 1 ques m rammg mc u mg prepara Ion an use
eveopments f d.. 1 . 10 au 10-vlsua materia s

(9) Optimum utilization of transport and communica- Pha II C t. t. f k .. t. t d .
ha I0 .se : on mua Ion 0 wor 1m ia e m p se

hons infrastructure, including maintenance

Phase I: Assistance in optimizing the use of existing (11) Improvement of classification and standardization

assets through productivity increases in trans- systems for traffic and communications facilitation

port modes Phase I: Assistance in the development of technical

Management information systems particularly standards, notably in port engineering and in

in railways, ports, road transport and road relation to road vehicle weights, dimensions
maintenance and safety aspects

Port planning and equipment selection Phase II: Assistance in the use of standardized trade and

transport data and documents for international
Development of coastal and inter-island marine traffic facilitation

transport
Provision of technical standards in port engi-

Ship-scrapping activities neering

Provision of multi-disciplinary expert advisory Infrastructure and equipment standardization

services for port planning and management in for different segments of the Trans-Asian

island countries Railway

Improvement and optimum utilization of Standardization of design and geometrics of

existing telecommunications and postal systems Asian Highway network

Phase II: Continuation of work initiated in phase I Classification of inland waterways
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(12) Facilitation of international traffic and communica- Phase I: (Initiation in phase II)
tions

Phase ll: Study of the various concepts applied and
Phase I: Promotion of acceptance of international experience gained in implementing growth

instruments pertaining to internatior.al traffic pole strategies for rural and urban development
facilitation

Assessment of transport and communication
Establishment of national facilitation organs role in growth pole development
and regional network of these organs

(16) Environment protection and safety in transport and
International traffic facilitation training pro- communications

gramme
Phase I: Regional highway safety workshop

Development of joint shipping services

C d ofi 0 d d o f 0 1 0 ° Seminars on the impact of transport infrastruc-
0 I Icatlon an up atmg 0 natlona mantlme °

1 0la 0 b 0 f ESCAP od 10 ture and ports on the enVIronment
egis tlon on asls 0 gUt e mes

Pha II c oo f ha I Phase II: Assistance in the introduction of environmental
se : ontmuatlon 0 p se 0

Impact assessment as a management tool to

Harmonization of surface frontier crossing promote environmentally-sound transport sys-
formalities tern

(13) Transport and communications improvements in Promotion of safety as a policy objective,
rural and isolated communities including preparation of audio-visual training

materials
Phase I: Promotion of efficient transport linkages to

rural and isolated communities as part of Seminars on the impact of ports on the environ-
integrated rural development mento

Study of airstrips and low-cost air transport (17) Pricing of alternative energy forms in transport and
services in remote and isolated areas, and communications
land-locked and developing island countries

Phase I: (Initiation in phase II)
Inventories of rivers

Phase II: Study on the impact of differential taxes on the
Promotion of telecommunications and postal substitution processes between alternative
facilities for rural development forms of energy in transport

Phase II: Assistance in improving the techniques of low- (18) Techniques for the rational use of alternative forms
cost rural road construction and maintenance of energy in specific transport and communications
and related system of quality control modes and means

(14) Improvement of mass transport facilities in urban and Phase I: Study of the potential for electric vehicles in
other congested areas both public and private use, and of the use of

natural gas in various forms in transport in the
Phase I: Promotion of efficient public transport systems °

° region
m urban areas by such means as giving priority
to public transport vehicles and co-ordination Examination and promotion of energy-saving
of various modes of transport alternatives in shipping through wind/current

power applicationPhase II: Promotion of urban mass transport, including
bus operators' management seminar, planning Phase II: Continuation of work in phase I
of urban land use to minimize transport re-
quirements, and study of the potential of a (19) Promotion of energy conservation transport and com-
single transport authority for metropolitan munications
cities

Phase I: Promotion of energy conservation in road
(15) Promotion growth poles through transport and com- transport through various means and in railways

munications through electrification
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Phase II: Strengthening of energy conservation measures 29. The Group noted that national programmes of action
in transport for the decade would necessarily vary in accordance with

the nature and needs of each country. They might, for
(20) Improvement of channels for technology transfer for instance, differ between land-locked, island, archipelagic

transport and communications and mainland countries, between countries of different

Phase I: Monitoring and dissemination of information territorial size, different. population size., and different
relating to latest available and commercially- resource base. They mIght also vary wI.th the level of
viable technologies, in view of energing tech- national development, distingui~ing for examp~e b~tween
no logical trends and requirements Co-operation least developed and low-, mIddle- and high-Inc~me
in port engineering activities. developing countries and between countries characterIZed

by different economic structures, such as agricultural, raw
Phase II: Continued monitoring and dissemination of materials extraction, industrial, and service sector domina-

information relating to technological develop- tion. Furthermore, they might differ with the type of
ments and trends. Continued work on co- socio-economic policy and national development ideology,
operation in port-engineering activities particularly with respect to the relative degree of emphasis

(21) Ada tation of modern transport and communications placed on private versus public s~ctor participation in t~e
hp

I t t . I . t development process, the relatIve degree of emphasIs
tec no ogy 0 na Iona requaemen s 0

fbetween direct versus indIrect government management 0
Phase I: Survey of technological developments and the development process, and the relative priorities placed

adaptations in the field of railways and road on the various development objectives.

transport 0 0 0
30. Irrespective of these natIonal dIfferences In approach

Studies of improved packaging technology for to the development of the transport and communications
air cargo, modern port technology, improved sectors the Group expressed its view that the various
dredging methods and technology, and intro- develo;ing member countries might wish to pursue some or
duction of river-sea type vessels all of the following steps toward the formulation and

0 f hn I l' . Il l' Obi implementation of a phased programme of action for the
PromotIon 0 tec 0 ogy transler In a leasl e

decade:
areas

f d o d sf f (a) Review and analysis of the existing situation;
Phase II: Promotion 0 a aptatlon an tran er 0

appropriate technologies in the field of trans- (b) Study of national socia-economic development
port and communications, including suitable plans to identify areas where those plans accord with the
cold-storage facilities at airports, inland water strategy for the decade and where gaps or areas for further
transport systems, ports and dredging methods work exist;

(22) Development of indigenous transport and communi- (c) Identification of weaknesses in institutional
cations technology arrangements, training needs, management facilitation

ffi . f . d measures etc.;
Phase I: Improvement of the e Iclency 0 non-motorIZe

means of transport through promotion of (d) Formulation of a medium-term plCtfi for the
technology transfer and further research transport and communications sectors where one did not

h . I f I 0 d exist; Study oft e potentia use 0 ow-cost motorIZe

transport vehicles and use of indigenolls mate- (e) Preparation of a series of projects in keeping with
rials the strategy for the decade, with cost estimates;

Phase II: Assistance in promoting local manufacture and (f) Determination of technical assistance needs to
use of low-cost motorized transport carry out the sectoral medium-term plan and projects for

Research into the possibilities of transfer of the decade;

technology and local manufacture in the fields, (g) Review and appraisal of activities already under
of telecommunications and postal services way and adjustment of existing plans and programmes to

accord with the strategy for the decade.
5. Guidelines for national action programmes for a

transport and communications decade for 31. While it would be essential in contemplating such
Asia and the Pacific steps to keep clearly in mind each country's own specific
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jects. Such a group might include, to the extent possible
and appropriate, specialists in the different transport and
communications subsectors, and it should be interdiscipli-
nary in character. Such a group could also provide the
day-to-day liaison required with ESCAP and donor
countries.

background, development objectives, priorities and antici-
pated requirements, it would be equally important, if the
decade were to have a real impact at the national level,
that the individual countries should undertake effective
measures to accelerate their development efforts in
the transport and communications sectors in close co-
ordination with the strategy for the decade, taking into
full consideration the thrust areas delineated in the strategy
and the programme of action to be undertaken at the
regional level.

(ii) Subregional level

38. The Group considered that the special relationships
that had emerged among various subregional groupings in
the ESCAP region might make it appropriate for each
subregional grouping to establish a committee to consider
the possibilities of initiating action programmes and pro-
jects within the context of the objectives and strategy of
the decade. Such action programmes and projects might
be especially beneficial as means of linking subregional
groupings more closely with national efforts to develop the
transport and communications sectors. That task would
take on special significance because improvements in
transport and communications would be among the princi-
pal means whereby the subregional groups could strengthen
the political, economic and socio-cultural bonds of their
members. The Group noted that the functions of such
committees at the subregional level would need to be
refmed.

32. In that regard, the Group noted that the ESCAP
secretariat would be available to provide technical as-
sistance and serve as a source of information and forum for
discussion on ways and means.

6. Organizational framework, phasing and cost implications
of a transport and communications decade

for Asia and the Pacific

(a) Organizational framework

(ill) Regional and intelTegionallevel39. 

The Group emphasized that, as the regional United
Nations organ charged specifically with the task of facilitat-
ing concerted action for the economic and social develop-
ment of Asia and the Pacific, ESCAP was in a focal position
to co-ordinate the strategy for the decade at the regional
level thus, among other things, avoiding any duplication of
activities during the decade. Other major tasks of ESCAP
would be to assist in the co-ordination of action between
the member countries and to function, in relation to the
decade, as a venue for the exchange of views, a promoter
of public awareness, a channel of information and centre
for monitoring progress, a source of advisory services and
other technical assistance for implementation, and a centre
for research and analysis of major issues.

33. The Group emphasized that implementation of the
action programmes for the decade would require a co-
ordinated effort at the national, sub-regional and regional
levels as well as prioritization of the action programmes to
meet the needs of member countries. It would involve the
full and active participation of all major segments of the
community and of the full spectrum of governmental,
intergovernmental and non-governmental agencies, both
in the public and the pr'wate sectors.

34. The main organizational arrangements for the im-
plementation of the decade were considered separately for
the national, subregional and regional levels.

(i) National level

35. The Group endorsed the proposal that each member
country might establish a high-level national standing
committee for the transport and communications decade.
Such a committee could be comprised of representatives
from the national planning agency, concerned ministries
and, if considered appropriate, other concerned agencies
and interests. The Group welcomed the infonnation that
several Governments had already installed national com-
mittees in preparation for the decade.

40. Th~ Group agreed that an inter-agency co-ordinating
committee for the transport and communications decade,
1985-1994, would be set up to facilitate active participa-
tion and co-ordination of interregional, regional and sub-
regional activities by all relevant United Nations organs and
agencies and other intergovernmental organizations con-
nected with the transport and communications decade.
The terms of reference of the committee would be formu-
lated at its first meeting.

36. The primary purposes of such a committee would
be to provide general direction and control of programmes
and projects forming part of the decade, arrangements for
promotion of the concept of the decade, within Govern-
ment and to the country at large; and liaison with assistance-
giving countries, ESCAP and other agencies.

(b)

37. 

In some countries, a special working group might be
required to prepare, implement and monitor national pro- 41

Phasing

The Group agreed that both the regional and national
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action programmes for the decade would be divided into
three phases for the purposes of smooth implementation,
as outlined below:

(ii) Phase II

47. The second phase would be largely concerned with
the continuation and elaboration of projects initiated in
phase I. It would also include elements of direct assistance
(advisory services) to member countries in the implementa-
tion of national projects in, among other things, develop-
ment of more efficient techniques of integrating transport
and communications with national planning. This phase
would also include certain new projects, the initial work
on some of which would have been undertaken as part of
either existing ongoing projects or as projects initiated
during phase I which would have been reclassified as being
more appropriate to other thrust areas.

Timefrarne Years

2 years

3 years

1985-1986

1987.1989

Quinquennium/phase

First quinquennium

Phase I

Phase II

Second quinquennium

Phase III 5 years 1990-1994

42. 

The work to be undertaken within the proposed
regional action programmes during each phase of the
decade was identified by the Group as described below. 48. Whilst the emphasis of continuing projects would

change, phase II might also include appropriate updating
or elaboration of studies etc. undertaken in phase I.

49. In addition, in the fmal year of phase II (1989), a
comprehensive review of the actual and anticipated results
of the first quinquennium would be undertaken in con-
sultation with member countries and concerned agencies.
On the basis of that review, programmes would be formu-
lated for phase III.

(i) Phase I

43. The projects to be implemented during the opening
phase of the decade would include review and analysis of
the existing transport and communications situation at
the national, subregional and regional levels and for the
region as a whole. That review would cover such aspects
as problem areas and priorities, statistics and other data,
current policies and practices (e.g. in pricing), technical
standards, international traffic facilitation, potential for
new and appropriate technologies, research capabilities and
alternative energy sources and conservation.

(ill) Phase III

50. Though the work programme was primarily con-
cerned with the first quinquennium of the decade, some
preliminary indication of work in the second quinquen-
nium (phase III) was provided.

44. 

Phase I would also be concerned with the promo-
tion of specific existing regional initiatives and considera-
tion of such issues as transport co-ordination, integration
and harmonization, public awareness of the r()le of trans-
port and communications; self-fmancing of road infras-
tructure; urban traffic planning; traffic facilitation;
improvement of rural transport; energy conservation;
and appropriate technologies.

51. It was expected that phase III would begin with a
formal review and updating of studies undertaken during
the first quinquennium. It was also expected that some
of the general priorities as expressed in the currently
established thrust areas might require modification. That
would probably lead to the identification of additional
studies, etc. in new areas.

45. Also included in phase I would be training pro-
grammes on administrative and technical matters and
for officials engaged in rural areas. The phase would
furthermore include certain projects for development,
including a data bank for the transport and communica-
tions sectors, road maintenance information systems,
cost-effective techniques/systems for rail infrastructure
maintenance, coastal and inter-island transport, methods
of rural road construction, technical standards, inland
water transport statistics/information systems and provi-
sion of economic information on shipping.

(c) Cost estimates of die proposed regional action
programme

52. The group reviewed the fmancial implications of the
fIrst two phases, amounting to $US 20 million, and noted
that the estimated cost was indicative only and would
require further refmement and adjustment.

53. The Group noted that the cost implications of the
regional action programme might also be affected by the
inclusion of additional studies. In that context, the Group
also noted suggestions for amplification of projects to
include railway and highway linkages between main in-
dustrial and agricultural centres, on the one hand, and
national sea and river ports, on the other, thereby con-
necting inland production centres with routes of regional

46. 

The emphasis in phase I would thus be on surveys,
reviews, studies and analysis, and on dissemination of
information through publications and seminars, and sub-
sequently through training programmes.



and international importance; for additional inland water-
way and shipping projects; and for studies of the interfaces
between the transport and communications sectors.

D. 

Tokyo proclamation

54. The Economic and Social Commission for Asia andthe 
Pacific at its fortieth annual session held at Tokyo

during April 1984, adopted resolution 236 (XL), which
proclaimed the Transport and Communications Decade for
Asia and the Pacific, 1985-1994. In its operative para-
graphs, this resolution:

co-operation in the field of transport and
communications in the region;

2. Requests the Economic and Social Council to
endorse this Proclamation and to encourage relevant
international organizations to provide appropriate support
at the global level;

3. Calls upon the Executive Secretary to assist,
from available resources, both budgetary and extrabudgeta-
ry, member and associate member Governments in their
preparation of a practical and integrated programme of
action for the Decade at the country level and to mobilize
the necessary international support for the successful im.
plementation of the programmes for the Decade;

1. Proclaims the Transport and Communications
Decade for Asia and the Pacific, 1985-1994, such pro-
clamation to be known as the "Tokyo Proclamation",
with a view to:

4. Further calls upon the Executive Secretary to
promote intergovernmental and interagency co-ordination
at the regional and subregional levels;

(a) Raising the transport and communications
infrastructural facilities of developing
member countries to a level commensurate
with their development objectives and
priorities, giving particular attention to the
special needs of the least developed, land-locked 

and island developing countries of
the region;

5. Invites the Governments of the developing
members and associate members to designate appropriate
mechanisms to co-ordinate their national programme with
the regional programme of action for the Decade, consist-
ent with their development needs and objectives;

(b) Identifying systematically and in a com-
prehensive manner the problems of trans-
port and communications in the region andworking 

out feasible solutions;

6. Urges the United Nations Development Pro-
gramme and other international bodies and agencies to
contribute effectively to the implementation of the regional
action programme for the Decade;

7. Invites all Governments, in particular those of
the developed countries and others in a position to do so,
to contribute and participate effectively in the implementa-
tion of the regional action programme for achieving the
objectives of the Decade.

(c) Promoting a more effective and efficient
transport and communications network
comprising all modes and means in an
integrated way, in particular for develop-
ment of intraregional and interregional
transport and communications linkages as
well as in the fields of the maintenance
and co-ordination of networks, tariff
setting and physical planning;

8. Requests the Executive Secretary to report to
the Commission at its forty-fiTst session on the progress
made in implementation of the programmes for the Decade.

55. Several countries offered the services of experts and
fmancial assistance in the implementation of various
aspects of the Decade programme.(d) Encouraging effective co-ordination and

l'



II. REVIEW OF AL TERNA llVE SOURCES
OF ENERGY IN THE TRANSPORT

SECTOR*

Introduction energy and at the same time increase the supply of those

1 Th il . sh k f 1973/74 d th b resources in order to diversify the energy system and
.e 0 prIce oc 0 an e su sequent .

I .. f d il . 1979/80 .d d channel demand to domesttc markets.
arger prIce mcreases 0 cru e 0 m proY! e

ample evidence of the vulnerability of our modern econo- T bl 1 E d b th . 1977. t dd h . th . d il bil. f .a e .nergy consume y e transport sector m
mles 0 su en c anges m e prIce an ava a rty 0 Just
one single source of energy. This holds especially true for

..Per cent of total Per cent of total
the transport sector smce It consumes a large amount of . 1 tr 1 odu...commercia energy pe oleum pr ct
petroleum-based fuels m most of the developmg countrIes Country consumed by the consumed by the
(see table 1). Besides, there hardly exist any suitable transport sector transport sector
alternatives or substitution possibilities for this source of
energy in the short run. Kenya 56 60

Sri Lanka 51 56
2. The development of the transport sector will remain Nigeria 41 46
decisive to the overall economic development in all coun- Venezuela 39 74
tries. For the developing countries its importance will Argentina 38 55
even further increase as initiatives to decentralize the Brazil 38 47
economy are undertaken or planned. Furthermore, as Peru 38 46
new impetus is given to the role of the agricultural sector Thailand 35 71
in the development process, with the consequential need to Colombia 32 54
open up rural areas by the construction of new transport Indonesia 32 35
links between the industrial sectors and the rural hinter- Nepal 32 55
land, transport demand will further increase. Malawi 29 55

Mexico 27 50
3. This shows clearly the ever more urgent need for India 26 42
speedy action to tackle the problem of reducing petroleum- Egypt 19 22
based fuel demand in the transport sector. If no far-seeing Pakistan 18 39
policy measures are introouced now or in the near future, Algeria 16 25
demand for conventional fuels will go up steadily in this Bangladesh 15 28
sector. Any new shortages or drastic price hikes will then Korea (Republic of) 11 18
increasingly harm the whole economy of the developing USA 26 54
countries and will disrupt the envisaged development EEC 15 26
process as a whole.

4. In the short- and medium-term, efforts have to Sources: "Workshop on energy data of developing countries"
con t t th t. f . t. 1 International Energy Agency, December 1978.cen ra e on e conserva Ion 0 energy, m par ICU ar
of petroleum-based energy, wherever possible and feasible -World Bank appraisal reports
.th h . h f -Energy assessment reportsWI out ampermg t e growth 0 the economy and the F K 1980f.-or orea -19ures

necessary steady flow of goods and passengers.

5. In the medium- and long-term the main thrust 6. Depending upon their natural resources, agricultural
has to be put on measures to lessen the dependence on potentials and their state of technological development,
petroleum-based fuels by cutting back demand for this almost all of the non-oil producing countries have initiated
foreign exchange guzzling commodity in areas where there research and development programmes with the aim of
exist practical and feasible solutions to substitute oil reducing their dependence on imported oil, increasing the
(power plants, industrial sector, etc.); by switching trans- ~iv:rsity of the countries' ener~ supply and substit.uting
port demand to more efficient modes of transport that can mdlg~nous energy resource.s for Imported fuels to achIeve a
also make better use of available indigenous sources of certam degree of self-sufficIency.

energy; and by fostering demand for alternative sQurces of * /Note by the secretariat
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7. The ESCAP secretariat has been monitoring, among
other things, news and published information on the use
and development of alternative sources of energy, and on
alternative fuels and fuel blends as they apply to transport.
In addition, given the mandate by the Commission at its
thirty-seventh session, the secretariat has conducted a
questionnaire survey in order to collect information on
the state of affairs in the member countries with respect
to the use and development of alternative sources of energy
and fuels in road transport.

natural gas to liquid and gaseous fuels. The main advantage
of synthetic fuel/petrol resides in the fact that it can be
used, without further processing and in any proportion
whatever, in all the gasoline engines currently in use.

12. The major basic types of energy technology to pro-
duce synthetic fuels from coal and natural gas are described
below.

1. Direct and indirect coal liquefaction

8. 

Sometimes it is assumed that fuel for transport can be
readily obtained through alternative sources of energy and
that, as the ultimate scarcity of fossil fuel looms, the
preferred fuels will be alcohols, even hydrogen and the like.
Indeed, some argue that some of these more exotic fuels
will come into use at a fairly early state of oil starvation,
at least in the more developed countries. It is the purpose
of this paper to review a number of these alternative
sources of energy and explore the potential and implica-
tions of such options with respect to transport.

13. In tenDs of economically recoverable reserves, coal
has a very great potential for expanded use. Coal can be
turned into a variety of liquid fuels by numerous pro-
cesses that are at very different stages of development. The
indirect processes are: a process producting gas followed by
a catalytic conversion into hydrocarbons like gasoline,
diesel, naphtha and methanol. These technologies were
first used on a commercial scale during the Second World
War, and today only two plants using the indirect liquefac-
tion route are in commercial operation, both in South
Africa. Due to low efficiencies, these processes may only
be economic at very low coal and high oil prices.

9. 

The switch from a fossil-fuel energy base to alterna-
tive types of energy has been accomplished in many sectors
and areas surprisingly smoothly. For transport, however,
there is no easy or unique alternative to gasoline or diesel
fuel. Moreover, depending upon the various countries'
differing actual or potential reserves of energy resources, a
wide spectrum of alternative sources of energy, alternative
fuels and fuel blends have come on the market or into the
experimental stage. In the following sections these alter-
native types of energy and fuels and some of the vehicle
types are discussed which seem to have a realistic potential
as alternatives in transport, ranging from synthetic fuels to
different types of gases, coal, alcohols, blends, etc. to
electricity and hydrogen, and such vehicles as dual-fuel,
hybrid and flywheel.

14. In direct coal liquefaction, hydrogen reacts with coal
under high temperature and pressure to produce a liquid
similar to petroleum. None of the direct liquefaction
processes have yet progressed beyond the small pilot plant
stage. Some processes, however, are nearing completion
and recently large-scale pilot or semi-works plants have
been completed. However, their technical and/or economic
viability will not be demonstrated until they are operating
at full commercial scale.

2. Coal gasification

15. Coal gasification offers another variety of fuel
options for using coal because the product range can be
varied to include low-medium calorific gas, or as the basis
for further processing to other gaseous and liquid fuels
such as gasoline, methanol and synthetic natural gas.

10. Most of the alternative technologies below refer to
road transport. This may be explained by its extremely
large proportion in the consumption of petroleum-based
fuels within the transport sector as a whole. ConsequeI)t1y,
application of research results in the field of alternative
sources of energy has focused on this mode of transport,
even though that does not exclude application for any
other mode of transport.

3. Liquid fuels from natural gas

16. The technology for the production of methanol
from natural gas is commercially available. Methanol thus
obtained can be used directly as a transport fuel requiringmodifications 

in the engines as well as market distribution
systems, or for mixing with gasoline. An additional possibi-
lity is the further conversion of methanol into gasoline.
Application of these technologies seems to be limited to
those countries with an abundance of natural gas in com-
bination with a shortage of liquid fuels (New Zealand)
or where the remote location of some natural gas deposits

A. Synthetic fuels (synfuels)

11. Synthetic fuels can make a very significant contribu-
tion to alleviating energy needs, particularly in satisfying
those market sectors, such as transportation, where there
are no readily available near-term substitutes for energy in
liquid form. The underlying objective of synfuel produc-
tion is the conversion of abundant reserves of coal or

14



does not justify the expansion of the gas pipeline network
(Canada and the United States).

(b) Natural gas can be condensed to its liquid phase.
The individual liquids propane, butane, pentane etc., which
can be extracted also from refming gas streams are com-
monly called liquid petroleum gas (LPG) and can be stored
under relatively low pressure (8 bar) in a thin-walled welded
or molded reservoir.

17. The principal impediments to getting these synthetic
fuels to the market-place can be broadly categorized as eco-
nomic, environmental and regulatory. Since both the
environmental and regulatory aspects exert some direct
and/or indirect influence on cost, the problem can be
reduced to one overriding factor, project economics.
Synthetic fuels are very expensive to produce. A major
characteristic of all synthetic fuel plants is their capital
intensity. Estimates for building only a single synfuels
plant vary from $US 1.5 to $US 4 billion. Some experts
are beginning to have doubts about the wisdom of devel-
oping multi-billion dollar plants in an era of transition from
one energy base to another, or others.

22. CNG is being widely used in Italy and New Zealand,
and several other developed countries like the United States
of America and Canada are engaged in strong marketing
efforts to expand the use of CNG for both public and
private vehicles. The major question for policy-makers in
the ESCAP developing countries is whether such experience
and hardware can be transferred directly to their countries.

23. On the other hand, LPG systems have been in use
for a long time both in developed countries like the
Netherlands and New Zealand as well as in several ESCAP
developing countries like the Republic of Korea and
Thailand, and extensive experience in the application of
LPG as a transport fuel has been accumulated in these
countries.

B. Natural gas

18. In the light of the unavailability of an export market
as an outlet for all the potentially exportable gas in the
ESCAP region and of the continuing heavy demand for
motor fuels, a logical alternative seems to be the use of
natural gas as a transport fuel. As widespread experience
has demonstrated, gaseous fuels can be used inexpensively
and reasonably safely.

1. Compressed natural gas (CNG)

24. CNG which consists mainly of methane (C~) can be
stored economically in the vehicle only under high pressure
which makes safety precautions for cylinders, pipes, con-
nections etc. essential and calls for high component quality
which in turn reduces the amount of "backyard" mechani-
cal work and parts switching that can be done.

25. CNG conversion kits are available for both gasoline
and diesel engines. However, the conversion of diesel
engines to CNG is somewhat more complicated than
converting spark-ignited engines. Natural gas will not auto-
ignite under normal diesel operating conditions, so either
an ignition system must be installed -a relatively costly
procedure -or some oil must be used as an ignition source.

19. Natural gas is a mixture of carbon, hydrogen and
other elements dominated by methane (CH4)' The
methane content may be as high as 99 per cent (some
Urengoy gases) and ranges downward to 50 per cent or less
in some fields. Other gases associated with methane include
carbon dioxide, helium, hydrogen sulphide, and nitrogen.

20. Natural gas has negligible pollution from exhaust
emissions which is highly advantageous for urban-based
transport like taxis, buses and utility vehicles. Owing to
the clean burning nature of natural gas, spark plug life can
be extended, oil changes reduced and general engine life
increased. Natural gas gives smooth and efficient engine
performance because it has an octane rating above 100
(premium gasoline has about 95) and because its calorific
value is only slightly lower than that of gasoline.!

26. In many Asian countries the direct costs (net of
import duties) of converting a passenger car from gasoline
to CNG range from $US 450 to $US 700, of which the
most expensive parts of the conversion kits (tank and
regulator) can be sold for reuse at the end of the vehicles
lifetime. This being so, the net costs of a CNG conversion
will range from $US 320 to $US 465.

21. There exist several options for using natural gas as a
transport fuel, the following two of which seem to have
the greatest potential in the developing countries of the
region:

(a) Natural gas can be compressed (160-180 bar) and
stored in thick-walled cylinders as compressed natural gas
(CNG);

27. Currently the conversion of gasoline-powered buses
and trucks to run on CNG has been done in New Zealand
and is contemplated for certain fleets in Pakistan and
Thailand. Though the cost are highly variable, in general
large vehicles cost relatively less to convert than individual
passenger cars, because of economies of scale in the costs of
cylinders.

1 This refers to the calorific value per litre, whereas the calorific

value per kilogramme is higher than that of gasoline.
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28. The main advantage of converting large fleet vehicles
to CNG, however, is that many fleets put on the bulk of
their distance in local return trips and are thus able to use
a central refuelling station.

networks for LPG and particularly for CNG are not as
developed as for gasoline -while allowing for the occa-
sional switch to run on petrol which has additives such as
lead that prolong the life of exhaust valves.

29. Conversion of filling stations to CNG entails consi-
derable expenses for machinery as well as extensive modifi-
cation of the station itself. However, as with vehicle fleets,
filling stations show significant economies of scale. Direct
and other associated costs for converting a station capable
of handling up to 150 vehicles per day on a regular basis
could total $US 150,000. For the tariff levels common to
many Asian countries for imported machinery (20-40 per
cent) overall costs could go as high as $US 180,000.

3. Comparison CNG and LPG

36. LPG has a number of characteristics that may prevent
it from becoming a primary fuel in the transport sector.
First of all it is simply unavailable in the quantities that
would be required to replace both gasoline and diesel oil.
Given the circumstances required to form natural gas
liquids, not all reservoirs can be expected to produce
significant amounts. Much New Zealand gas, for example,
is "wet", whereas much Siberian gas is "dry". Secondly,
LPG has many uses ranging from home cooking fuel to
petrochemical applications. Therefore, LPG has a good
potential to substitute for some types of crude oil and its
refined products. And lastly LPG being shipped com-
paratively inexpensively by special tankers can easily be
traded in economic volumes whereas natural gas must
undergo expensive liquefaction in order to become a
tradable commodity for most of the countries in the region.
As a result, the economic costs of LPG may rise substantial-
ly over the life of a fuel substitution programme as com-
peting demands drive its price up.

30. 

Studies have shown that the full retail cost of CNG in
terms of litres of gasoline equivalent may vary between
$US 0.43 to $US 0.55 per litre.

2. Liquefied petroleum gas (LPG)

31. LPG is a mixture of mainly propane (C3"8) and
butane (C 4"10) which is liquid and stored under relatively
low pressure (8 bar).

32. Vehicles using LPG can use the same regulators as
those using CNG. Significant price differences appear for
the tank which costs about $US 100-150 less for LPG since
such tanks can now be molded from plastic. Because of
the low pressure, the hose can be cheaper too. Most
importantly, the degree of precision required in installation
does not need to be so high. As a result labour costs will
show a reduction and vehicle conversion to LPG will cost
perhaps 25-30 per cent less than to CNG.

37. Taking into account this overall situation, it. seems
more advantageous to substitute CNG than LPG for certain
amounts of gasoline and diesel as transport fuels. One area
where CNG can be particularly useful is in meeting the
universal "excess" demand for road diesel oil in developing
Asian countries. The low cost to users of diesel oil has led
to consumption patterns in some countries where diesel oil
consumption outstrips gasoline by 1.5-2 to 1. Such a
ratio is incompatible with existing refmery output patterns.
As a result, many countries can produce sufficient gasoline
feedstock but must import diesel oil.

33. The most striking difference between CNG and LPG
is the absence of high pressure at LPG stations. It is
estimated that the lack of compressors and the relatively
inexpensive tanks required for LPG filling stations will
result in overall costs which are only 20-25 per cent those
of a CNG station. 38. The increasing imbalance between diesel oil and

gasoline shows up most clearly in the light truck or utility
vehicle market, formerly the province of gasoline engines.
It is in this area that CNG can make its most significant
contribution in many countries. Light trucks and vans put
on the majority of their kilometres in confmed locales. As
a result, the range and load limitations of CNG can be
largely ignored.

34. Currently LPG is highly subsidized for cooking
purposes in many Asian countries. International prices for
LPG show the product to be priced with naphtha and
other semifmished refmery products. Adding transporta-
tion charges and filling costs yields a total cost of $US 0.35
per litre.

35. Retrofitted vehicles, particularly passenger cars, are
usually equipped with a dual-fuel option which permits
switching from LPG or CNG to gasoline operation or vice
versa simply by switching a valve. Dual-fuel capability
enables the driver to possess flexibility should a brief
market shortage occur, and it gives an extended range
between filling up -especially since the reticulation

39. Where geography or national economics prevent fuI!
reticulation, one potential solution is provision of LPG to
the non-reticulated areas on a preferential basis. For many
Asian countries, a "two gas" policy implies CNG use in the
major cities and industrial areas. Elsewhere, tanker trucks
can provide LPG in rural areas or smaller cities. Such a
policy brings LPG use more in line with its avowed purpose
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in oxides of nitrogen emissions, an important advantage,
but causes large increases in aldehyde emissions which will
have to be reduced to acceptable levels through catalytic
after-treatment of the exhaust gas stream.

in many countries, namely, provision of rural energy and
replacement of firewood.

C. Alcohols

40. Two types of alcohol are of particular interest for the
developing countries as a substitute for gasoline or diesel:
methanol (methyl alcohol) and ethanol (ethyl alcohol).
Both can be produced either from hydrocarbons (like
natural oil or gas) or from biomass (like sugar cane).

48. 

However, all these problems have gradually been
solved with a great deal of effort by manufacturers. In
Brazil more than a million alcohol-run cars have been
produced and costs to convert a petrol-engine car to run on
ethanol costs no more than $US 200-500.

41. There is nothing new about running automobiles on
alcohol. In the 1930s and 1940s many countries like
Brizil, France, the Philippines, Poland, the United States
of America and the United Kingdom of Great Britain and
Northern Ireland used alcohol blends or pure alcohol in
many vehicles, partly because of wartime necessity.

49. A central question for Governments considering the
alcohol (ethanol) alternative is cost. In 1980 a World Bank
study calculated that in "medium-cost countries" alcohol
production was likely to be economic at a crude oil price of
$US 31 a barrel- provided that the economic cost of sugar
cane at the factory gate is less than $US 14 a ton. Com-
pared with 1975 it now takes six to seven times as much
sugar to buy a barrel of oil, and if anything sugar will con-
tinued to lose value which will make the alcohol option
more attractive in the years to come.

42. Methanol has not attracted great interest as a trans-
portation fuel in the recent past partly because of its low
calorific value. However, considering the world's vast
resources in coal from which it can be produced, methanol
seems to offer great potential for future use in some
developing coun tries. 50. Ethanol can be produced from sugar-bearing crops

like sugar cane, sweet sorghum and sweet potatoes, starches
such as cassava, corn and potatoes and ceIluloses such as
wood or agricultural residues. Plant derived alcohol is the
major reusable energy source capable of providing oil-
importing countries with a local source of liquid fuel.
The six billion litres of alcohol which have been produced
in Brazil during 1982 are equivalent to some 80,000 barrels
of oil a day. This has saved the country something like
$US 1.5 billion on its import bill.

43. Ethanol, on the other hand, is already fully estab-
lished as a subtitute for gasoline in some developing coun-
tries, while others are experimenting with prototype plants.
Brazil now boasts something like 400 distilleries scattered
around the country with an annual alcohol production of
six billion litres and with plans to double this by 1987.
Zimbabwe opened its rust ethanol plant in 1980 and now
produces 40 million litres a year, and the Philippines blend
30 million litres of alcohol with petrol annually, and aim to
produce 350 million litres of alcohol by 1985. 51. Carefully conceived, ethanol production can be based

on mediumsized agro-industries using locally fabricated
equipment and may therefore create considerable employ-
ment opportunities for semi- and unskilled labour in rural
areas at relatively low cost.

44. 

Alcohol has very different characteristics from gaso-
line and several technical problems exist in its application.

45. Due to its low calorific value, alcohol has poor fuel
consumption performance. On the other hand the extre-
mely high resistance of alcohol allows the raising of the
compression ratio of alcohol Otto motors up to 12 and 13
which means that alcohol burns more efficiently than
gasoline and with less waste. In the final analysis, alcohol
is about 20 per cent less efficient than petrol.

52. However, the plants used for alcohol production are
also used for human nourishment and care has to be taken
that crops produced for alcohol complement rather than
compete with food production. A separation between both
needs would be achieved through the production of ethanol
from wood or wastes containing cellulose.

46. 

Owing to its poor vaporization, alcohol has a relative-
ly high ignition point resulting in hard starting of the engine
at low temperatures and allowing diesel engines to run on
ethanol only with further qualifications (dual-fuel concepts,
large addition of ignition improver). In addition, alcohol is
a more corrosive fuel than petrol and contains a higher pro-
portion of water ,causing rapid material deterioration in
fuel lines, pumps and filters.

53. Ideally to run a biomass alcohol programme, a coun-
try should have excess agricultural potential and be a liquid
fuel importer. Even though countries like Brazil, the
Philippines or Thailand fall into this category their decision
to go for alcohol as a partial substitute for liquid fuels has
to be carefully considered taking into account particularly
the potential harmful social and ecological problems which
may be connected with large-scale energy cropping for
alcohol production.47. Burning alcohol fuel results in significant reductions
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since the other alternative, putting the rail tracks under
wire, is a very capital- and time-consuming endeavour. The
energy efficiency of steam locomotives as compared with
diesel or electric locomotives is, of course, very low: 0.6
million tons of oil or 3 tera-watt hours (TWh) of electricity
which can be generated by using less than 2 million tons of
low grade coal per annum can only be replaced by about 2
million tons of high-grade coal used in steam locomotives.

D. Vegetable oils

54. Many countries are conducting research on using
vegetable oil in diesel-powered engines, either as 100 per
cent pure vegetable oil, or blended with diesel oil or
alcohol. The vegetable oils under experimentation are
coconut oil, palm oil, soy bean oil, corn (maize) oil, sun-
flower oil and castor oil.

55. In the Philippines, private bus companies are experi-
menting with a mixture of 30 per cent coconut oil and 70
per cent diesel oil. The initial results are encouraging. Two
buses have already run 30,000 kilometres without major
problems except for the need to replace the air fIlters every
3,000 kilometres as compared with every 6,000 kilometres
under diesel operation.

62. Nevertheless, newly designed coal-fired locomotives
may have the best combination of life-cycle cost, fuel
availability and low development risk of any of the alterna-
tive fuels and engines for railways.

63. Cost analyses show that if potential new steam
locomotives are compared with other self-contained units,
the cost of any form of natural or synthetic liquid fuel
under reasonable scenarios is so much higher than coal
that direct combustion of the solid fuel aboard the locomo-
tive remains the lowest cost system, and by a wide margin.

56. The principal problem with using vegetable oils
instead of diesel fuel is that their average world market
prices are considerably hi~er than those of diesel oil.
Vegetable oils are therefore only being used occasionally
as diesel fuel substitutes, and usually in remote or isolated
areas during periods of diesel supply interruptions and/or
delivery delays.

64. 

It seems obvious that these advantages of the steam
locomotive do not accrue to the traditional locomotives
whose energy efficiency is around 7 per cent, whereas
today's diesel electrics can achieve around 30 per cent.
However, studies undertaken in the United States of
America show that it should be possible to improve maxi-
mal thermal efficiency of steam locomotives up to 18 per
cent (coal-fired steam locomotives in Argentina have already
reached a thermal efficiency of 12 per cent at the drawbar
under normal operating conditions) through a combination
of greatly improved combustion efficiency, compound
steam expansion, proper attention to auxiliary power
needs, elimination of many waste steam losses, and im-
provements to steam flow pathways and valves. Further-
more, maintenance costs of steam engines have to be
lowered and operating characteristics improved.

E. Wood, charcoal and coal

57. Wood-powered vehicles were in use during and after
the Second World War in Europe. Following the second oil
crisis, some countries have resumed research into charcoal-
powered vehicles and the technology which fired charcoal
gasifiers on Europe's vehicles during the oil starved 1940s
has recently resurfaced in Brazil and the Philippines.

58. The charcoal-burning vehicle gasifiers can be locally
manufactured in most of the developing countries and their
economics appear remarkably good. Gasifier prices are as
low as $US 50 per kilowatt and in Brazil vehicle gasifiers
have been sold for as little as $US 750 each. 65. These aims could be achieved by a coal-fired locomo-

tive that consists of a twin-unit machine with cabs at each
end to be operated by one man. One unit comprises the
actual locomotive, the other unit is designed to service the
locomotive with coal and water. Coal is loaded aboard in
containers and is moved by conveyor belt from the service
unit to the locomotive fire-box. At the same time the ash is
continuously removed from the ftrebed and containerized.
These seem to be promising new developments. However,
until prototypes are built many of these claims remain to
be put to the test.

59. The technology appears ideal for adoption in public
transport vehicles running in rural areas. Therefore, the
United States Agency for International Development is
sponsoring a series of experiments in the Philippines aimed
at analysing the possibility of developing charcoal-powered
vehicles for rural areas.

60. The shadow over the future of the gasifier technology
is the availability of fuel. Wood depletion and deforesta-
tion are recognized as problems in many developing coun-
tries and any large-scale gasifier programme is likely to be
obstructed by similar problems.

66. 

In the field of shipping, using coal again as propulsion
energy is seriously being considered, and under the present
level of bunker price, coal-fired ships seem to be more
economical than other motor ships. In Japan a 3000 hp
coal-fired puSher boat for secondary transportation 'of coal

61. 

The reintroduction of coal-fired steam locomotives to
substitute for diesel fuel locomotives may be a worthwhile
deliberation for countries with domestic coal resources
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has been studied and considered to be both feasible and
economical.

batteries are being developed, to be marketed in two to
three years, which will have an operating range of some
130 kilometres in stop-start urban driving conditions.
These electric vehicles will be special purpose around-
the-town vehicles for commuting to work, shopping, etc.
Their batteries will have to be replaced at one-quarter to
one-third the cost of the car, every 40,000 to 50,000
kilometres. Although the initial price of electric vehicles
will be higher, the cost of operating and maintaining them
will be considerably less than for comparable vehicles with
internal combustion engines.

F. 

Electricity

67. 

Electricity can be derived from many sources of
primary energy and therefore can make use of indigenous
energies available like hydropower, lignite, coal, gas and
the like. Another advantage is the flexibility to make
electricity available in the grid from whatever combination
of sources is cheapest and most adequate. The main disad-
vantage of electricity is the difficulty of transporting and
storing it. 73. Meanwhile, battery development is continuing and it

is expected that by the late 1980s batteries will be available
that provide a vehicle range of 200 to 250 kilometres
together with a long cycle lifetime, which should be
adequate for most needs.

68. 

Chemically-stored electricity using onboard batteries
charged from an external source, can be regarded as an
important long-term substitute for and complement of
petroleum-based fuels. The incentive to develop the
electric or battery-powered vehicle is principally one of
energy substitution. The obvious benefit is the conserva-
tion of a scarce resource, petroleum, at the expense of
electric power which can be generated by an abundant
resource. Battery-powered vehicles in themselves, how-
ever, are not energy-conserving.

74. 

More and more vehicle manufacturers are developing
and will be marketing electric vehicles. One way of over-
coming their greatest disadvantages, high battery weight,
space requirements and limited operating range, is to
equip vehicles with a combination of electromotor with
battery and internal combustion engine with gasoline tank
to operate as a dual-fuel vehicle (see section below on dual-
fuel vehicles).

69. 

The common battery is a combination of two or
more galvanic cells electrically connected to work together
to produce electric energy. The galvanic cell produces
energy by chemical action. Current research efforts are
being conducted with a wide variety of battery types,
among them, lead-acid, nickel-iron, nickel-zinc oxide,
zinc-chlorine hydrate, and sodium-sulphur batteries.

75. Electric vehicles are particularly suited for public
transport as special purpose and utility vehicles and as fleet
vehicles. Governmental, municipal and private electric
fleet vehicles are being successfully operated in many
countries, such as in the Federal Republic of Germany,
the United Kingdom of Great Britain and Northern Ireland
and the United States of America.

70. 

The technologies involved in the design and construc-
tion of electric motors and mechanical-drive train com-
ponents are well developed and easily adapted to the needs
of electric vehicles.

76. 

The electric trolley bus, long considered as an
anacluonism, seems to improve its position in public
transport on account of its numerous advantages that make
it particularly attractive: independence from diesel fuel and
the uncertainties in its price and availability, no air pollu-
tion in congested urban areas, quietness in operation and
its hill-climbing ability and rapid acceleration. In addition,
trolley buses last twice as long as conventional buses and
require one-third less maintenance.

71. The future of electric cars rests solely with the suc-
cessful development of batteries which will provide high-
energy density, ease of maintenance and long life at a
reasonable cost.

72. The most serious problem of battery performance
is its low specific energy. The energy available for a given
battery size is still very small. Even assuming the lowest
energy conversion efficiencies of about 10 per cent, gaso-
line still delivers about two orders of magnitude greater
energy density per kilogram than batteries, or more speci-
fically 10,500 watt-hours per kilogram as compared with
only 25 to 45 watt-hours per kilogram for lead-acid
batteries, up through nickel-iron, zinc-air, zinc-chloride
sodium-sulphur batteries at 90 to 120 watt-hours per
kilogram. Current lead-acid batteries provide a vehicle
range of some 80 kilometres at a speed of 90 kilometres
per hour. Electric vehicles powered by zinc-nickel oxide

77. 

These advantages of trolley buses have to be balanced
against higher initial costs -trolley buses may cost as much
as SO per cent more than regular buses and the cost of
overhead trolley wiring is high -visual intrusion of the
overhead wires and decreased flexibility because of being
tied to a wire.

78. Research is under way into overhead systems requir-
ing fewer support wires and improved switches, as well as
improved power-control systems (choppers) which will
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improve trolley bus efficiency and further reduce energy
demand.

85. 

The development and management of hydrogen
technologies require highly-trained specialists. Therefore,
if hydrogen ever becomes an important source of energy
particularly in the transport sector, the developing coun-
tries might once again be dependent on foreign experts
and know-how.

79. Most of the above arguments for and against electric
vehicles have been deployed for mobile, i.e. non-tracked
transport. For rail transport most of the disadvantages
mentioned in connection with the use of electric energy
in road vehicles disappear. In India, investigations revealed
that fuel effficiency for freight and passenger transport on
tracks is the highest in the case of electric traction, fol-
lowed by diesel traction and steam traction. Therefore,
electrification of high-density rail routes can yield substan-
tial savings in energy use and in terms of operating e~penses.
The main obstacle is the high cost of the electrification
network, which allows only a very gradual extension of
electrified routes in most developing countries.

H. Wind energy

86. The world's first commercial sail-assisted and energy-
saving ship was launched in Japan in 1980. It used sails as
auxiliary power for propulsion. The wind direction and
velocity were automatically determined and on that basis
a micro-computer controlled the expansion or contraction
of the sails and their turning in the most suitable direction
to achieve maximum power gain. No additional crew was
required for manipulating the sails. Fuel savings, attribut-
able also to other features of the ship, exceeded 50 per cent
when compared with the fuel consumption of a conven-
tional ship. Moreover, the cost of the sails was only around
10 per cent of the overall construction cost of the vessel.
Three other sailing ships will be launched in Japan and
more ships of this type are in the planning stage.

G. Hydrogen

80. Hydrogen is already used extensively in a number of
industries, including the petroleum and chemical industries,
while in the field of energetics, its best-known use is as a
rocket fuel. However, hydrogen-fuelled cars have been
developed in Australia, the Federal Republic of Germany,
Japan, the United States of America and in other coun-
tries. As an energy carrier for transportation purposes,
hydrogen is attractive on account of its abundant and
ubiquitous availability, its extremely low environmental
pollutants and its compatibility with a number of already
existing technologies like natural gas technology.

I. Dual-fuel vehicles

87. 

The best way to overcome the operating range limits
of battery-powered electric vehicles, or of LPG- or CNG-
powered vehicles, is to design and build dual-fuel vehicles,
or to retrofit conventional vehicles for a dual-fuel mode
(see section B- natural gas).

81. Before hydrogen can be used on a large-scale in the
trnsport sector, technical breakthroughs have to be made in
a number of areas, especially those concerning production
and storage of hydrogen.

82. 

The simplest way to produce hydrogen today is in an
electrolysis cell, in which an electric current is passed
through a solution causing the decomposition of water
into hydrogen and oxygen. Given current technology,
more primary energy is usually required to produce
hydrogen than is subsequently available for use. Electro-
lysis seems to be a promising method, although research is
being done in other areas as well, such as photolysis, which
uses direct sunlight to split the water molecules.

83. Hydrogen can be stored either in liquid form at very
low temperatures or in the form of a metal hydride which
requires about 30 times the weight of gasoline with the
same calorific value.

88. 

Such a dual-fuel vehicle could be powered, for
instance, either by batteries or by an internal combustion
engine. Instead of giving a vehicle an operational range of
some 160 kilometres by equipping it with the required
number of batteries, batteries could be limited to give
the vehicle a range of some 100 kilometres, thus allowing,
for instance, for the space and weight of a small 20 to 25
horsepower internal combustion engine and gasoline tank.
For urban-type or short-distance driving, the vehicle would
run on battery power, whereas for longer trips it would
use the gasoline-powered internal combustion engine.
Each energy source would help the other. Because the
gasoline-powered engine is there, there is no need to worry
about the limited range of the batteries. And the engine
does not have to be as powerful as in an engine-only
vehicle, for the battery can help out the engine when
bursts of power are needed.

89. Following the above concept, experimental vehicles
have been developed in the Federal Republic of Germany
and in the United States of America with both an electric
motor and a gasoline internal combustion engine. These
vehicles consume 40 to 55 per cent less gasoline than a

84. 

Considerable progress has been made in developing
the technology for fuelling cars and in designing suitable
fuel tanks. Safety plays a major role in this technology
since hydrogen can explode rather easily.
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conventional car of similar size. If commercially produced,
these vehicles would minimize trips to the gasoline station
and maximize the use of the electric wall plug. They would
have a much greater range than the all-electric vehicle, and
would look, perform and handle like a conventional vehicle.

primary system during peak demands, especially when
accelerating.

95. 

The greatest potential for fuel savings exists in the
second type of hybrid system which can capture the
vehicles' kinetic energy during braking for use during
acceleration. This allows a much smaller than normal
output from the primary source and improves a vehicle's
range and fuel efficiency.

90. Dual-fuel vehicles would cost more than conventional
vehicles, and about the same as electric vehicles. It is
estimated that consumption of petroleum-based fuel in
road transport could be reduced by some 70 to 80 per
cent if the idea of using dual-fuel vehicles really caught on
with vehicle buyers on a large scale, and it certainly would,
if the prices were acceptable. The vehicles could be charged
at home during the night while many power plants have
excess capacity. In this way, more efficient use could also
be made of the already existing enormous investments in
physical plant.

96. Perhaps the most interesting of the energy storage
systems for hybrids is the flywheel. A flywheel stores
energy mechanically in a rapidly rotating wheel. The
amount of energy stored is a function of the angular
momentum of the wheel, which is determined by its
angular velocity and magnitude and location of mass. For
example, a car built around a fibregiass flyweel could be
designed with a range of 70-80 kilometres at a speed of
about 90 kilometres per hour with no additional on-board
power source. Overnight charging would be required. For
stop-and-go trips under 30-40 kilometres, a flywheel
system, regenerated by braking energy could provide all the
energy needed to power a car. Since about three-fourths of
all urban driving is done in short hauls, such a hybrid
system would greatly reduce gasoline consumption and air
pollution.

91. 'In the Federal Republic of Germany, the major bus
manufacturers supplying public transport companies, have
developed various versions of dual-fuel buses, particularly
articulated and double-articulated buses, with a diesel
mode for operations at the city fringes and with an electric
trolley bus mode for operations in the inner city where
there would be a network of overhead electricity wires.

92. According to reports from New Zealand, the entire
gasoline-engined bus fleet of Palmerston has been con-
verted to run on CNG. The buses are equipped with two
CNG bottles of 133 litres water capacity each. This
amounts to an equivalent of 48 litres of fuel each, allowing
for an operating range of about 200 kilometres. The CNG
system is backed-up by a 77-litre gasoline tank for addi-
tional and/or for emergency uses.

K. Conclusions

110. A review of the characteristics of alternative sources
of energy potentially and likely to complement or sub-
stitute for petroleum-based fuel in the future and to satisfy
the fuel demand in the trasport sector, demonstrates that
hardly any of these alternative sources is as easy to use and
to transport, or is as safe and as efficient as the petroleum-
based fuels currently used in the transport sector. Further-
more, the comparison of the calorific value per litre of all
the alternative fuels likely to be used in transport demon-
strates that all of them require much heavier and larger
containers than the gasoline and diesel tanks currently
in use to provide the same operating range as existing
gasoline and diesel vehicles (see table 2).

J. 

Hybrid and flywheel vehicles

93. The development of hybrid vehicles is an attempt to
capture the advantages and avoid the disadvantages of
individual power sources by combining two or more con-
version and storage methods that complement each another.

94. There are numerous combinations of power and
storage systems that can be incorporated into a hybrid
vehicle propulsion system. However, generally only two
basic approaches have been developed with respect to
hybrid vehicle design. One is to use a primary power
source running at a constant speed to supply power to a
secondary system. This type of design has been used suc-
cessfully to reduce exhaust emission and, where vehicle
idling is extensive, as in urban traffic conditions, to save
fuel. The second is to store the surplus power generated by
the primary power source in a secondary storage system
during low consumption periods, particularly during
deceleration. The secondary system supplements the

Ill. In addition, the production cost of all the alternative
fuels listed above is probably still higher than the prices at
which gasoline and diesel are currently available.

112. It is important to note that in using alternative
sources of energy or alternative fuels and fuel blends, the
overall energy balance is mostly negative. The production
and use of alternative fuels, however, may still be justified
(a) on national levels to enable countries to become less
dependent upon the imports of foreign oil, and (b) on the
global level since it conserves scarce fossil fuels, the reserves
of which are fmite.
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Table 2. Energy characteristics of various fuels

Density Calorific value Size and weigh t of the fuel tank for the same
amount of energy

kg/l Kcal/kg Kcal/l weight coefficient volume coefficient

Petrol 0.750 10.400 7.800 1 1

Diesel oil 0.825 10.100 8.330 1.03 0.9

Propane C3H3 0.508 12.200 6.200 8 (1.25)* 1.9**

Butane C4 H10 0.592 14.200 8.400 8 (0.94)* 1.4**

Hydrogen (H2) Gas at 200 BAR 0.018 28.650 516 25 (15)* 22**
Liquified at -253°C 0.070 28.650 2.005 4 (3.89)* 5.8**
Metal hydride Magnesium- 5 3.2
Vanadium 10 1.7
Iron-titanium 20 3.2

Methanol (CH30H) 0.793 4.700 3.720 2.2 2.10 -

Ethanol (C2H50H) 0.795 6.400 5.088 1.62 1.53

Synthetic petrol 0.750 10.400 7.800 1 (1) 1 (1)

Lead battery 70 (1) 12 (1)
',' ,! .

Source: Societe Suissed'Etudes des Carburants (SSM) "
* = theoretical

** = effective

113. The strategy to be adopted by the developing coun- convert some of their coal reserves into methane gas,
tries of the region is therefore for each country to concen- methanol, or into synthetic liquid hydrocarbons with pro-
trate on the exploitation of the domestically available perties almost identical or close to those of gasoline and
energy resource or potentials. diesel.

114. Countries with abundant natural gas resources may, 116. Other countries, possessing neither natural gas nor
therefore, consider how to use natural gas to the fullest, coal resources but with vast land resources may opt for
either in the form of LPG, as long as the natural gas re- large-scale energy cropping with the aim of producing
sources are rich enough to contain substantial portions ethanol as a substitute for petroleum-based fuels, or -and
of propane and butane gas to justify separation or in the this seems to be the more likely purpose -as a fuel-blend
form of compressed natural gas (CNG) whenever the to be mixed with gasoline.
natural gas consists mainly of methane gas. In some coun- ...
tries, for example in Thailand and in New Zealand, both 117. Unfor~unatel~, m the short-and In the m.edlu~-
types of gases may be used: CNG in the vicinity of the term, there IS no sIngle source or type of energy WhICh will
gas resources where gas may be available from pipelines, be able to substit~te fully f?r .petroleum-based fuels.
and LPG in the distant areas of the country. Other coun- Moreover, the questIon as to WhICh IS the best strategy for a
tries may consider the large-scale conversion of natural gas cou~try to follow, can be answered only on the :ery
(methane) to methanol and the gradual introduction of specIfic .country level and onl~ after a thorough analysIs of
methanol-fuelled machinery for industrial purposes or for the available known and estlffiated energy resources and
transport vehicles. potentials and by considering fully the uncertainties in

forecasts and projections of future scenarios. Given the
115. Countries with abundant coal resources also have necessary inputs it may be possible to defme for each
several options. They may use coal predominantly for country an "optimum energy economy" (under the as-
industry, household combustion and for the generation of sumed circumstances). A strategy which may be good for
electricity. With respect to the transport sector, they may one country may not necessarily be good for another
choose to use coal directly as a fuel or in the form of country and the strategies to follow will be different in
electricity (produced from coal). They may also choose to every country.
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countries in the region in introducing alternative sources of
energy for transport purposes are the following:

118. In summary, it is to be noted that in most countries
in the region liquid hydrocarbons will continue to be the
prime fuel source for transport vehicles in the near future.
While this source of energy will become increasingly scarce
and expensive and, at the same time, while energy conver-
sion and substitution programmes as initiated by many
countries will come on-stream and become effective, there
will be significant developments and changes in motor
vehicle characteristics, such as reduced weights and better
performance, the use of electronic devices and equipment
to achieve higher fuel and vehicle economy, engines
equipped with turbochargers to increase fuel efficiency,
reduced exhaust emissions, improved lubricants including
synthetic lubricants, wind-control devices and deflectors
to reduce the aerodynamic resistance, belted radial tires
to reduce rolling resistance, and many more.

(a) As development of alternative sources of energy
for transport seems to be heading in several different
directions, it is important for the countries to be aware and
informed about the ongoing developments and to be pre-
pared/or to prepare for the introduction of new technolo-
gies, processes, laws and regulations, etc. In this respect,
ESCAP may be able to assist the member Governments in
collecting and disseminating the relevant information and
in organizing expert group meetings, seminars and work-
shops, etc.;

(b) Governments should be aware of the need to
provide effective channels to absorb and digest the flow of
information regarding new processes and technologies.
Governments which have not yet established an office/cell
many consider doing so to use this information to their
greatest benefit;

119. The internal combustion Otto-powered vehicle is
already being down-sized and modified to improve its fuel
economy and more and more vehicles will be equipped with
diesel engines. Completely new generations of motor
vehicle engines and power plants are currently being
developed and experimented with, such as continuous
combustion engines following various cycles.

(c) With respect to developments in motorization,
developing countries tend to accept the technologies as
provided by the industrialized, developed countries. This
means that whenever developed countries alter the em-
phasis of their use of particular sources of energy and,
therefore, the pattern of their research and development,
developing countries are rather likely to follow this shift in
emphasis, irrespective of the relative abundance and availa-
bility of different sources of energy in their own countries.
The developing countries of the region, therefore, should
decide, in the light of the availability of their indigenous
energy resources as to what emphasis in research and
development might be appropriate to their exploitation,
possibly by pooling their resources towards collectively
defined research and development objectives;

120. As petroleum-based fuel prices increase -and they
will increase again -alternative fuels and fuel blends will
become more and more competitive and in the medium-
to-long run will offset at least partly reduced and dearer
petroleum supplies.

121. All indications are that this is an energy transition
period in which a move is being made from an energy base
founded predominantly on petroleum to one based on
a multitude of alternative sources of energy such as coal,
gas, biomass, hydro, wind, solar, geothermal, nuclear
power, and on other energy resources. By now, most
Governments have formulated and adopted energy substitu-
tion strategies and programmes and are experiencing vary-
ing degrees of success. Whereas energy substitution is a
lesser problem in the industrial sector, for power plants,
and domestic consumption, the replacement of petroleum
by alternative fuels in the transport sector, and in particular
in road transport, poses a set of serious problem and, in
almost all cases, requires some compromises. Some of the
main issues which have to be considered by the developing

(d) A successful introduction of alternative sources
of energy or fuels on a large-scale requires that the public
be completely informed about the new products through
comprehensive information campaigns, that there is a
significant introduction bonus and/or incentives, and that
the price of the alternative source of energy is lower than
for the conventional types of energy. These will be the
decisive factors for either acceptance or refusal of a specific
type of alternative fuel.
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III. IMPROVEMENT POTENTIAL OF
NON-MOTORIZED TRANSPORT

1. With the advent of an uncertain energy situation,
most developing countries are faced with the problem ofreorienting 

their policies towards rural transport develop-
ment and trying to look into the potential of furtherimproving 

the operational efficiency and reliability ofnon-motorized 
transport, which is extensively used particu-

larly in rural areas and small towns in the region.

using animal-drawn vehicles amounted to 60 million tons-
kilometres of cargo and 250 million passenger-kilometres
annually. In China, although they have been supplanted by
motor vehicles in some areas, non-motorized vehicles have
certain advantages which means that they will remain
important in many places.

6. 

It "is therefore essential to improve the efficiency of
the non-motorized transport system in order to make it
lighter, durable and more efficient as this will undoubtedly
improve the lives of millions, possibly hundreds of millions,
of operators and users of non-motorized transport and
boost local industry.

2. The issue came into sharp focus recently through aninitiative 
of ESCAP, when a workshop on the improvementpotential 
of non-motorized transport was organized at

Bangkok and attended by 24 experts from ten countries of
the region.

3. The region, being populous and predominantly
agricultural, with many people living in poverty, non-motorized 

transport will continue to play an important role
in rural and small urban areas in many countries in the
region. It is used in relation to small-scale agriculture, for
the movement of people and freight and to provide access
to health, education and other social services.

7. It may be noted that a variety of different forms of
non-motorized transport are used in the region. Socio-
economic and terrain conditions have a major influence on
the forms of transport used and results in different types
and designs of vehicles being used within a particular
country and in different parts of the region. Many poor
people in rural and urban areas use non-motorized forms
of transport because these are cheap and can be operated
on narrow streets, tracks and foot-paths where many
motorized vehicles cannot be used. Non-motorized modes
are well-suited to the movement of small loads over fairly
short distances, journeys which constitute an important
element of transport requirements in the region, particular-
ly in the rural areas.

4. 

The ESCAP region contains about 2,600 million
people, more than half the world's population. About 80
per cent, i.e. 2,080 million, live in the countryside, many
of them remote from all-weather roads. In India, the
region's second most populous country, 70 per cent of all
villages are without all-weather road access. The proportion
is more than 60 per cent in Bangladesh and roughly well
above 50 per cent in mainland China, Indonesia and other
countries, so that huge numbers of people -well over
1,000 million -must use paths or tracks to travel from
village to market and possibly even from market to the
nearest town.

8. 

Given the concern for the high rate of unemployment
in the region, the importance of the non-motorized trans-
port sector may be emphasized as a major source of em-
ployment at minimal investment. The sector provides
employment in the operation of the vehicles, their manu-
facture and repair.5. As an indication of the scale of the non-motorized

transport sector, it may be noted that there are estimated
to be 25 million animal-drawn carts in the region. 'In
Bangladesh there are estimated to be 250,000 pedal
tricycles, 150,000 bullock carts and, because of the riverine
nature of the country, 300,000 country boats. In terms of
tons-kilometres, non-motorized forms of tranport carry
almost twice as much freight as the motorized forms. In
India, there are estimated to be over 15 million animal
carts. In terms of tons-kilometres, they are responsible for
about 70 per cent of transport by the rural household
sectors. In 1982, Indian bullock carts hauled about 40
million tons of paddy, 23 million tons of wheat and 17
million tons of coarse grains. In Viet Nam, the quan-
tity of goods moved by specialized transport co-operatives

9. Considerable efforts have already been made by
several countries of the region, to improve the various
types of non-motorized transport used in the region to
increase their payload capacity,. speed of travel, energy
efficiency and safety, to adapt them to particular applica-
tions, and to reduce the strain imposed on humans and
animals. Although most of the research on improvements
is being undertaken separately by individual countries
considerable potential exists for transfer of non-motorized
transport technologies within the region. There is a need
to exchange expertise and information on existing tech-
nologies, research and development work, socio-economic
aspects and government policies and measures in this field.
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10. In the case of bullock-carts, major improvements have
been brought about by Bangladesh, India and Sri Lanka.
The improved carts designed by the Farm Power and
Machinery Department (FPMD) of the Bangladesh Agricul-
tural University, the Central Road Research Institute
(CRRI) in India, and the Indian Institute of Management
(11M), generally speaking, lead to an average reduction in
draft requirements of 45 to 66 per cent and an increase in
speed of 20 to 30 per cent compared with traditional costs.
The improved carts are generally 25 to 50 per cent more
expensive than the traditional version, except for the
completely new cart designed by the National Engineering
Research and Development Centre (NERD), Sri Lanka,
which is lighter, has higher performance efficiency than the
traditional version, and the improved cart costs 20 per cent
less than the traditional one. In China, different harnessing
systems have evolved. The double-piece yoke arrangement
is used for all carts drawn by single animals, including
bullocks, buffaloes, horses and donkeys. This arrangement
is considered to be more effective and efficient for bullocks
and buffaloes than the neck yoke used in other parts of the
region. For carts drawn by more than one animal, the
double-piece yoke system is retained for one of these
animals. The other animals each have a harness at the neck,
which is attached directly to the cart by draught traces.
This system, known as double-piece yoke and independent
hitching, has several advantages.

effort required from the rider. In particular it allows the
rider to start from rest and climb gradients without getting
off and pushing the vehicle. It has been stressed that the
speed of the improved rickshaw depends on the puller. He
can alter the size of the gear ratios by fitting sprockets with
different numbers of teeth. The important feature is that
the improved version has two different gear ratios to suit
different conditions. Passengers fmd the improved body
more comfortable. The improved rickshaw is only 16 per
cent more expensive than the traditional version. The
Arpitrike, manufactured in small numbers in Sri Lanka
based on the oxtrike design developed at Oxford Universi-
ty, is a major improvement in tricycle design but so far it
has only found a market in Kenya, maybe because the
improved design is rather too expensive. Attempts are
also continuing to improve tricycle design in India and
by a private voluntary organization in Bangladesh.

12. With a view to appropriately determining the future
role of non-motorized transport, it is necessary that socio-
economic surveys be carried out in different countries in
the region to determine transport availability, constraints
and demand in rural areas as a basis for more effective
planning. Considering the benefits of exchange of informa-
tion and expertise, and the potential for transfer of non-
motorized transport technologies within the region, the
establishment of a network of focal points in member
countries with ESCAP at its centre is highly desirable.
Further research and development work should be carried
out on: (a) efficient, low-cost wheel-axle systems and
harnesses for carts as part of efforts to improve the efficien-
cy of draught animal systems, (b) improving the safety,
performance and load-carrying capability of tricycles, and
(c) the health hazards of tricycle and handcart pulling in
order to identify measures to reduce these hazards.

11. In the case of tricycles (rickshaws), Bangladesh
University of Engineering and Technology (BUET) appears
to be the pioneer in this region to undertake basic research
to improve the operational efficiency, reliability and
safety of rickshaws. Tests undertaken on the improved
rickshaw in Bangladesh have shown that it is easier to ride
than the standard version, and reduces the maximum
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IV. FEASIBILITY STUDY FOR THE ELECTRIFICATION OF THE
BANGKOK-CHIANG MAl -LINE OF THE STATE

RAILWA Y OF THAILAND (RSR)

Executive summary*

A. Energy Situation in the 1990's. Other primary energy sources do, however,
become available in the 1990's for marginal electricity-
generating purposes. The main ones are imported coal and
nuclear fuel. There is also a possibility of utilizing the
international hydro-electric power potential of Salawee and
fa-Mongo

1. The steep increase in the price of liquid fuels in the
period of the second oil crisis from 1979 to 1980 and
uncertainty regarding continued availability have led to
intensified efforts to use alternative sources of energy,
particularly in the transport sector.

B. 

Options and staged development
of electrification2. The need to use alternative sources of energy particu-

larly affects developing countries with little or no reserves
of crude oil of their own. The situation in Thailand is an
example of this.

7. An analysis of the present and future traffic distribu-
tion on the Northern and North-Eastern Lines indicates a
widely varying traffic density. The greatest traffic density
clearly lies between Bangkok and Ban Phachi on the North-
ern Line and between Ban Phachi and Kaeng Khoi on the
North-Eastern Line. The traffic density decreases steadily
as the distance from Bangkok increases.

3. Thailand has only small crude oil resources. Produc-
tion started in 1982 and it is planned to extend the produc-
tion to 20,000 barrels per day by the middle of 1984.
This target figure represents approximately 7 per cent of
the current consumption. Thailand will therefore continue
to be one of the developing countries with the largest
imports of crude oil or oil products.

8. 

Because of the widely varying traffic conditions,the 
study investigates two alternative options for electrifica-tion:

4. 

The difficulties caused by oil imports to the eco-
nomic development of the country are illustrated by the
following figures:

(a) Thailand's oil energy bill soared to 65,000
million Baht in 1981 from 2,400 million Baht in 1972;

Option 1 includes the whole of the Northern Line
together with the Ban Phachi -Kaeng Khoi connection.

Option 2 includes the section with the highest traffic
density, i.e. the Bangkok -Ban Phachi -Kaeng Khoi
section.

(b) Imports of crude oil in 1981 totalled 47,200
million Baht, imports of refmed products totalling 17,800
million Baht.

9. In the case of option 1, a differentiation has been
made between:

(c) About 49 per cent of Thailand's exports
earnings had to be used in 1981 to fmance the enlarged oil
bill; this compares with 30 per cent in 1979 and only 12
per cent in 1973.

Basic case: electrification with the present(a)
alignment;

(b) electrification with realign-Sub-alternative:
ment.

(d) The oil energy import bill amounted to only
1.7 per cent of Thailand's gross domestic product in 1973,
but it was 8 per cent in 1981.

The latter case implies that realignment between
Sila at and Lamphun will be carried out at the same time as
electrification. The objective of investigating this sub-
alternative, which is based on preliminary design criteria
only, is to determine whether the benefits derived from
electrification would be increased by the realignment. No
conclusion is drawn with respect to the justification for the

5. Electrification of RSR is regarded as a project offer-
ing great promise for saving diesel oil and extending the
use of alternative energy resources.

6. 

According to the Energy Master Plan for Thailand,
there will be no further substantial additional potential
for exploiting domestic natural gas, lignite and hydropower Note by the secretariat
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realignment itself. A conclusion on whether the realign- additional 2 million passengers per annum are forecast for
ment itself is feasible is reserved for a separate study which the situation with realignment and the reduction in journey
DEC will carry out in the second half of 1983. times associated with it.

10. The earliest dates for the completion of electrifica. 14. In this study, it is assumed that the commuter traffic
tion in a staged electrification programme are the end of (all passengers travelling between Bangkok and Lop Buri)
1990 for option 1 and the end of 1987 for option 2. will develop in the same proportion as the long-distance
Detailed data concerning the staged development are shown traffic. As a consequence, it is not anticipated that there
in the following table: will be any outstanding growth rates in commuter traffic.

C T ffi 15. A forecast produced by RSR gives a comparable
.ra IC traffic level for the overall traffic but in this case, the

rates of growth for the goods traffic were less optimistic
11. The technIcal and economIC mvestIgatlons are based d th " t ffi f bl tha th.an ose lor passenger ra IC more avoura e n e
on the results of a traffic forecast WhICh has been prepared

DEC f t d torecas a a.
by the consultant for the years 1990 and 2000.

12. An increase of tonnage from 5.5 million in 1982 to D. Operations
10.8 million in 1990 and 13.3 million in the year 2000
has been forecast for goods traffic on the total RSR 16. The following operational aspects should be noted
network. with respect to the electrification situation:

13. For the passenger traffic an increase from 80.0 (a) The connections to the workshop in Makkasan
million passengers in 1982 to 97.6 million in 1990 and and the port of Mae Nam must be included in the electrifi-
115.5 million in the year 2000 has been predicted. An cation scheme;

Stage Section Line km Completion of
.electrification

E-o
Z~ BANGKOK -BAN PHACffi
~ BAN PHACHI -KAENG KHOI
§ 1 KAENG KHOI -MAP KABAOI 153 End of 1987
-< KAENG KHOI -BANG CHONG TAla
~ MAENAM -YOMMARAT
~
~ BAN PHACffi -PffiTSANULOK
~ 2 BAN MAO -THALUANa8 305 End of 1988
--
;: 3 PHITSANULOK -SILA AT 99 End of 1989
0
E 4 SILA AT -CffiANG MAl 263 End of 1990
0

Total 820 End of 1990

Section Line km Completion of
electrification-

=
M ?~ BANGKOK -BAN PHACffi
Z ~ 8- BAN PHACHI -KAENG KHOI
g ] "0 KAENG KHOI -MAP KABA03 153 End of 1987
~ '5 -KAENGKHOI -BANGCHONGTAf

:g t MAE NAM -YOMMARA T

Total 153 End of 1987

a Industrial sidings at cement factories.

Option 1, present alignment, differs from sub-alternative option 1, realignment,
by the fact that the section with realignment in stage 4 is approximately 34
kllometres shorter.
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(b) It is recommended that the connections to the
industrial sidings of the Bang Chong Tai, Map Kabao
and Thaluang cement works should be electrified (only
Thaluang is involved in electrification in the case of
option 1);

supplied from the three-phase network of the Electricity
Generating Authority of Thailand (EGA T).

22. The electricity supply network in Thailand is exten-
sively developed. There is, in fact, a 115 kV transmission
line with numerous sub.stations running parallel to the
railway line for a large part of its length. EGA T has agreed
to additional branches being taken from the 115 kV trans-
mission line if necessary. Therefore, it is possible to con-
nect the railway substations by fourteen individual feeder
lines to the 115 kV transmission line and avoid the necessi-
ty for an additional and very expensive railway transmission
line to interconnect the railway substations.

(c) Even after the introduction of electrification,
certain types of trains will continue to be operated by
diesel traction (all the mixed and work trains and the
commuter trains from Don Muang to Hua Takhe).

17. Computerized Calculations on train running times
carried out for option 1 have shown that express trains with
electric traction from Bangkok to Chiang Mai are forty
minutes faster than those with diesel traction. However, in
option 2 the journey time savings on express trains are only
a few minutes on the substantially shorter electrified
section in the plain. The additional times required for
changing locomotives in Ban Phachi are completely com-
pensated by the time saved at Sila At because there is no
need for additional fuelling there. In the case of commuter
and ordinary trains, the travelling times are increased by an
amount above the average because of the improved
acceleration due to electric traction.

23. Further technical data on electric installations are as
follows:

(a) The total track length to be equipped with
catenary is approximately 1,000 km with option 1 and 280
km with option 2;

(b) The catenary consists of copper contact wire
with a cross-section of 107 mm2 and a seven-core copper
cable as messenger wire;

(c) The standard height of the contact wire will be
between 6 and 5.50 metres.18. The main operational problem on the Northern line

is the high section loading with its negative effects on
speed and punctuality. The planned improvement in
the signalling equipment and permanent way and the
possibility of electrification can make some contribution
to substantially easing the difficulties.

(d) The overhead equipment will be supported by
single poles at a distance of 70 m max. on straight line
sections and down to 2S m at curves;

(e) The poles consist of hot galvanized H-section
steel because no suitable concrete poles are manufactured
in Thailand;

19. The main advantage of electrification with goods
traffic is the increase in haulage of certain train categories,
especially unit trains. Although this provides an increase in
capacity and improves the operating situation, the turn-
round times of goods wagons remain practically unaltered
-mainly because of the unchanged customers' .orientated
times for the disposal of wagons, which determine the
turn-round times in Thailand.

(f) The substations will normally be equipped with
two transformers, each of 20 mV A. Only one transformer
is necessary at the moment on the northern part of the line
due to the lower traffic density there;

(g) Remote control equipment is indispensable for
the substations.20. To ensure that electrification is consistent with

continuing development, further measures aiming at in-
creasing the line capacity should be investigated from time
to time, depending on the traffic development actually
occurring.

24. In order to keep the investment costs as low as
possible, the possibility of providing simplified overhead
equipment has been investigated. For technical reasons,
however, the consultant would emphatically advise against
the use of simplified overhead equipment. Furthermore,
the investment savings derived from simplified overhead
equipment represents only a small proportion of the total
investment.

E. Electric installations

21. Electrification of the railway line is to be carried out
using single phase alternating current with a frequency of
50 Hz and an overhead contact wire voltage of 25 kV. In
the case of option 1, fourteen substations will be located
along the line at intervals of fifty to seventy kilometres to
feed the overhead equipment. The traction energy will be

F. Motive power

25. The technical characteristics of the electric locomo-
tive were determined from the maximum axle load of
fourteen tons (currently with diesel traction 13.75 tons; the
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line characteristics, and the future operating conditions. (b) The railway bridges are in relatively good condi-

In this connection, it should be noted that various mea- tion. In some cases, it will be necessary to extend the

sures, such as improvements to the permanent way and the structure gauge to allow the pantograph to pass and provide

signalling equipment and the replacement of the vacuum sufficient space for the overhead equipment. Three road

brake systems by air brakes, will be undertaken between overbridges have to be raised. Most of the pedestrain

now and 1990 and these will permit speeds to be increased overpasses and a few station canopies have to be adapted

to 70 kilometres per hour for freight trains everywhere in to the higher clearance proflle. Special attention has to

the plains and to 100 kilometres per hour for passenger be given to tunnel clearances. It has been found that a

trains over substantial sections. catenary system with a reduced height could satisfy the

requirements with only minor adaption work being needed.
26. For the anticipated operational conditions in the

1990s and later, the uniform use of a four-axle electric (c) The present overhead telephone lines of RSR

locomotive with a power rating of 2,200 kW is proposed will have to be replaced by cables because the interference

for both options 1 and 2. If realignment has been carried due to the electromagnetic fields would otherwise be too

out by 1990, the locomotive should have a power rating great. Relatively high investments will have to be made

of 2,400 k W. for the modification of track circuits. Other modifica-

.tions in the signalling and telecommunications sector
27. With respect to the commuter traffic, locomotIve demand only minor investments.

driven coaches are recommended rather than electric
railcars for reasons of lower investment and maintenance H. Investments

costs. Furthermore, the lighter construction of the coaches

compared with electric railcars provides savings in electrici- 29. The following tables give the initial investments

ty consumption. Push/pull equipment for commuter necessary for Option 1, with present alignment; Option
trains is indispensable. Additional technical data on the 2; and Option 1, with realignment.

electric locomotive are given in the following table:
30. The investment costs given are calculated on a 1983

price basis. For investment planning purposes one has to
Number of axles 4 additionally consider the actual inflation which takes

Axle load 14 t place during the intervening period. It is problematic to

T tal .ght 56 forecast inflation rates over long periods. However, it is
0 wel t estimated that the rates of inflation applicable to invest-

Weight transfer compensated to 0 ments requiring foreign funds would be around 6 per cent

Starting tractive effort 20,000 kgf per year for the next three years or so. This, however,

E . 1 t dh . ffi ' t 36 t will not affect the calculated internal rates of return (see
qUlva en a eslon coe lclen per cen the followmg sectIons) because the effect of InflatIon will

Continuous tractive effort 15,500 kgf apply to the benefits as well.

Equivalent adhesion coefficient 28 per cent
at reference speed 50 km/h

...Initial investments
Contmuous ratmg at wheel rim 2,200 kW
M . d lOOk /h (in millions of baht)

aXlmum spee m

Tractive effort at max. speed 7 ,600 k~ OPTION 1, PRESENT AliGNMENT FC LC Total

Line locomotives 2,344.5 499.2 2,843.7

G. Other Technical sectors Electric installations 1,156.7 680.2 1,836.9

28. The technical investigations reveal that there are no Signalling and telecommunications 387.2 128.2 515.4

major constraints to be observed in connection with the electrification project but that a number of special mea- CIvil engmeermg 7.4 32.4 39.8

sures will be necessary: Project management and training 87.0 16.3 103.3

(a) The workshop and depot capacities will suffice Contingencies 163.7 85.4 249.1

for the electric locomotives and also for the remain- T '

aJ. d . 11 . C . d "fi . ill h ot 4,146.5 1,441.7 5,588.2

mg lese ocomotIves. ertam mo IlcatIons w , owever,

have to be made to facilitate the maintenance of electric FC = expenditure in foreign currencies
locomotives; LC = expenditure in local currency
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Initial investments 32. The higher internal rates of return in the financial
(in millions of baht) calculations are mainly due to the higher fmancial costs

of diesel oil and higher savings with electrification accord-
OPTION 2 FC LC Total inglY:

Line locomotives 917.0 188.6 1,105.6 Financial costs = 6.90 baht/ltr

Electric installations 280.4 159.2 439.6 Economic costs = 5.52 baht/l tr

Signalling and telecommunications 90.8 20.7 111.5 33. In calculating the IRRs the following real annual

Civil engineering 0.8 3.3 4.1 increases in the price of diesel oil were assumed:

Project management and training 37.0 7.0 44.0 1981 -1987 : 1 per cen t per annum

Contingencies 40.9 19.0 59.9 1987 -2001 : 3 per cent per annum.
,

Total 1,366.9 397.8 1,764.7 34. All the basic and test calculations have been initially
carried out for the "electrical energy generation using

""' 1 imported coal" case. This also corresponds to the basic
Or.'/ON ,REALIGNMENT PC LC Total .

case of the Energy Master Plan for Thailand for the 1990s
Line locomotives 2,266.5 482.0 2,748.5 and beyond.

Electric installations 1,101.9 648.0 1,749.9 35. In addition. however, tests were carried out for the

following assumptions:Signalling and telecommunications 333.5 97.4 430.9

C' vil .. 3 0 13 0 16 0 (a) Electrical energy generation from nuclear fuel;
1 engmeermg ...

Project management and training 87.0 16.3 103.3 (b) Hydro-electrical generation utilizing the inter-
national hydroelectric power potential of Salawee and

Contingencies.. 152.3 77.3 229.6 Pa-Mong
" .

Total 3,944.2 1,334.0 5,278.2
K. Financial and economic evaluations

FC = expenditure in foreign currencies
LC = expenditure in local currency 36. The calculation of the basic economic internal

rate of return (IRR) gives 17.3 per cent in the case of
J. Basic internal rates of option 2. This rate is above the opportunity cost of capital,

return (IRR) which is estimated at 16 per cent for Thailand. Electrifica-
tion is therefore economically feasible and can be recom-

31. The different investment and operating costs have mended in the case of option 2. The result improves even
been separately determined for the alternatives "with further to 17.6 per cent if a monetary value is placed on
electrification" and "without electrification" (rationalized time savings in long-distance passenger traffic and taken
concept with diesel traction). The IRR resulted from a into account in calculating the IRR.
cost comparison of the two concepts, which showed the
additional investment costs of electrification and the If, _as an alternative, it is assumed that the primary
operating and maintenance cost savings which electrifica- energy source for generating marginal power in the 1990s
tion would bring about. The following IRR were calculated.: and beyond is not imported coal -as is assumed in the

basic case of the Energy Master Plan -the alternative
(a) Basic fmancial calculations: calculation gives an improvement in IRR from 17.3 to

O . 1 li IRR 185 18.5 per cent in the case of hydropower, whereas the
ptlon : present a gnment =. per cent ..

-result for nuclear fuel IS about the same as that for lffi-
Option 2: IRR = 21.8 per cent ported coal.

Option 1, with realignment: IRR = 19.0 per cent 37 Th l' .bil.t f 1 t .fi ... 2 . .e least I y 0 e ec n Icatlon m option IS sup-

(b) Basic economic calculations: ported by the fmancial IRR which at 21.8 per cent clearly
exceeds the economic rate.

Option 1: Present alignment IRR = 15.7 per cent
.38. In making a judgement of the calculated economic

Option 2: IRR = 17.3 per cent "
and financial IRRs, It should also be noted that only the

Option 1, with realignment: IRR = 16.1 per cent most important cost categories have been included for
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reasons of simplification. In addition, however, there are
some auxiliary costs which can be avoided in the case of
electrification and which would thus further improve the
IRR results.

decisively on the interest rate of the debt service. With
interest rates between 9 and 11 per cent the operating
cost and investment savings together, which could be
derived from electrification, fully cover the fmancial
commitments of the debt services. In addition, there is
actually a clear positive cash flow. If, on the other hand,
an extraordinarily favourable interest rate of 3 per cent
is assumed, the operating cost savings alone then suffice to
finance the debt service. The cash flow under such condi-
tions shows a corresponding further improvement.

39. In contrast to option 2, the calculated economic
IRRs for option I, present alignment and option I, realign-
ment are immediately under or slightly over the opportuni-
ty costs of capital. It is not therefore possible to make an
absolute recommendation for electrification in these
cases.

46. 

The recommendation in favour of electrification in
the case of option 2 also took account of the intangible
effects. The following positive aspects, in particular,
arise:

40. 

In the case of option l, present alignment and option
l, realignment, it is therefore recommended that a fmal
decision be delayed, i.e. electrification should initially be
undertaken only on the line sections Bangkok-Ban Phachi
-Kaeng Khoi. A final decision on whether to carry out
electrification on further extended sections should be made
only if the parameters which are most decisive for the
evaluation develop in favour of electrification. As the test
calculations show, the parameters traffic volume and
price of diesel oil are highly sensitive.

(a) The environmental nuisance of diesel traction
can be reduced;

(b) The capacity problem of the Northern and
North Eastern lines will be somewhat eased by longer
trains with electric traction;

(c) There are positive advantages with respect to
employment of the domestic labour force during the
construction phase. It will overbalance the negative socio-
economic effect due to reduction in the labour force,
mainly in the workshop, after electrification.

41. The results of this study should therefore be updated
from time to time. A conclusion in favour is quite possible,
particularly if the increase in passenger traffic is greater
than that assumed by the consultant; and if the price for
crude oil and petroleum products becomes more mobile
due to market disturbances -as in the periods of the two
energy crises in the last decade. (d) In addition, there are positive strategic aspects

such

42. On the other hand there is a certain risk concerning
the future development of the goods traffic. This is also
reflected by RSR's own forecast which is less optimistic
for freight than for passengers. Nevertheless, a test calcula-
tion based on RSR forecast figures showed that the effect
of a less promising development in the freight sector could
easily be compensated by a more favourable development
on the passenger side.

(i) Savings in foreign currencies;

(ii) Greater independence from foreign energy
resources;

(iii) Improvements to the railway system which
will continue to play an important role in
the transport sector.

The last point is particularly important from the
point of view of energy conservation.

43. 

The analysis should also be updated when the study
on realignment is completed, if the results of the latter
study differ from the preliminary data assumed.

47. The electrification investment costs -even if consi-
deration is limited to the line sections of option 2 -are of
an order of magnitude which makes support of the project
by the Government of Thailand necessary. The electrifica-
tion must therefore be considered as a national project.

44. 

In order to carry out electrification, the following
investments are necessary for option 2:

,366.9 million baht

397.8 million baht

Investment in foreign currencies

Investment in local currency

Total

48. 

In this connection, attention should again be drawn
to the necessity of co-ordinating investments in the
transport sector and formulating a clear transport policy.
This should be particularly emphasized because it is the
only way of effecting and ensuring the greatest possible
benefits from an investment of this type.

1,764.7 million baht

45. 

The cash flow calculations undertaken for option 2
show that the RSR financial burden/advantage depends
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V. ELECTRIFICAllON OF RAILWAYS IN THE USSR*
Pre~nt state and prospects

electrified lines) will be electrified using the up-to-date
a.c. system of 25 kV 50 Hz.

1 .In considering the prospects of technological moder-
nization of railway transport and further growth of the
traffic capacities of the most heavy-traffic routes, primary
importance has always been attached and will be attached
in future to electrification of railways.

8. There will be provisions for wider application of the
novel a.c. power supply autotransformer system of 2 x 25
kV. Operating and research experience in the use of
the system of 2 x 25 kV have proved that the system can
be advantageously employed in station-to-station areas of
great length (up to 100 km). Besides, as compared with
the system of 25 kV, the system of 2 x 25 kV permits
reducing the effects on the communication lines by 7
to II times, and reducing the hazardous induced voltage
by 8 times.

2. Although the rates of electrification of railways
increased substantially by the end of the tenth five-year
period, the length of electrified lines reached a total of
45,700 km before the year 1983 (that is, 31.5 per cent of
the railway operating length), and the share of electric
traction in transport service rose to 56 per cent.

3. During the period from 1981 to 1985, over 6,000 km
of railway lines were to be electrified, with the result that
before 1985 the length of the electrified lines would be
over 50,000 km and would permit handling 59 to 60 per
cent of the total freight turnover.

9. The national electrical engineering industry has
mastered manufacture of traction-type single-phase double-
winding transformers rated at primary voltages of 110 and
220 kV and autotransformers intended for use with the
system of2 x 25 kV.

4. The electrified lines are characterized by constantly-
growing density of freight traffic. For example, at the end
of the tenth five-year period, the mean density of freight
traffic on the electrified lines amounted to 45 million
ton-krn/km, with the mean density of railway network
traffic constituting 25.6 million ton-km/km.

10. In addition, a programme is now in development and
nearing completion for manufacture of traction-type
single-phase three winding transformers having a power of
25 MV A, incorporating a low-voltage winding of 10 kV
and serving as a power supply to district consumers.

11. Apart from the use of the 2 x 25 kV system for
electrifying new lines, it is expected that in future it will
be employed for improving the most heavy-duty and
heavy-gradient railway sections already adapted for 25-
kV a.c. traction.

12. During the eleventh five-year period, a number of
heavy-traffic lines will be transferred to electric operation
including the Tzelinograd-Kokchtav-Peski Tzelinnye-Utiak
line in Kazakhstan and the Tiumen-Nazyvayevskaya line
in West Siberia. The Krasnoufimsk-Cherusti section con-
necting the European part of the country to the Urals will
also be electrified. The Moscow-Brest route is at the stage
of completion of electrification, and electrification of
the Baikal-Amur main line (at the Lena-Nizhneangarsk
section) is under way. A large amount of work will be
accomplished for electrifying the Bira-Karymskaya line in
the Eastern part of the country. Application of the electric
traction in the foregoing transport range will permit saving
2.1 million tons of diesel fuel and reducing the annual
operating expenditures by 390 million roubles.

5. According to the "Principal trends in economic and
social development of the USSR national economy for the
period of 1981-1985 and for the time till year 1990", the
freight turnover shall increase by the end of the eleventh
five-year period by 14 to 15 per cent for the railway
network, and by 21 to 22 per cent for electric-traction
transport. Hence, the main burden in increasing the trans-
portation volume will fall, as before, upon the electrified
lines. In this connection, high dependability of the electri-
fied railways, and of the power supply equipment in
particular, becomes increasingly important.

6. In order to satisfy this important requirement,
further technological modification of the electrification
facilities, improved planning and accomplishment of
maintenance, and high efficiency in operation of the
electrical equipment are necessary. The foregoing pro-
gramme can be advantageously realized through the high-
efficiency brou~t about by scientific and technological
development, utilization of achievements of science and
engineering, and adoption of progressive industrial
methods.

7. During the current five-year period, the main part
of the railways (about 90 per cent of the total length of

*
Contributed by the Government of the Union of Soviet Socialist

Republics.
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13. .In addition to transfer of the railway lines to the
electric traction, the most important routes require ac-
complishment of a considerable volume of work for im-
proving a number of railway sections adapted for d.c.
traction.

21. For prolonging the service life of catenary wires and
minimizing their wear, it is expected that in the year 1983,
the d.c. electric locomotive current collectors will be re-
placed fully by cermet current-collector bars, with the
result that the copper current-collector strips can be re-
placed by new strips in all the electric traction rolling stock.

14. Opportune improvement of the electric power
supply equipment carried out on a programmed basis
over several years has resulted in increasing the mass of
trains, in employing locomotives of higher power, and in
eliminating the restrictions in operation of the electric
power supply equipment.

15. During the current five-year period, the d.c. railway
lines have been improved chiefly by construction of extra
traction substations, sectionalizing points and parallel
connection points, and likewise by increasing the catenary
system. In spite of the fact tllat increasing the catenary
sectioll involves many difficulties, the method has found
primary application because of the lack of other competi-
tive techniques.

22. To facilitate accomplishment of this purpose, low-
alloy tin-doped catenary wires will be widely used, with the
wear resistance exceeding that of the copper wires by 10 to
12 per cent. The foregoing measures will permit reducing
the service requirements of catenary wires by about 30
per cent.

23. The demands of highly deficient copper materials will
be substantially cut down due to the use of bimetal steel-
aluminium wires.

24. 

Since 1981, the electrified railways have been sup-
plied with c1amp- and bracket-type insulators featuring
improved mechanical and electrical characteristics. Poly-
mer and glass insulators fmd increasing application.

16. As the weight and speed of trains operating on the
electrified railways have grown, a considerable volume of
work was carried to improve the dependability of the
electric power supply equipment.

25. Further mechanization of operations is also contribu-
tive to improvement of dependability of the catenary
system and to reduction of labour expenditures. For this
purpose, novel special-function equipment (such as the
repair train, self-moving hoist, etc.) are now being de-
veloped for maintenance of the catenary system. Much
attention will be given to design and production of small-
scale mechanization facilities.

I 7. The catenary dependability was improved in the first
place by replacing the mechanical and electrical bolt
joints of wires with fittingiess joints made by explosion and
thermite welding methods. The explosion welding techni-
ques have found wide application for jointing the catenary
wires. At the present time, a process is being developed for
manufacture of catenary wire joints by the explosive
welding method. Prototype joints manufactured by explo-
sion welding are now subjected to service tests.

26. The operation of the traction substations will be
further improved by application of novel advanced high-
dependability equipment characterized by better power
parameters. High-power high-dependability high-speed
switches with a rated current of 4 kA now put to series
production will be extensively employed by d.c. traction
substations. Manufacture of 6.3-kA high-speed switches
will be in production in the year 1983.

18. Another technique developed at present for a noval
method of boltless wire jointing consists in application of
compression clamps. To permit wide use of such com-
pression clamps in the nearest future, the clamp manufac-
turing procedure must be simplified and series production
must be set up.

27. Provisions will be made for wider application of the
vacuum switches installed at the a.c. substations. Apart
from the 25-kV vacuum switches now in production, the
35-kV single phase switches now designed by the electrical
engineering industry will be put into service.

19. Much attention in improvement of dependability of
the catenary system is being given to construction of
diagnostic equipment. During the eleventh five-year
period, the research work is to be continued for modifica-
tion of infrared thermometers intended for remote
measurements of the temperature of heated electrical-
contact wire joints, and devices for diagnosis of catenary
system supports and foundations will undergo the tests.

28. After production of the vacuum switches is raised to
a higher level, they will also be used by the sectionalizing
points and parallel-connection points to provide for simpli-
city of servicing. It is expected that the converter units will
be modified by application of high-accuracy gates and
economic conversion circuits.

20. In the current five-year period another important
problem shall be solved, i.e. to provide a device designed for
automatic measurements of wear of the catenary wires.

29. A new converter using high-reliability long-life gates
with natural air cooling is being designed. The series
production of such converters is scheduled to begin in
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1984. An advanced unswitched rectifier-inverter unit using
long-life thyristors and a high-dependability control circuit
will be developed during the current five-year period.

using integrated circuits have proved that this trend is quite
promissing and the respective equipment is to be developed
and introduced at higher rates.

34. It is expected that the efficiency of control of the
power supply facilities will be improved by construction of
central power distribution and control offices. At the first
stage, the central power distribution and control offices
will be furnished with the immediate communication and
remote control devices intended to receive the data from
the power supply section control centres pertaining to the
state of the main equipment of the traction substations
and to energizing of the catenary system and automatic
blocking high-voltage lines. At the later stages, the central
power distribution and control offices will employ compu-
ters for solving the operational problems, and for recording
statistic data. Such offices have already been constructed
in the Donetzk and Severo-Kavkazskaya railways. Similar
offices will be built during the current five-year period in
the East-Siberian and Kraskoyarsk railways. The power dis-
tribution and control posts of the power supply sections will
also be equipped with the computers to relieve the burden
of unnecessary information falling upon the dispatchers,
and to facilitate solution of the operational problems.

30. The operating dependability of the traction substa-
tion will also be improved by introduction of novel
methods for checking the condition of the equipment and
by furnishing the fault diagnosis devices.

31. The automation and remote control will still consti-
tute one of the most important trends in technological
progress of the electrification and power engineering
services. In the current five-year period, the rates of
introduction of automatic and remote control equipment
at the electrified railway sections will be somewhat higher
as compared to the tenth five-year period. The remote
control systems will be established on a length of about
6,000 km of railway lines, including 2,500 km of lines
already electrified.

32. New railway lines and junctions will be primarily
equipped with the LISNA remote control system which
will also be used for replacement of the operating equip-
ment after termination of its service life.

33. In addition to wider introduction of the. automatic
and remote control facilities, the devices now in use will
undergo further modification on the basis of integrated cir-
cuits which represent a family of new elements. The
operation tests of the prototype devices for protection of
the catenary system feeders and remote control posts

35. The further development of railway electrification
and raising its engineering standard will greatly contribute
to the scientific and technological progress in the railway
transport of the USSR.

(These drawings are appended.)

Figure 1. LISNA-type system for remote control of power supply unit:
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Figure 2. High-speed switch

1. Switch

2. Arc chute

Fjgure 3. Vacuum switch

1. Vacuum bulb rack

2. Drive box
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VI. THE ADVANTAGES FOR THE COMMUNITY
OF RAILWAY HIGH SPEEDS*

railway and, therefore, one of the easiest ways to reduce its
unit consumption is to ensure that greater use is made of its
available capacity by making it more attractive to potential
customers. In addition, as a tracked mode of transport, the
railway lends itself to electrification and can thus take
advantage of all the different sources of primary energy :
coal, oil, gas, hydroelectricity, nuclear power, etc. These
possibilities are of key importance for the transport sector,
where varying the source of energy supply is at least as
crucial as cutting unit consumption.

1. The purpose of this article is to show, using experience
in France for illustration, the potential advantages of high-
speed rail transport systems in terms of energy. We shall
not deal with the specific advantages of such projects, i.e.
the high rate of return for the community and the railway
operating the high-speed services, the possibility of develop-
ing high-speed networks compatible with the conventional
network so that high-speed trains can run through to the
heart of our towns and cities or the traditional assets of the
railways such as regularity, safety, their almost total lack of
pollution, space efficiency, etc. We shall instead examine,
in turn, the various factors involved in differential analysis
of energy consumption in high-speed (TGV) train opera-
tions and the cost of the energy required for building the
corresponding infrastructure. Figures will be given for the
Paris -South-east TGV services linking Paris with towns
in south-east France and for the TGV Atlantique project
to connect Paris and west/south-west France.

5. In all the'more advanced countries, in particular in
France, medium-haul intercity air services are rapidly
proliferating (500 to 1,000 km). This corresponds to a
market sector largely dominated by the roads over the
last twenty years. As a general rule, groups of two to five
people travelling together for private purposes tend to
choose to travel by car, whereas businessmen favour air
services. But over such distances, wide-bodied jets have a
unit consumption in the range of 50 oil equivalent grammes
(oeg) per passenger-kilometre (Pkm) with an average load
factor of 65 to 70 per cent and cars have a unit consump-
tion of 30 oeg/Pkm with an average of around two passen-
gers. The railway, on the other hand, has a unit energy
consumption level of 13 oeg/Pkm for its fast trains and
intercity expresses (140 to 160 km/h) with an average load
factor of 50 per cent. This is half the figure for a car and
four times less than a plane.

A. Principles of differential analysis of
energy consumption

2. Generally speaking, the transport sector of any
branch of economic activity has its own specific and
constant characteristics where energy is concerned:

(a) It is always highly dependent on oil, a rare and
valuable commodity very sensitive to political and econo-
mic fluctuations, and, despite the two major oil crises in the
1 970s, little has changed in this respect; 6. The TGV, with a 65 per cent load factor and a

maximum running speed in service of 260 km/h, offers
average unit consumption of 16 oeg/Pkm, which is only
slightly higher than the result for a conventional train.
The reason for this is that the TGV has excellent aerodyna-
mic qualities (streamlined ends, articulated trainsets,
smaller vehicle gauge) and a high load factor due to the
appeal this new product has for the public.

(b) It usually has more difficulty than other
sectors in saving energy. In most cases, technological
progress is not so much used to reduce unit consumption
but more to improve performance, in terms of average
speed, in particular.

3. Furthermore, government policy as regards this
problem is more often that of trying to reduce the unit
consumption of each mode rather than challenging the
model split that is in force to meet transport demand.

7. Basically, passengers choose their mode of transport
as a result of variable economic factors including the price
of the journey, the journey time assessed differently in
terms of cost depending on the value attached by individual
passengers to their time, together with the value attached to
such things as the time wasted awaiting departure, the need
to change to connecting services, etc. The resulting variable
is referred to as the "general overall cost". With journey
times of two to three hours from centre to centre for

4. The railway could make a major contribution to
energy policy in the transport sector. In the fIrst instance,
its unit consumption is almost always lower than that of
other modes for passenger and freight transport as a result
of its inher~t characteristics: the steel wheel on steel
rail technique and the system of grouping together separate
vehicles thus keeping rolling resistance to a minimum.
Secondly, the principle of increasing returns applies to the

~ Contributed by Department of studies, planning and research of

the Frence National Railways (SNCF)
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intercity services over distances of some 500 kIn, with B. Effect of the Paris -South ~st TGV

through running because it can operate on the conventional on overall energy consumption the

network also and with well-co-ordinated connections to Paris -South East route

urban transport facilities, the TGV is highly competitive, in terms of its general overall cost, with private cars and 12. The malO characterIstIcs of the first TGV project

air services on these routes. (line layout, journey times) are given in annexes I and II.

.A point of particular interest is that the distance between
8. Introduction of a high speed rail service ~an reve~~e Paris and Lyons on the new line is some 20 per cent less

trends, therefore, in the pattern of modal choIce. Rail s
h th Idd . d ... t t t an on eo.

share of the market on me lum- Istance IntercI y rou es

is growing. TGV traffic comes to a large extent, from the 13. Compared with conventional trains, the TGV has the

conventional rail services it has replaced; for the rest, from following characteristics: sharply tapering ends; height

roads, airlines and from the increased mobility it has above rail level reduced by some 30 cm; minimum gaps

generated. Under these circumstances, the energy balance between vehicles; and a minimum of parts projecting

sheet for TGV operations, comparing the present situation beyond the roof, underframe and sides. The TGV trainset's

with the situation before the TGV existed, shows savings remarkable aerodynamic qualities can therefore allow it to

in primary energy and in the consumption of oil products. travel at very high speeds with an energy consumption per

.. th f h ." passenger/kilometre considerably below that of cars or
9. We shall be explaInIng e nature 0 suc saVIngs lor 1
the Paris -South East TGV and for the TGV Atlantique panes.

project. However, at this point in our argument, we shall

ascertain the amount of ~nergy required to build ~e new Figure 1. Energy consumption of the TGV per passenger/

infrastructure so that thIS factor can be set agaInst the kil t . lat . t th 1 d ~ t...orne re In re Ion 0 e oa lac or
energy savings mentioned above. It IS, Indeed, essentIal

to calculate the time needed to obtain a return on the Consumption
energy invested in building the TGV infrastructure in order oeg/Pkma

to make a correct assessment of the real advantages of the 40

project in terms of energy. In our calculations, the dif-

ferential energy costs of the rolling stock are omitted since, 30

in the examples under consideration, the TGV replaces. nal il .208conventIo ra serVIces. 20 10. The amount of energy required for construction work 10-

includes the energy needed to manufacture the infrastruc- :

ture components; the energy consumed in transporting 0 : Load factor

these components from their place of manufacture to the 20 30 40 50 60 70 80 90

worksite. and the work done on site: earthworks, civil,
1 f h t t t F. es"or a Oil eq uivalent grammes rer passenger/kik>metre.

engineering, aying 0 t e supers ruc ure, e c. 19ur .1'

such data were calculated in detail for the TGV Atlantique

project and the results will be explained below. 14. Figure 1 shows the variations in energy consumption

per passenger/kilometre in relation to the load factor.
11. Once the two aspects of the energy problem have If we take a load factor of 65 per cent (a figure that can be

been analysed for a high-speed line project, the following achieved with the many direct TGV services), the unit

items of data are available: the balance at end of year in consumption expressed in oil equivalent grammes (oeg)

terms of operating energy, and for primary energy; and will, on average for all the TGV network, be 20.8 oeg for

the cost of energy for building the infrastructure, and a passenger travelling in 1 st class and 13.2 for a passenger

for oil products. It is possible then to take stock of the travelling in 2nd class, giving an average overall of 15.9

situation in present-day values on the basis of oil equivalent oeg. In comparison, air traffic that will transfer to the TGV

tons (oet). For this, it is necessary to defIne the rate to be will consume some 54 oeg per P/km on average under the

applied to the oet to indicate the preference for immediate same conditions, working on the assumption that a fleet

savings as compared with longer-term savings. If this rate of modern aircraft is operated. Cars, on the other hand,

is "a", 1 oet saved over "n" years is equal to ofa)n oet will ~ave specific cons~mption of something ~ the range of

available immediately. By means of such calculatIons, a 7.5 lttres per 100 km, I.e. 42 oeg per P/km, SInce the traffic

single indicator is needed to show the energy advantages of that will be transferred will consist half of single passengers

a high-speed line project. and half of groups of two people.
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15. The TGV will set in motion a series of radical changes 16. The new line in its entirely will come into operation
in the standards of passenger services between Paris and the from September 1983, following the opening of the first
south-east. All strata of the population will be able to section (corresponding to about 2/3 of the project) on 27
benefit from the speed, frequency and comfort of the TGV September 1981. The result will be a shift in the balance
service at a price far below that of the airlines. On average, of the modal split on the Paris -South-east route to the
those using the new service will save two hours on journey advantage of the railways as an energy efficient mode.
times between Paris and the main towns in the south-east
(see annex II).

Table 1. Passenger market on dIe Paris -Soudt East route

Development of traffic (in million passengers/year)
Development of market shares in percentage

"

1985 (estimates)
.1969 1979 without TGV with TGV

Pass. 7..2 16.8 , 21.6 18.8
ROADS Share (per cent) 37.5 48.0 48.0 41.0

Pass. 2.0 4.6 7.3 5.1
AIR Share (per cent) 10.4 13.1 16.2 .11.1

Pass. 10.0 13.6 16.1 22.0
RAIL Share (per cent) 52.1 38.9 35.8 47.9

Pass. 19.2 35.0 45.0 45.9
TOTAL Share (per cent) 100 100 100 100.0

17. Daytime rail traffic on the existing line will all be have, in fact, become so great that the SNCF has had to
transferred to the TGV, whereas only part of night services divert increasing numbers of freight trains and stable slower
will make the change. In particular, unit energy consump- trains to allow faster ones to pass and, under such condi-
tion for passengers on Trans Europe Express trains, fast tions, if regularity of services is to be maintained, this has
high-quality trains and, in some cases, night trains will automatic repercussions for energy consumption. It should
increase only slightly and may even fall with this transfer also be noted that newly-generated traffic implies that
operation. Table 2 below shows the different energy the_re will be extra consumption for transport but that this
consumption for the various aspects of TGV traffic: will replace consumption in other sectors which also

would have required energy. In our cautious working
Table 2. Variations in primary energy consumption hypothe~is, we have not taken this effect into account.

between dIe previous reference
situation and dIe situation 19. In all and in the light of these last factors, the TGV

widt dIe TGV (in oil in 1985 should result in overall energy savings some 65,000

equivalent tons) oet.
(1985)

20. Mention should also be made of the benefits accruing
Traffic transferred from the conventional railway. ...+ 3,700 from the fact that the TGV will run on electricity that can

Traffic transferred from the airlines. 33,300 be produced from any primary source of energy. In parti-

Traffic transferred from private cars. ." ..." 41,400 cular, in France, for the 1985 time horizon, the marginal
Newly generated traffic. " " + 7,700. kWh should be only 37 per cent oil-dependent and in 1990

the figure should fall below 15 per cent. Thus the counter-
TOTAL -63,300 h . 1 d . d ill b "d b1part to t e saVIngs a rea y mentlone w e conSl era y

18. To this we should add the energy saved by the SNCF higher savings in oil product consumption that can be quan-
with the end of congestion on the existing lines. Problems tified at about 100,000 tons.
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21. Although these figures may appear low when com- tunnel building, will amount to an energy consumption
pared to overall national consumption, they can be seen in figure of 76 K oet, including 68 K oet which will be oil.
quite another light when set against the overall energy ..

.l" . t t ffi b t th 24. In all the cost of energy to build the mfrastructure
consumption lor mterci y passenger ra IC e ween e f h TGVAtl . 1. ill t t 1... h or t e antique me w 0 a :Pans region and south-east France. In 1985 with t e
TGV, overall consumption will fall by 10 per cent for

T bI 3 C f f b ildin tha e .ost 0 energy or u g e newprImary energy and 18 per cent for oil consumption. thiS TGV Ala. r
is indicative of the real benefits of the TGV as regards t ntique me

energy savings in the transport sector, particularly for 103 OET Oil E1ectricity Other Total
oil products.

Producing the materials 49.4 43.4 112.7205.5

C. Estimated cost of energy to build Transport to the site 8.9 2.2 11.1

the infrastructure for the TGV Use on the site 68.0 8.0 76.0

Atlantique project TOTAL 126.3 53.6 112.7 292.6

22. To build the infrastructure for the TGV Atlantique i.e. on average, 863 oet per krn of double track.
line the following materials will have to be produced,
transported and used on the site: D. Conclusions

Gravel, aggregates, ballast 6.37 million tons 25. Our conclusions relate exclusively to the energy

Cement and building materials 573 thousand tons factor. They fall, in general, into two categories:

Steel and assimilated 229.4 thousand tons (a) The electrified TGV high-speed train consumes

Wood 5.3 thousand ton5 little energy and, especially little oil. Because of the
Plastics and elastomers 4.5 thousand tons standard of service offered, many customers are tending

to defect from other modes with higher energy cons\imp-
Non-ferrous metals 2.8 thousand tons tion and greater oil-dependency. The result is major

.savings in the energy used in operating;On the basIs of average French energy figures, 205.5 K oet
will be needed to produce these materials (not counting (b) The amount of oil used in the building phase
the energy to manufacture the machines needed for the of TGV infrastructure is relatively slight (at least as far
purpose and not counting human energy). Of this 49.4 as France is concerned).
K oet will be oil and 43.4 K oet electricity.

Cohsequently, if these energy savings are judged on
23. To convey these materials from the place where they the basis of present-day values (using a rate of 9 per cent
are produced to the worksite, energy consumption will by analogy with economic calculations), the time required
represent 11.1 K oet (for 1,200 million T x km), 8.9 K oet to obtain a return on the primary energy invested in build-
of which will be in the form of oil. Use of these materials ing the TGV infrastructure is in the 10 to 15 year range
for the manufacture of sleepers, long welded rails, track and for oil products it is a mere matter of 2 to 4 years.
laying, overhead line construction, signalling and telecom- These figures are clear proof of the considerable benefits
munications, not forgetting earthworks and bridge and for the transport sector of such projects in terms of energy .

41



,

Annex I.

;,' _:..:" , :
,,", :I " "'" " .

t- I " ",..".11'. 'rnADT~l'" ~.J.
., -(.Q LPARIS I ,'. """l,' d-

:.4 I'-~ ".",!, c,': .'.'.'.~ ' I, r ..'

i. ,.,1 I
'1 t.-.I ,..) '. .

l \..' ~

I ! .' , ,';-\. r
-' I .-'; , '

,", ".
,

,~_r .:' ". ' "

." .

~

...":.

.-.~ "" . ',
..' .-.".I I I ~TTn~TI.., , :. ...I DIJON I '.

.~ ~-.." : "
-

-..
...'.! 'Ii :' ' , ...

; .''. .
,;. ., {~~~~:~ONTCHANiN .-.~,.LE CREUSOT '

.'.'\.. .-., ,,
r .' .

, ...
-, .'.,

" 'rM~..

New infrastructure Sathonay. -
Existing infrastructure KYQ:ffi \

'.
nf ,,'-

I rastructure at present used by :.' the TGV ~I\- ~ .

42



Annex ll.

DEVELOPMENT OF TGV SERVICES IN THE SOUTH EAST -1983/1984 WINTER TIME TABLE

@ number of outward and return
6 services (on weekdays)

1.26 best time

0 From 22 .1 .1984

+ One train extra in
the high season

0
BESAN(:ON
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VII. HOW INCOME AND OTHER SOCIa-ECONOMIC FACTORS
INFLUENCE TELEPHONE, TELEVISION AND

RADIO USAGE BY HOUSEHOLDS IN
URBAN AND RURAL AREAS*

Introduction economic surveys, etc, are a relatively new occurrence inter-
nationally. Some 10 to 15 years ago such surveys were
undertaken in a very limited number of countries. The
assistance rendered in this field by various Unifed Nations
organizations, and in this region by ESCAP, have greatly
contributed to the situation in which such sample surveys
are now being carried out in more and more countries.

A research project was started by ESCAP in 1981 to
analyse certain existing sample surveys in various coun-
tries with the purpose of identifying the socia-economic
factors which may explain the penetration of such com-
munication services as RADIO, Television and Telephone.

The first phase of the project covered two countries
in Asia, namely Thailand and Singapore. The results fromthese 

investigations have been reported on in detail and willbe 
covered in this paper.

For the past 8 years reports suitable for the kind of
investigations to be explained subsequently and which
refer to our particular interest, telephone, television and
radio, have been available from 22 countries. This repre-
sents about 50 per cent of the ESCAP region member
countries.

A second phase of the investigations has since been
sponsored jointly by the ITU and ESCAP, covering two
other Asia countries, Malaysia and Sri Lanka. The analysis
of the available data will soon be completed, but certain
preliminary information from these country studies will be

given in this paper.

The information included in such sample surveys,
however, is not always presented in such a way that the
data taken from official publications give the necessary
information on the communication services of interest.
Whilst radio and TV are usually included in the survey, the
same is not true for telephone usage.

However, a detailed report, covering all the above -mentioned 

four countries, is to be prepared. It will permitinteresting 
comparisons between countries and in some

cases also a comparison of data representing the situation
in different years for the same country. This will permit
study of the time-dependent effects.

It is therefore necessary to consult the responsible
Statistics Departments in the countries concerned to
see exactly which questions were possed in the ques-
tionnaires. Often the data are available on the data tape
but may not have been analysed or tabulated in the printed
documents.

In addition to these Asian countries, the author is
also currently studying data obtained from three other
countries, Canada, Greece and Jordan. In the four countries investigated in the ESCAPjITU

project it was necessary in all cases to seek such "addi-
tional" information, usually by running the data tapes
again and tabulating data according to specific procedures
for the purpose of our analysis.

The models of service penetration, density formulas,
and forecasting procedures will be tested with these non-
ESCAP region countries, to determine whether the methods
obtained are more widely applicable.

3. 

Data sources used

2. 

Sample surveys
The following sample surveys have been studied inthe 

four countries concerned:
The main data sources available for investigating the

use of public utilities, such as telephone, TV and radio, are
the sample surveys undertaken by Governments.

Malaysia
These provide tlle Governments, and otllers, witll

very important information on the social, demographic,
economic, situation etc. in a country, and on the basis of
these data judgements can be made on the effect of policies
previously taken and guidance obtained in deciding on new
ones.

i-Household Expenditure Survey, 1973
ii -Household Expenditure Survey, 1980

Singapore

Household Expenditure Survey, 1972/73
Household Expenditure Survey, 1977/78

i
ii

Sample surveys, often called socio-economic surveys,
household expenditure surveys, labour force and socio- Contributed by Lars Engvall
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Sri Lanka used in the Singapore Household Expenditure Survey
1977/78 is entitled "Consumer durables etc" and the Sri

i-Labour Force and Socio-Economic Survey, Lanka questionnaire for the Labour Force and Socio-

1980/81 Economic Survey 1980/81 is summarized,

Thailand
S. Proposed improvement of sample

i -Socio-Economic Survey, 1975/76 survey questionnaires

In addition to the information extracted from the The present form of sample survey questionnaires,
sample surveys, details about the services under study were when they include information on the possession of radio,
obtained from the particular government authorities television and telephone, makes it possible to investigate
responsible for the telephone, television and radio services, the kind of households (e.g, rural, urban or according to the

professional category of the head of the household, educa-
4. Sample survey questionnaires tionallevel) which possess such facilities,

Before discussing the analysis of the data that will However, it will not tell us anything about how these
provide the basis for determining the socio-economic para- facilities are used. For TV and radio, which are one-way
meters that will explain the penetration of telephone, televi- communication, it would be interesting to know at what
sion and radio services among the households of a country, times people are listening or viewing and, or course, what
we will look at some of the questionnaires used and the kind of programmes.
data they usually contain.

A separate survey on TV-viewing in Thailand has
The trend is now to have these questionnaires arrang- recently been published and will be dealt with later.

ed in a standardized way which will facilitate comparison P h th ' h ' h ' th t ' t t 'b t ' , th f er aps e servIce w 1C IS e mos meres mg,
e ween countnes m e uture. ." ,

from the usage pomt ofV1ew IS the telephone servIce.

As the term "~ample survey" indicates, these surveys It would be very simple to investigate this by includ-
are based on a restncted number of data sources. Usually ing information on the household's home telephone num-
the sample size of a given country will represent some 1-2 ber,
per cent of the total number of existing households.

The inclusion of the telephone number, as in fact was
The advantages of sample surveys, compared with done in the Singapore questionnaire (see Annex 1)

censuses in which all persons and households are contacted, (although only for the purpose of contacting the household
include: if necessary and not for the purpose with which we are

ECONOMY h b f b ' d concerned) will offer the possibility of adding specialized
: t e num er 0 cases to e examme d t b t t I h til . t '

d al d ' all a a a ou e ep one u lZa Ion.
an an yse IS sm ;

" The telephone number could be utilized in the fol-
ACCURACY: the qualIty of enumeratIon and super- lowing manner, while safeguarding the confidential nature

vision is higher than for censuses, for and treatment of the sample survey data base.
example; therefore, the data will be
more accurate; The government telecommunication authority would

, ., be provided with a list of all telephone numbers registered
ADAPTABILITY: ~any ,sub~ects of mterest to partIcular in the sample survey data base. The traffic statistics depart-

mvestIgatIons can be covered. ment of the telecommunication authority can then provide

In recent population censuses it has been the practice any statistical data refer~ing ~o these numbers that it wishes
to include, for a limited number of samples, additional to analyse. Such data mIght mclude:

requests for information, thus permitting the study of -Residential business or other telephone cate-
certain socio-economic factors as well. gory; ,

This is the case in the census recently undertaken in -Number of local calls and/or duration during a
Malaysia (1980). Although detailed data about income or selected period'
expenditure are not included, the income groups are '

estimated, as well as information on a household's posses- -Number of long-distance national calls and/or
sion of a telephone, television and radio, duration during a selected period;

Examples of sample survey questionnaires are an- -Number of international calls and/or duration
nexed to this paper. The relevant part of the questionnaire during a selected period;
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-Revenue collected from the telephone user for: This problem arose in all the countries studied,
rental, local calls, trunk calls, international except Singapore.
calls, other calls;

By interviewing the telephone and broadcasting
-'- etc. authorities of the country, the sample clusters (areas)

within the coverage areas of the service could be mapped
Such data ~ill then be introduced into a separate data for the period of the survey. However, these interviews

record (tape) WIth reference to the telephone number and could not provide absolutely clear answers since, for
merged with the sample survey data base. example, television/radio broadcasting coverage has no

It will now be possible to investigate the traffic/ strict limits, "The t.o,~ograph~ a~d the use of ~gh ga~
revenue/etc. distribution among households possessing a antennas can permIt r~cep~Io~ m areas otherwIse conSI-
telephone in relation to expenditure or income, per house- dered beyond the theoretlcalllffilts.

hold or the professional category of the head of the house- This problem was solved in what is probably the
hold, etc. easiest and most reliable way by testing the data base

material for those areas (municipal areas, villages, etc.)
6 R t f th I which gave a positive answer, i.e. indicating users of the

.earrangemen 0 e samp e survey ...
d t b service m questIon. All the other sample areas, WhICh
a a ase . d. d d. d dm Icate zero, were lSCar e .

The sample surveys are based on a selected number of Th It. d ta b 11 d 'f ~ t l'
he resu mg a ases, usua y 1 leren lor eac

households throughout the whole country and represent . th d l' th al ' f th . ...servIce, were en use lor e an YSIS 0 e servIce

statIstIcally all strata as closely as possIble. d .t. ill b 1 . d .l' 11 .
h tenSIles, as w e exp ame malo owmg c ap er,

If the investigations use the entire data base we can
be certain that the results are representative for the coun- 7. Mathematical model
try, its rural or urban areas, or any other stratification used.

The method of calculating the requirement for the
How detail.ed an mvestIgatIon. can be effected telephone, TV and radio services was developed after

depends on the SIZe of the samples available for each sub- numerous analyses of actual data from the four countries
ject studied. If the sample size is large we can go into such in uestion.
detail as the distribution of expenditure/income for a q

particular category (say, farmers working their own land). The main relationships used area: (a) the income (or
expenditure) distribution function of households; and (b)

When mvestIgatmg the penetratIon of radIo, teleVl- the density function of the services, related to income
sion and telephone services in a country, we must take into household (or expenditure/household).
consideration whether the service is available in all the
surveyed areas. This is usually not the case for most The characteristic function for these relationships
countries, and particularly for the telephone services, is illustrated in the Figure below.
where the rural areas especially are usually poorly provided
with telephone facilities. The same is often the case for The scale of the density functions is shown on the
television, although TV coverage is progressing faster than y-axes. This curve approaches 100 per cent density as
telephone coverage. The radio services, for obvious reasons, income/expenditure increases,

have progressed with the most speed often reaching 100 per Th sh d d . t . al d . t . b t . fi t ' e a e curve IS a ypIC IS n u Ion unc Ion

cent coverage. f . / d 't f h h Id .. tor mcome expen 1 ure 0 ouse 0 sma gIven coun ry-

It is obvious, therefore, that if data are included on or any stratum of households in a country, su~h as rural,
households from villages that are not connected to the urban, village, a professional group, etc. This function has
telephone network or within reach of television transrnis- an almost log-normal distribution function.

sions, all such sample households will record the absence of In h h . 1 t d f th al1 h TV Thi th t 11 t tial .t e mat ematIca s u y 0 e numerous actu

te ep one or .s means a a po en users m. ..
th .tt d f th d t In 1 , f data obtamed from the sample surveys mentIoned, It was

ose areas are omI e rom e a a group. c uslon 0 .
h d t Id th f .;ft t t 1 found that these functIons can be represented by a very

suc a a wou ere ore gIve an llicorrec, 00 ow, . 1 h . 1f .
fi f th . d . t. t .SImp e mat ematIca unctIon.
19ure or e regIon un er mves Iga Ion.

(a) Income/expenditure distribution
It is thus essential for the data material of the sample

survey to be rearranged so that it is representative for the These functions can easily be studied from the
purpose of the study. available sample survey documentations. It is usually
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Figure 1. Household expenditure distribution and (1 +exp(A)*xf 2

density of services 0
The function F (x) is rearranged in a linear expression

to allow a linear regression analysis to detem1ine the
unnecessary to rerun the data tapes unless other data t t A d B Thi 1. f t .. cons an s an .smear unc Ion IS:

sets for such strata have not been included in the printed

documentation (or are not available in governmental LN (IOO/F(x) -1) = A + B*LN(x)

statistical departments). * *
Income/expenditure data are presented in a histogram y = A + B* X

form according to selected income/expenditure groups.
Using the accumulated distribution of the percentage The characteristic fom1s of the functions F (x),
distribution the mathematical treatment can be clearly F' (x) and F' , (x) are shown in the figure below.

defmed at the upper limit of the income/expenditure 100

groups. F(x)

The following formula (for accumulated distribution
has demonstrated that it represents the actual data in 50
almost all cases studied at a regression correlation R) 99 per
cent.

F (x) = 100/(1 +exp(A)*x B) 0 .

As this function represents the accumulated distribu-
tion, the income/expenditure distribution is obtained by
taking the first derivation of this function,

F' (x) = =-_!qo_*~-*:~~~)~x!--!-
(1 + exp(A)*xB) 2 0

This function has a fom1 which is close to the log-
normal distribution. In the investigations made so far, 0
it has been shown to represent the actual data better
than the 10g-nom1al function. As a mathematical expres-
sion it is easy to use and in view of the excellent correla-
tion values obtained, it appears satisfactory.

The characteristic values of the mode, median and 0 10,000
mean of the function can be calculated from this function. Income per Household, Rs/month x

The mode and median are exact expressions, whereas the Figure 2.
mean has to be obtained through an integration (e.g using
the Simpson-fom1ula). All these calculations can easily (b) Service density functions
be programmed and perfom1ed on a mini-computer.

A density function of a similar mathematical expres-
The following expressions represent the above- sion to that used for the accumulated income (expenditure)

mentioned characteristic data. distribution has shown good correlation to actual data.
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We call this density function D (x): where

D (x) = 100 U (x) is the percentage demand in that year and

(SERV)
(-l-;;~- (-A)-:~B-- for the household group, or region, etc.

p ) concerned;

where D (x) is the density in per cent of the house- F' ( ) . th . ( d.t ) d. t .b t.h ld t th . I I ( ) .X IS e mcome or expen 1 ure IS n u Ion
0 sa e mcome eve x possessmg f t.(using) the service (SERV) indicated. unc Ion;

. th . ( d. ) D (x) is the density function for the service con-
x IS e mcome or expen 1ture per dcerne .

month per household.
As examples some of the density curves calculated

The constants A and B are determined from a regres- .for Thailand and Sri Lanka are shown:
sion analysis as for the accumulated household's income
functions. Thailand:

In surveys where the sample size is sufficiently large 1. Bangkok (City Core) showing the density
other socia-economic parameters may be studied, such as functions for radio, TV and telephone. (fig. 3)

(a) Density functions for various professional 2. Provinces of Thailand, for the sanitary districts
categories of the head of household, taken separately for and villages, which can be considered as mainly
urban, rural or other sectors of the country; rural areas. (fig. 4)

(b) Density functions for various educational Sri Lanka:
levels, age, etc (of the head of the household), taken
separately for urban, rural or other sectors. 1. Urban areas of Sri Lanka, showing the density

functions for radio, TV and telephone. (fig. 5).
8. Potential requirement for services .' .

All these density funcnons--show the characterIstic pattern
Knowing the density functions of the services relative i.e. the radio penetration higher than both TV and tele-

to the income (or expenditure) of households, the existing phone and TV ahead of telephone.

demand of the service can be calculated. From the two figures for Thailand it can be seen that
This will result in an estimate of the number of radio penetration is almost identical in rural areas and in

households in the country, by sector, etc., that would have the capital. It may be said that radio services are fully in-
acquired the service, had it been available. This is, of tegrated throughout the whole country, the result of the
course, a value that is related to the year of the survey, low cost of radi9 receivers, the absence of licence fees, the
since the income/expenditure distributions change with fact that the transistor receivers used are battery driven
time. The distribution curve "moves" in time towards and thus independent of electricity supply, and broadcast-
higher income/expenditure values due, inter alia, to the ing coverage being almost 100 per cent. These favourable
effects of inflation. conditions for radio usage are not yet present for TV

and telep-hone services.
With regard to the telephone service, it must be

remembered that the sample surveys concern only house- The higher costs for using these services thus result in
hold premises and therefore mainly represent the residential density curves that are lower than the radio curve. TV
category. The business/official telephone user category is penetration is progressing faster than telephone penetra-
an important additional requirement to be investigated. In tion, as the cost of TV receivers is rapidly decreasing. The
the "telephone-developed" world, the proportion of such availability of battery-driven sets allows areas not yet
business/official users represents some 30 per cent of the provided with electricity to make use of TV service. The
whole, whereas for the less developed countries (in telepho- coverage of TV broadcasting is also spreading rapidly to
ny) it may represent 70.90 per cent of the total. This will more and more of the country.

be dealt with further in a following chapter. Telephone services are still hampered by the often
The mathematical calculation of the actual demand, excessively high entrance costs -installation charges -

called U (x), is: ~ which mean that only the wealthier families can afford
.r: the service. Rural areas are still at a particular disadvan-

U (x) =) F' (x)*D (x) dx tage, since the use of telephones is far lower than in urban
0 J areas.
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see TI:!AIL"HD-QE~.I.TY 0," ftVIC~' The annexed figures 7 to 10 show the results from
,e ..Singapore, where it can be seen that the professional

, ee :: category and the educational level has an effect on the
78 .
6"8 : :. density curves for telephone use, although the TV profes-

Y ~e : :- ~ sional category or education category seems to be of no
~ 48 :.--:-T";H : : a

ppreciable imPortance..3e 2e :

s e ...:::. A detailed investigation on the expenditure per
8 " '.'1 ,.,1, ,1 1-,---,1 ,1,,-..,,--,1

8seee 2e8e 3eee 4eee ~eee 6"eee 7e8e eeee household distribution and the service'density has been
E)(P...HH I H 8AH:r made for Thailand. In FIG:s 11 to 14 two examples are

Figure 3. THAILAND-Bangkok-(MA) given,. for specific professional c~tegories. The resulting
funcnons for Bangkok metropolIs and the provinces are
shown.

see T~AIL"HD-~EH.I.TY 0," .~~VIC~9
,e It can be seen that the expenditure distribution
~: : : (income distribution) for the same professional category

~ 6" e is lower in the provinces than in the capital, and con-

i :: sequently the telephone penetration will be lower.
Y 3e ,
JC 2e : : TPH Finally a comparison is made between Bangkok and

se
8 , j j j i Singapore at the same expenditure currency, Singapore

.&ee.2.e.e3eee..eee~ee060ee7ee08e0. dollars. The almost perfect overlap of the density curves
E)(P...HH IH BAHT

for telephone and TV are remarkable (See figure 17). The
Figure 4. THAILAND-Sanit.Distr.& Villages (SDV) fact that the expenditure distribution in Singapore is at

a higher level gives the resulting higher telephone penetra-
% tion. This interesting result, however, indicates that

100 F NC. Bangkok will follow the same density trend as Singapore,
90 and at the same rate as the Bangkok expenditure distribu-
80 tion "moves" to higher values, the demand for telephone
70 60 services will follow.

50 40 9. Usage of the services

30 20 From the sample surveys usually made in the coun-

1 : tries there is no possibility of extracting information on

0 2000 4000 6000 8000 10000 how much, or at what times, households use their tele-
RS t'10NTH 8. HH phones, listen to the radio or watch TV programmes.

Figure 5. SRI LANKA-Urban Areas A .bl f ... h... ul fpOSSI e way 0 mvesngatmg tIS, m partIc ar or

With the above method of calculating the density the telephone service, has bee~ ~entioned. above ~ cha~ter
and the user requirement, the potential requirement of 5: At. least ~ne .of the c.ountnes I~volved m these mvesnga-
services can be calculated for any area whether urban or nons IS consIderIng the mtroducnon of the procedure out-
rural, or for specific groups of househoids, such as farmers lined in chapter 5 for the next ~mpl~ survey whic? -:vill be
in a certain region of the country. undertaken. It may thus be possIble m a few years tIme to \

investigate the usage of the telephone in the same detail as
Knowing the trend of changes in the income (or we are now able to indicate the possession of the telephone.

expenditure) distribution, which can be estimated when
two or more sample survey results are known, a forecast An interesting study on TV and radio usage has
of future requir~ments can be evaluated for any strata of recently been undertaken by the National Statistics Office
the country or user group. of the Prime Minister's Office in Thailand, entitled "Radio

and television survey 1979"
The penetration of services is closely related to the

income (or expenditure) of the household. In addition to The time functions for usage, i.e. listening and view-
this relationship the investigation shows how the profes- ing frequencies, have been recorded and the graphical
sional category or educational level of the head of the presentation of these results are given in figures 15 and 16
household influences the use of the services. below.
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It is interesting to see that radio listening is identical Available data show how the percentage of residential

for working days and weekends, whereas for TV there is a users (of total main line users) has grown from 6.5 per cent

clear distinction. in 1952 to about 70 per cent today. The trend seems to, approach a stationary situation where the business users

The time function for telephone traffic is not shown will represent 30 per cent. The same trend has been

here, as it is very wellknown. noticed in several other countries, including Malaysia,

which will also shortly reach the situation of 30/70 per cent

distribution.
10. Business telephone users

When planning telephone service development the
.As was mentIoned m the be~nmg, the busmess (and forecasting of users will therefore have to be made for both

official) telephone user catego~y 1S not covered by th~ the residential and the business categorie's, as well as any

sample surveys, except for part1cular cases when the buS1- other category that may be necessary.

ness user has his telephone at home.

The proportion of such users is usually very high in 11. Conclusion

the early period of telephone introduction in a country, as
can be seen from figure 6 below, representing the case of .The re~ults presented. in this paper refer to a research

J project that 1S not yet termmated.
apan.

JAF'AJ\J For this reason they are not conclusive although the

100 RESI.OEHJ:i.~L..:r:P.H...% present results clearly indicate a method of making more

90 "." ' "'.' " '...' " detailedf0recasts.

80 The method is dependent on the availability of suit-

70 able sample surveys which were very rare in the past and

:; 60 thus made such an approach impractical. Today the

50 .. d . f .
d40 .extens1ve mtro uctIon 0 surveys m more an more coun-

30 .tries gives us the tools needed to make much more detailed

20 .investigations.

10 .A subject that has not been discussed in this paper is

0 .foof'.H...I...I..foofoof..f..I...I...I..foof..f..I.--I...I..'I..f..+--+..I...I'..I..f..f..f..f. the influence of tariffs on the density functions, etc. This
52545658606264666870727476788082 is being investigated, using data from several sample surveys

'(EAR in the same country in different years. In the forthcoming

Figure 6. overall report on this research project this aspect will be

D.N"TY covered in as much detail as is allowed by existing data.
OM,

100 This is a most important subject since the present

~ high charges in many countries, particularly for the instaUa-

10 tion (connection) charges, virtually prohibit lower income

70 families from making use of the telephone services. If this

public utility is really to reach into aU parts of a country,
10 and particularly to the rural areas -which for the Asia and

00 Pacific region represent 70 per cent of the population today

40 and even by the year 2000 will .represent 60 per cent of its

10 population -drastic changes in tariff policies will have to

be made.
10

10 In order to pave the way for such tariff changes, we

0 need fuller knowledge of the effect of a larger penetration
0 § ~ § § ~ ~ ~ B ~ of telephone services to rural households and to low-income

households in general. For this reason a better knowled ge.ONTNLY .'P.NDITU.E 'E. N"
IN .t of the use and usage of the services is essential to provide

.!:..E~~ -'ECDNDA.Y the policy-making authorities with the necessary socio-
-NO EDUCATION -TE.TIA.' economic conclusions.
-.AIMA.Y " " "Ou,. _0

Figure 7. SINGAPORE-Telephone-Educ. Level. ANNEXES: 1 & 2 Sample Survey Questionnaires.
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ANNEX No.1

CONFIDENTIAL DEPARTMENT OF STATISTICS
HOUSEHOLD EXPENDITURE SURVEY 1977/1978

B CONSUMER DURABLES AND TRAVEL EXPENDITURE SCHEDULE

Month/Year Ref. No.

I Availability of Selected Consumer Durable.

1 Refrigerator 0 5 Air-conditioner 0

2 TeleviSion, colour 0- 6 Washing Machine D

3 Television, black/white 0 7 Car/Station Wagon 0

4 Telephone No. D 8 Motor Cycle/Scooter 0.
II Durable Good. Purch d During Past 12 Months

Mode of Cash
Purchase Quantity Price ($)

Furnishings:

Curtain Material

Carpet/Rug
Other (to specify)

Furniture:

lounge Set

Bedroom Set

Kitchen Cabinet

Other (to specify)

Vehicle:

Car/Station Wagon -

Motor Cycle/Scooter

Bicycle

Household Durables:

If bought on hire purchase, specify the following:

Down Monthly No. of
Item Payment ($) Instabnent ($) Instabnents

.

III Vacatmn-Travel During Past 12 Months

Amount ($) No. of Country
PerKIns Visited

Pac1oage Tour:

Non-Package Tour:

Accomodation

Food

Travel Fares

Purchase of Gifts/Souvenirs

Other Expenditure (to specify)
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SRI LANKA: QUESTIONNAIRE for the HOUSEHOLD -Labour force characteristics
SAMPLE SURVEY 80/01

Q. LFSE-3 LAND OWNERSHIP AND AVERAGE
Summarized information on the contents of the ques- MONTHLY INCOME OF HOUSEHOLD (in
tionnaires used: rupees)

Introduction -Identification information

The survey was undertaken in four rounds with -Land owned by any member of the household
2,000 or 3,000 sampled households per round. Totally M . fh h Id bb 10000h h Id I d -oney mcome 0 ouse 0 mem ers
a out, ouse 0 s were samp e .

Non-monetary income of household
For the recording of mformatlon fire questIon-

naires were used. Two of these questionnaires. LFSE 4 Q. LFSE-4 DAILY CONSUMPTION EXPENDITURE
and 5 were, however, were used only in the last two rounds,
and for this reason the information collected from these -Identification information .
only refer to about 5,000 households is from these ques- D .1 t. d... h th . I .S'. I h -al y consump Ion expen lture
tIonnalres t at e partIcu ar mJormatlon on te ep one,
TV and radio usage are taken. In our investigations for (Detailed information on items)
Sri Lanka the sample size is therefore about 5,000.

Q. LFSE-5 HOUSING AND ACCESS TO AMENI-
A brief introduction of the kind of data collected TIES (Complete for each household)

by the various questionnaires is given below:
-Identification information

Q. LFSE-l PERSONAL CHARACTERISTICS
-Housing characteristics

-Identification Information
1. Type of unit

The following identification data were recorded: 2. Tenure of accommodation
3. No of rooms occupied by household for living

I. Name of head of household purposes
2. Address 4. Approximate floor area used for living pur-
3. District poses
4. Electorate
5. A.G.A. division -Amenities
6. Name ofM.C./U.C./T.C. (*), (If Urban Sector);

Ward No. I. Source of water
7. G.S. division 2. Toilet facilities
8. Name of village (If rural sector) 3. Main source of energy cooking'

9. Name of estate (If estate sector) -FOR THOSE RENTING ACCOMMODATION
10. Census block number
11. Sample reference number 1. Date of occupation of house

2. Advance paid
-Personal characteristics 3. Key money paid

.4. Rent paid per month
1. Name of members, lOcI. servants
2 R 1 t. sh. t h d fh h Id 5. Rates annually/quarterly/monthly

.e a Ion IP 0 ea 0 ouse 0
3. Sex -HOW FAR IS THE NEAREST (in 10th of
4. Age mile):
5. Race
6. Marital status 1. Primary school
7. Level of education 2. Secondary school
8. Professional or technical training 3. Market
9. Literacy 4. Hospital

5. A.G.A. office
Q. LFSE-2 LABOUR FORCE CHARACTERISTICS 6. Post office

(For persons over 10 years of age) 7. Police station

-Identification information -HOUSEHOLD EQUIPMENT
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1. Cooker 1. Car
2. Refrigerator 2. Scooter/motor bicycle
3. Sewing machine 3. Ordinary bicycle
4. Radio receiver 5. Television *) M.C. = Municipal council

6. Telephone U.C. = Urban council
-OWNERSHIP OF MEANS OF COMMUNICA- T .C. = Town council

TION srl.q.lfse.5
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VIII. GUIDELINES FOR INTERCOUNTRY HARMONIZATION FOR:
(8) MEASUREMENT OF ECONOMIC IMPACTS OF TOURISM

BY INPUT-QUTPUT ANALYSIS; AND
(b) APPLICATION OF INPUT-QUTPUT ANALYSIS ON TOUR-

ISM POLICY FORMULATION*

Introduction mission endorsed the recommendations of the Intergovern-
mental Meeting at its thirty-ninth session in April 1983.

1. International tourism in Asia and the Pacific has
grown rapidly in the 1970s and early 1980s surpassing the
growth rates 4n other regions of the world. The under-
standing of the economic impact of tourism and its reflec-
tion in relevant economic policy, however, has lagged
behind growth in the industry. Tourism planning has often
been myopic, emphasizing growth in visitor arrivals without
much consideration of the costs or the impacts it has on the
general economic environment. Travel receipts do not re-
present the gains from tourism as there are costs incurred
through import leakages, multinational involvement and
capital recruitments.

5. The Workshop on Economic Impact Analysis for
Tourism Policy Orientation, Bangkok, 22-26 August 1983
was organized upon a specific request of the Intergovern-
mental Meeting that ESCAP should organize a technical
forum in order to ensure application of the research frame-
work elaborated.

6. The Workshop was attended by input-output analysts
and policy-makers of the region, and it developed practical
guidelines for intercountry harmonization of (a) the mea-
surement of the economic impacts of tourism by input-
output analysis, and (b) the application of input-output
analysis on tourism policy formulation. The two sets of
guidelines developed by the Workshop are set out in chapters
I and II of this document. In using these sets of guidelines,
reference should be made to the annex to this document,
"Problems in the application of tourism impact studies".

2. In view of the above, the Commission, at its thirty-
eighth session, requested the secretariat to lay added
emphasis, among other things, on an analysis of the far-
reaching economic implications of tourism so as to achieve
a greater contribution from the tourism sector on national
economies through practical and policy-oriented guidelines.

7. 

The Committee may wish to endorse the secretariat's
plan to provide technical assistance to member countries in
the application of the two sets of guidelines in order to
facilitate tourism policy orientation based on quantitative
economic impact analysis in such a way that an adequate
intercountry cross-fertilization is allowed.

3. In May 1982, the secretariat initiated a long-term
project, ..Assistance to developing countries in tourism
development through policy-oriented research", under
which a particular emphasis was given to a quantitative
economic impact analysis of tourism policy formulation.
Several studies on the issue were carried out by the end of
1982, which were submitted to the Intergovernmental
Meeting on Tourism Development, Tokyo, 22-28 March
1983.

I. GUIDELINES FOR INTERCOUNTRY HAR-
MONIZA nON FOR MEASUREMENT OF

E~ONOMIC IMPACTS OF TOURISM
BY INPUT-OUTPUT ANALYSIS4. The Intergovernmental Meeting felt that, although

at some stage of tourism policy formulation socio-culturalj
environmental considerations had to be integrated with
economic considerations, the economic impact had initially
to be fully analysed prior to the integration with other
impacts into an evaluative scheme. While reviewing tourism's
performance and highlighting methodologies for an analysis
of the economic impact of tourism, the Meeting defined
the research framework with the ultimate purpose of arriving
at optimum strategies for the promotion of tourism. In
particular, the Meeting considered that input-output
analysis was most suitable as an analytical tool by which to
develop a consensus for relevant policy issues and also to
establish intercountry comparability when adopted under a
co-operative regional research programme. The Com-

A. Defmition of a tourist

8. The United Nations Conference on International
Travel and Tourism in Rome in 1963 defined a visitor as
any person visiting a country other than that in which he
has his usual place of residence for any reason other than
following an occupation remunerated from within the
country visited. This definition covers two classes of
visitors, "tourists" and "excursionists", which are defined
as follows:

Note by the secretariat
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(a) Tourists are temporary visitors staying at least by air, sea and land using local or foreign carriers should be

24 hours in the country visited and the purpose of whose differentiated. For income analysis, only earnings from the

journey can be classified under one of the following heads: national carriers within the country are relevant. For

impact analysis, taxes paid for the use of airport facilities,

(1) Le~s~re (recreatIon, holiday, health, study, railway stations, bus stations etc. for all visitors should

reltgl0n and sport); be included. These expenditure items should be classified

(ii) Business, family, mission, meeting; according to input-output classification.

(b) Excursionists are temporary visitors staying less C. Methodologies

than 24 hours in the country visited (including travellers on ...
cruises but excluding travellers in transit). 10. The standard Input-output technIque IS recommended

for measuring the economic impact of international tourism

In the application of input-output analysis to measure expenditures because the ~ethod is simple ~nd strai~t-

the economic im p act of tourism the above defi . t .forward, and the data requIred for the analysIs are readily
, illll0ns il bl . h .. f h .. h .

should be followed in order to ensure intercountry con- ava a e ill t e maJonty 0 t e countnes ill t e region.

formity. 11. Where sufficient additional data are available the

expanded model is recommended to measure the economic

B. DeImition of tourism sectors impact of tourism on:

9. All industries which provide goods and services to (a) Balance of payments;

tourists should be regarded as ~ourist industries. even though (b) Gross domestic product (including income

they cater to both local resIdents and tounsts. In the distribution among sectors and regions).
analysis, one has to identify the components which are '

directly related to tourism. This information can be (c) Employment;

obtained to a large extent from a tourist expenditure c;
survey, supplemented by data from other sources. In the (d) Government budget;

context of intercountry harmonization, further efforts are (e) Stabilization policies.
needed to standardize the tourist expenditure survey ,

design. However, this may still fail to take into account (i) Investment;

pre-trip expenditure. This shortcoming can largely be (ii) Tax policies.

overcome by surveys on travel agencies. In the input-

output tables, the sectors which should be regarded as 12. 1he following conceptual framework for the ex-

tourism sectors are as follows: panded model is recommended as being most practical:

(a) Hotels and supplementary accommodations; 1. X = A.X + C + G + IP of IG + J + E -M

(b) Restaurants; 2. C = fl(GDP-tYWL-tCp,ZI)

(c) Entertainment and attractions, but since the 3. G = F2 (GR, Z2)

use of parks, museums etc. that are free of charge could not
be quantified in monetary terms, they should be excluded 4. IP = f3 (GDP, K-l' Z3)

from input-output tables; 5. IG = iG

(d) Shopping. For the sake of standardization, 6 J = f (GDP Z )

shopping items should be classified according to input- .4' 3

output classification. The sources of these items, whether 7. E = EM -ET

they are locally produced or imported, should be identified.
Mark-up margins should be estimated and allocated to the 8. M = f5 (X, F)

wholesale and retail trades sector of the input-output 9. F = C + 1+ G + J

table;

10 GR = tSX + tYWL + tCp(e) Domestic transport service. Local tour services .

arranged by the travel agencies should be included in the 11. L = f6 (X, K, Z5)

domestic transport sector since the main component of the
expenditure for such services is the transport cost; 12. V.U = GDP

(f) International transport service. Tourist arrivals 13. V = f7 (x, Z4)
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where: sample surveys of selected industries experiencing rapid
technological changes.X = Gross output vector (n xl)

A = Technical coefficients matrix (n x n) D. Data collection

C = Private expenditure vector (n xl) 16. For classification of tourists for tourism marketing

G G t d. t t ( 1) purposes, countries of residence would be most relevant,= overnmen expen 1 ure vec or n x whereas for mcome analys1s, nat10nallty of tounsts would

IP = Private fIXed-capital formation (n x 1) be appropriate 'because expenditure patterns are more
typical of the nationalities.

IG = Government fIXed-capital formation (n xl)
17. Total receipts from tourism could be obtained from

J = Change in stock (n xl) monetary institutions while tourist expenditure surveys
would provide the breakdowns of expenditure patterns.

E = Export vector (n xl) Each set of data should be cross-checked against the other

M = Import vector (n x 1) for consistency.

GDP G d . d (1 1) 18. Limitations in the tourist expenditure survey such as
= ross omestlc pro uct x

non-response, recall problems and non-recorded consump-
t Y = Direct tax ratio on compensation of employees tion should be overcome as far as possible through appro-

(1 x n) priate research designs and by improving interview techni-
ques. Details of pre-trip expenditure should be estimated

WL = Compensation of employees (n xl) by surveying travel agencies. Large-sample surveys should be

..c ... ( ) conducted every five years and small-sample surveys shouldI = Direct tax ratio on corporate mcome 1 x n becond cted t.. b .u on a con mumg aS1S.
P = Gross corporate income (n xl) 19. The results derived from the tourist expenditure

F T tal d t . fi al d d t ( 1) survey should be checked against the data from the supply= 0 omes 1C m eman vec or n x .
d f hS1 e 0 t e economy.

GR = Government revenue (1 xl) 20. Computation of input-output technical coefficients

L = Labour employed (n xl) should preferably be based on complementary imports
and producers' prices.

V = Value-added vector (n xl) .
21. In a complementary lInports table, commodities are

U = (1,1 .1): Unit vector(n x 1) divided into two categories, domestically supplied and
-imported. If this distinction is not made the analysis will
EM = Merchandise export (n xl) work as if all commodities are obtained from domestic

E-T T .' d. ( 1) production and therefore the impact on domestic output= ounsts expen 1ture n x .
and employment will be shown to be larger than 1t actually

ill = Government fIXed capital formation (n xl) is, whereas the impact on foreign exchange will appear to
be smaller than it really is.

K = Stock of capital (n xl)
22. The main advantages of producers' values compared

ZI. ..Z6 = Exogeneous or predetermined variables with purchasers' values are as follows:

13. Except for the countries with substantial experience (a) A computation system based on producers'
in input-output and other sophicated economic analysis, values will give the uniformity of valuation which is most
the dynamic model is not practical and data limitation important in input-output analysis in ensuring that the
exists in particular in the capital stock matrix. purchase of one unit of a particular commodity, regardless

of purchasers' prices, is shown to generate the same amount
14. For the non-linear model, the substitution of an LP of demand.,
model is recommended for an approximation on a practical
basis. (b) The coefficients computed on the basis of

producers' prices tend to be more stable due to the fact
1 s. To capture changes in technical coefficients, several that the marketing cost which is included in purchasers'
methodologies have already been developed such as RAS, prices may vary depending on the distribution efficiency
La Grangian and a combination of the two. Estimation of the sector's output and cause variations in the recorded
results by these methodologies should be supplemented by value of total output even if actual production is unchanged.
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Significance of Tourism in Australia, Research Report 4,
Canberra, 1979 (AGPS);

E. Computational process23. 

A main-frame computer would be necessary for the
construction of and impact analysis of input-output tables.
Packages such as statistical packages and simulation packages
could be used for this purpose. For a country where such
computer facilities are not available, ESCAP could explore
the possibility of providing the requisite facilities.

(e) Asian Institute of Tourism, The Impact of
International Tourism on the Philippine Economy (with
support from IDRC (Canada));

(f) Twatchai Yongkittikul, Tourism and Economic
Development of Thailand, National Institute of Develop-
ment and Administration.

F. 

Reference to case studies

25. A paper, "Measurement impact of international
tourism based on the expanded model: The comparative
case studies for Malaysia, Singapore and Thailand", is
available from the ESCAP secretariat.

24. Analyses based on a standard input-output model are
available for several countries in this region, namely:

(a) Byng-Nak Song and Choon-Young Ahn, TheEconomic 
Impact of Tourism: The Korean Case (August

1981) (supported by IDRC (Canada));

26. 

In countries where input-output tables are not yet
available or the Government has no intention of constructing
the tables, an econometric model could be built to study
the impact of tourism on the economy. The case study,
The Economic Impact of Tourism in Hong Kong, by T .B.
Lin and Y.M. Sung, with support from IDRC (Canada),
provides some guidance as to how such a model could be
constructed.

(b) Department of Statistics, Singapore,
Impact of Tourism on the Singapore Economy,.

The

(c) Greg F.H. Seow, Economic Significance of
Tourism in Singapore;

(d) Bureau of Industry Economics, Economic

II. 

GUIDELINES FOR INTERCOUNTRY HARMONIZATION OF THE APPLICATION OF
INPUT-OUTPUT ANALYSIS ON TOURISM POLICY FORMULATION

27. 

Most developing countries have embarked upon~ourism 
development programmes to find solutions to theireconomic 

problems relating to balance of payments,
unemployment, unbalanced regional development and low
standards of living. In addition, tourism has also beenperceived 

as a means by which international understanding,
peace and goodwill can be promoted. In most of these
countries, however, large-scale development programmes
have been initiated with little understanding of the total
economic impact of tourism. Government awareness ofthe 

economic implications of tourism has been confined
largely to such areas as total visitor arrivals, gross foreign
exchange earnings and their contribution to the balance of
payments, direct employment and regional dispersal of
development. Accordingly, government efforts have been
directed to the collection of basic statistics relating to these
areas.

reveal the interrelationships of the tourism sector with
all the production sectors of the economy but also as-
sesses indirect and induced effects. Such an analysis
provides reliable and comprehensive information, thereby
enablign Governments to formulate programmes and
policies on tourism with better understanding of their
implications.

A. 

Experiences in the ESCAP region

30. 

In recent years, some developing countries and
areas of the ESCAP region have taken the initiative to
institute in-depth studies with a view to gaining a deeper
under.standing of the economic implications of tourism
in their economies. These include Hong Kong, Nepal,
the Philippines, the Republic of Rorea, Singapore and SriLanka. 

In some cases, these attempts have been supported
by international research institutes while others have been
sponsored by governmental and private sector agencies.

28. 

There are several methods and yardsticks for eval-uating 
the economic impact of tourism. These can begrouped 

into three major areas: (a) cost-benefit analysis;
(b) economic models, and (c) input-output analysis.

31. 

Different methodologies have been employed but the
most common technique appears to be input-outputanalysis. 

Using it, attempts have been made to assess not
only the direct impact but also the indirect effects of thetourism 

sector on the economy through an analysis ofthe 
inter-industrial relationships. These have helped to

29. 

Input-output analysis provides a consistent and
systematic technique of evaluating the total impact oftourism 

on the entire economy. It not only helps to

61



relocating people as so often occurs in populated areas
designated for tourism development.

throw greater light on the working of the tourism sector,
from which important policy implications could be derived.

37. 

Fourthly, input-output analysis does not permit the
measurement of the externalities created by the tourism
sector. For instance, the benefits to the other sectors of
the economy arising from operation of an infrastructure
built primarily for the tourism sector are not quantifiable
and, therefore, the full impact of tourism cannot be assessed
for policy determination.

32. 

The main problem of input-output analysis in most
of the developing countries appears to be the absence of a
comprehensive data base permitting the construction of a
detailed input-output table covering the entire economy.
Although some countries have made preliminary attempts
to compile such tables, these have not been updated re-
gularly with the result that the technique remains unutilized
for studying the economic implications of tourism.

C. Policy implications

1. Assessing the relative importance of the tourist sector

38. Guidelines for policy formulation can be considered
with reference to the following areas of impact brought out
by the input-output technique:

B. Advantages and limitations of the input-output
technique

33. The advantages of input-output analysis in com-
parison with other techniques can be summarized as follows:

(a) It reveals the interrelationships of the tourism
sector with the other sectors in the economy; (a) Balance of payments;

(b) It provides a statistically consistent and sys-
tematic approach to understanding the economic impact
of tourism on the whole economy. Despite the many
limitations of the assumptions adopted in such analysis, it
provides a technique for identifying and examining the
total effects of tourism. The technique allows the tracing
of not only the indirect economic effects of tourist ex-
penditure but also the induced effects as tourist expenditure
filters down to various sectors of the economy;

(b) Gross domestic product;

(c) Employment creation;

(d) Government budget;

(e)

Investment.

(a) Balance ofpayment

39. The impact of tourism on the balance of payments
can be demonstrated in the following ways:(c) It enables the determination of the relative size

of the tourism sector in the overall economy;

(d) It enables a comparison of the performance of
the tourism industry in relation with the other sectors of the
economy, particularly in the areas of foreign exchange
earnings, income generation, and employment creation.

(a) The relative importance of tourism as a foreign

exchange earner;

(b) The net foreign exchange earnings from tourism
after allowing for imports to service the tourist sector's

requirements;
34. However, the input-output tech~ique of measuring
the economic impact of tourism is not. without its limita-
tions. First, if the input-output table is not comprehensive
enough and a detailed sectoral breakdown is not available,
it could inhibit the estimation of various parameters which
could be used as yardsticks for establishing the relative
merits and demerits of tourism for policy formulation.

(c) The burden on the balance of payments as a
result of high induced import demand.

40. If the tourism sector makes a positive net contribu-
tion to the balance of payments, that is, the sum of direct,
indirect and induced effects of tourist expenditures im-
proves the balance of payments, then countries experiencing
growing deficits in their balance of payments could in-
tensify tourism promotion as a means towards building a

stronger economy.

35. Secondly, if there are large variations taking place in
the economy in production techniques leading to instability
in the technical coefficients, then this technique cannot
produce reliable indications unless the tables are updated
at regular intervals.

(b) Gross domestic product (GDP)

41. 

The input-output technique could be used to measure
the contribution of tourism to GDP (value added) and in-
come generation in the following areas:

36. 

Thirdly, certain costs which are not input costs to
production but are of vital importance in a rational as-
sessment of the industry's position cannot be ascertained
through input-output analysis. Such costs include, for
example, capital investment and the costs incurred in

(a) Value added in the tourism sector and its share
in total GDP;
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capital but also with regard to energy, skills etc. which are
of concern in the context of recent global developments.
This information would allow the ranking of the tourism
sector in relation to other sectors in terms of capital- and
labour-intensities. Such a comparison would permit an
assessment from the supply side of the appropriateness of
tourism development in terms of the country's factor
endowments.

(b) The value added in other sectors of the economy
as a result of the backward linkage effects;

(c) The income multiplier arising from induced
value added as a result of subsequent rounds of spending.

42. If a country chooses economic growth as its major
development objective, then the the expansion of the
tourism sector would be a primary means should the input-
output analysis reveal a high ranking of the tourism-sector
vis-a-vis other sectors in terms of total (direct, indirect and
induced) contribution to GDP.

46. The estimation of the tourism sector's backward and
forward linkages with the other sectors of the economy can
be made only by the use of the input-output technique.
Such linkage analysis helps to assess the input requirements
of the tourism industry from the other sectors and the
capacity of these sectors to service those requirements.
This would enable the institution of appropriate policy
actions for overcoming the supply constraints to growth
and for identifying import substitution possibilities.

(c) Employment

43. 

The tourism sector's impact on employment is
brought out in the following ways:

(a) Direct employment in the tourism sector proper;

(b) Indirect employment in the sectors supplyinginputs 
to the tourism sector;

3. 

Minimizing leakages

(c) Induced effect on employment as a result of
subsequent rounds of spending;

47. Total leakages covering both imports (direct and
indirect purchases) and other forms of foreign exchange
outflow (compensation to expatriates, profits repatriation,
amortization of foreign loans) debited to tourism could be
assessed. This could form the basis for the subsequent
institution of policy actions directed at maximizing the
foreign exchange contribution of tourism. These measures
include import substitution, encouragement of local invest-
ment, the provision of incentives for reinvestment of profits
by foreign investors and others.

(d) Total effect on employment, which is reflected
in the employment multiplier. A high employment mul-
tiplier of the tourism sector would indicate that countries
facing high levels of unemployment could opt for tourism
promotion as a possible effective means of absorbing the
excess manpower.

(d) Government budget

44. The input-output technique allows for the measure-
ment of the incremental revenue earned by the Govern-
ment from tourism. This refers to taxes accruing to the
Government as a result of an increase in the demand for
goods and services of other sectors arising from higher
tourism expenditures. At the same time, expenditures
incurred by the Government to sustain the total final
demand of tourism can be derived, giving a clearer indica-
tion of the net budget outlay for the industry. Hence, the
net impact of tourism promotion on the government
budget could be used as a criterion for resource allocation.
This criterion is of particular importance for countries
trying to constrain a large and growing budget deficit. The
total effects of such investment ascertained through input-
output analysis, however, help to establish the relative im-
portance of the tourism and other sectors in the over all
investment plan of the country.

4. Assessing development strategies

48. Related to the evaluation of sectoral efficiencies for
selecting priority sectors for development, the inter-
industrial relationships derived from the input-output
analysis could be used in the simulation of different growth
strategies, for example, merchandise-export-led versus
tourism promotion. The findings could help in the adop-
tion of appropriate strategies to achieve the country's devel-

opment goals.

S. Increasing sectoral interdependence

49. An intercountry comparison of the pattern and
degree of linkages between tourism and other sectors in
the economy could provide indications on the type of
policy actions to be undertaken for developing backward
linkages and for greater diffusion of the benefits of tourism.
For instance, the inter-industrial relationships of a country
with a large tourist sector and a successful tourism promo-
tion programme could form a case study of the inter-
dependence of economic activities. Countries embarking
on a tourism development programme could view such
sectoral interdependence as potential sectoral linkages in

2. 

Identifying constraints to growth

45. The input-output technique can be used to quantify
the requirements of tourism not only with regard to tradi-
tional factors of production such as land, labour and
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their economies if the tourism development projects were
successfully implemented. Objective of analysis and Policy actions

indicators

6. Caveat on impact assessment (b) Labour products from other sectors

50. The assessment of the total economic impact of (c) Skills should be. deter~ined and
tourism should take into account the long gestation periods (d) Energy etc. then exam1.ned wIth re.spe~t
of tourism-related projects and therefore any analysis for to the available s~pph~~ m
policy implications should ideally incorporate the longer- t?e economy for 1dentn1ca-
term aspect of tourism impact on the economy, thereby non of shortages.

reflecting more fully the returns of tourism projects. 3 M " " "" I k t If t " P mot " n 1"s to.m1JD1zmg ea ages 0 OUf1sm ro 10

51. The following table presents some examples of policy increase the total effect be undertaken, identifica-
action following evaluation of sectoral performance through of the tourism sector tion of import leakages, for
input-output analysis. example, would help to

increase the total contribu-
tion of the tourism sector to
the economy in terms of the

Objective of analysis and Policy actions indicators in (1) above, and
indicators would indicate appropriate

policy action, for instance,
I" Assessing relative im- Promote tourism if the import substitution and in-

portance of sectors used tourism sector ranks high vestment incentives.
on the total (direct, among the input-output
indirect and induced) ef- sectors in terms of each of 4. Assessing development Simulations of different
fect or multiplier on these indicators, according strategies strategies to determine their
(a) Balance of payments to the development objec- respective total impact on
(b) GDP/income tives of the country, e.g., the economy could be
(c) Government budget improving balance of pay- undertaken through input-
(d) Employment ments, economic growth, output analysis and assess-
(e) Investment balanced budget, reduced ment of the strategies with

unemployment, increased respect to development ob-
investment. A composite jectives made for policy
indes could be computed to decision. Subsequently in-
meet multiple objectives. dustries in the selected

development strategy could
2. Identifying constraints to If the tourism sector is be chosen for priority treat-

growth based on the total chosen as the priority sector ment with respect to
requirements of the for development then its resource allocation, for
tourism sector of demands for various factor example.
(a) Capital inputs and intermediate
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In troduction usually based on the embarkation and disembarkation
cards required of incoming and outgoing travellers. Inter-
national conventions on the information included on these
cards and how to classify travellers have been adopted by
many countries, though some intercountry differences
remain. Reporting on the direction of tourist flows is also
possible since the disembarkation cards include infonna-
tion on each traveller's nationality and country of resi-
dence. International reporting on these movements shows
overall consistency between countries.

5. International data on the level of tourist expenditures
are more problematical. While IMF does make efforts to
standardize statistical reporting in travel accounts, it is the
underlying methodology of data collection by member
Governments which results in large discrepancies. There is
no simple way to collect expenditure data since they are
distributed throughout the economy and most enterprises
catering to tourist demand cannot separate domestic from
international receipts. Thus, a supply-side approach to
measuring income from tourism is virtually impossible.
Two approaches are commonly used by Governments.
Where foreign exchange is carefully controlled and a
"ticketing" system is employed, it is possible to keep a
record of foreign exchange transactions by tourists. How-
ever, this can at best only approximate the true level of
tourist expenditures. Often it is difficult to determine
from the exchange records the purpose of transaction. In
countries with tight foreign exchange regimes there is also
likely to be some black market trading in currencies which
bypass the ticketing system. Other methods of payment or
sources of foreign exchange may also be absent from
official statistics.

1. This annex highlights the problems and pitfalls which
researchers frequently encounter in applying the meth-
odologies for tourism impact studies. The points brought
out in the following discussion are not exhaustive. Any
project study will need a thorough review of the data
requirements and available sources relevant to the indivi-
dual project country or region in greater depth than is
outlined below. Nevertheless, in this annex the potential
methodological or statistical difficulties and major errors
often encountered in economic studies of tourism are
reviewed.

2. In chapter I are described the deficiencies in interna-
tional tourism data, in particular balance of payments data
on travel payments and credits. Discrepancies in interna-
tional data can ultimately be traced back to reporting
countries where often there are problems with survey meth-
odology. The limitations of data collected through survey-
ing are described in chapter II, with particular reference to
surveying of tourist expenditures. In several respects
expenditure statistics are the most important data for
impact analysis, especially in impact studies assessing the
inter-industry linkages, computing multipliers, or evaluating
tourism's contribution to value-added in the economy. In
chapter III a look is taken at problems in utilizing input-
output tables in impact studies and a description is given
of the characteristics of their construction requiring special
attention. A detailed examination of multipliers and
measurement of the repercussive effects of tourist expendi-
tures is given in chapter IV. Finally, several dynamic
aspects of tourism are raised in chapter V, aspects which
are not evident from most statistical treatment given to
the industry. This section briefly discusses issues of com-
parative advantage, government intervention, market
power, investment, employment, and the stages of growth
with respect to the tourism industry.

6. The other main method used for collecting expendi-
ture statistics is through surveying a sample of tourists prior
to departure and extrapolating from the sample results.
Many Governments use this approach, including most
developed countries where it is difficult to monitor foreign
exchange transactions accurately.I. STATISTICAL DEFICIENCIES

7. A similar mixture of approaches is used by countries
to measure the level of spending by nationals travelling
abroad. Both credit and debit figures are reported by IMF
as they appear in each country's balance of payments
accounts with some effort to adjust for accounting classi-
fication. There may be, for example, some discrepancy in
the treatment of transportation in the tourism industry
between the IMF and reporting country accounts.

8. The service sector in international balance of pay-
ments is well known for its inconsistency of treatment.
The travel account is no exception, as can be seen from the
$US 3.5 billion excess of global travel debits over credits
reported by IMF for 1980. There are several possible ex-
planations for this gross difference. The travel accounts

3. Problems concerning the collection and interpreta-
tion of tourism data begin with even the most basic of travel
statistics. The total number of visitors and total visitor
expenditure are two commonly used ~easures of the
magnitude or market size of a country's tourism industry.
The standard data source for tourist arrivals is from interna-
tional tourist organizations, such as the World 'Tourism
Organization (WTO), which in turn rely on government
tourism statistics. Data on tourist expenditures is also
assembled by Governments and reported to the Interna-
tional Monetary Fund (1M F), where the figures appear in
the travel account of each country.

4. Tourist movements are more easily measured and the
resulting statistics are generally reliable. The data are
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are only approximations and a large part of the difference
may be accounted for simply by mismeasurement. This is
supported by the variation between years, which show net
surpluses for some years and net deficits for other years.
Co-ordination between countries on travel defmitions is
also incomplete, although this is improving.

vehicles focus on the expenditure process or demand side.
In addition, by not including all types of expenditure by
tourists, such a supply-side orientation may understate
the impact. Alternatively, it overestimates some flows by
double-counting outputs at several different stages of the
supply process.

9. Another possible source of statistical discrepancy is
the evaluation of expenditures by IMF and reporting coun-
tries. IMF reports fmancial data in terms of Special Draw-
ing Rights (SDRs), whereas member countries use their
local currency for reporting purposes. To convert these
data, assumptions must be made about the proper ex-
change rate to use. With flexible exchange rates there may
be considerable differences between the conversion rate and
the prevailing rates at the time of the transactions.

14. Expenditure by foreign visitors may be only one part
of total tourism demand, domestic tourism being a substan-
tial share in more developed countries. In these circum-
stances, surveys of expenditure must take account of other
dimensions of the decision to travel by including pre-trip
expenditure and excluding transfer expenditure on meals.

15. The major limitations and problems encountered in
surveying tourism expenditure are not described in detail
in this annex. Rather, some of the commonly encountered
problems are listed and briefly commented on.10. Some analysts have suggested that there may be some

distortion arising from political motives in under- or over-
reporting the figures. Since countries can select from
conservative or liberal methods for calculating total receipts
and payments, political considerations may sway their
decisions.

16. The limitations of survey data as used in impactanalysis 
should not be regarded as invalidating the meth.

odology of tracing the effects of tourist spending. Rather,
they are intended to highlight the potential weaknesses of
survey collections so that the proper steps can be taken in
advance to improve on the reliability of information
sources. Alternatively, if existing sources are being used,
these comments point to the caution which must be
exercised when interpreting fmdings based on possibly
dubious tourist expenditure data.

11. These caveats should be taken into account whenexamining 
aggregate tourism statistics. In some instancesthe 

survey methodology employed may explain much ofthe 
idiosyncracies in national data.

U. 

SURVEY LIMITATIONS

12. Studies of tourism impacts rely substantially on data
collected by surveys of various kinds. Even at an aggregate
level, balance of payments items on travel accounts may be
based on sample survey techniques or a "ticketing" system
that requires certain types of expenditure to be traced for
central bank statistical purposes. These expenditure
aggregates (both receipts and payments) are not generally
adequate, however, for impact analysis as they do not
provide a detailed breakdown by type of expenditure
or type of tourist. As a result, most countries undertake
surveys on entry or exit of foreign visitors and collect data
about their trip characteristics, socio-demographic variables
and even their psycho-graphic ratings of various types of
attraction.

A. 

Sample size and coverage

17. Any survey design must observe statistical properties
that make the data collected reasonably reliable and repre-
sentative of the population. It is important, therefore, to
have some knowledge of the sample properties which must
be observed in any survey collection. For example, should
a certain group of tourists be under-represented, even
though their numbers may be considered relatively insignifi-
cant, their expenditure levels may be, on average, substan-
tially greater than for other groups and have a quite distinct
pattern. By not properly accounting for them in a survey,
not only is aggregate expenditure mis-measured, but the
composition of their spending may feed through the
economy in a different way, thereby altering income and
employment effects. Further, should such a group be of
growing significance over time, their impact in future
years may be understated. The technical features of survey
design are crucial to the preparation of expenditure esti-
mates on which impact studies are in part based. A failure
to collect comprehensive and reliable data will not only
result in mismeasurement of the impact of tourism but will
reduce the quality of the data base on which other plan-
ning and management decisions depend.

13. Some studies have examined major tourist-related
industries such as civil aviation, accommodation or internal
transport. However, such an approach requires knowledge
of the proportions of their output or value added sold to
tourists and non-tourists. In most cases, it would not be
possible from the supply side to measure accurately what
proportion of sales was made to foreign tourists. Shopping
and restaurant purchases are obvious examples where
management would be generally unable to distinguish the
origins of their clientele. Consequently, most survey
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B. Non-response bias resources and often constitute a claim on public revenues
or private charity. They may be relatively insignificant for
some types of tourist or in some locations. However, these
activities attract tourists who spend money on related
goods and services. Visitors may be dissuaded if public
authorities do not attend to disbenefits (i.e. negative exter-
nalities) that may arise. Alternatively, they may be
encouraged in the absence of a "user-pays" principle for all
public services.

18. Having designed a survey to meet acceptable statisti-
cal parameters, the implementation of the survey proce-
dures will always result in some types of non-response bias.
Some interviewees may refuse to answer any questions or
may not be available at times convenient for the inter-
viewer. Also, some questions may not be answered because
they address personal or sensitive matters. In addition,
while those interviewed may be quite willing to assist,
there will be some inaccuracies in their responses. For
example, questions about expenditure on gambling or
shopping may be answered conservatively because of the
reluctance of interviewees to describe their personal pre-
ferences or consumption habits. Alternatively, for some
items of expenditure it may be difficult to recall the total
amounts. In the case of small items that are frequently
purchased (e.g. taxi fares, drinks, entrance fees, post-cards)
the amounts may be inadvertently understated.

E. Pre-trip expenditure

22. Once the decision to travel is made, tourists often
pre-pay for part of their trip or pre-purchase some items
they will use during their trip. Depending on the timing,
location and mechanisms adopted in international remit-
tance procedures, these expenditures may accrue to a
country or region under study or may be part of consump-
tion in the country of origin. The use of credit cards and
the growth of "packaged" travel arrangements make the
correct apportionment of expenditure a complicated task.
However, in survey design, there are validation checks that
can be made. In addition, there are other means by which
airline net receipts or other components of expenditure can
be estimated independently.

19. Survey design can include "prompts" and "valida-
tion" questions to guard against these non-response features.
Also, "post-validation" procedures exist for verifying the
magnitude of various expenditure items. For example,
hotel room rates or taxi charges per kilometre can be
independently varified should it be known how long, on
average, tourists stay or how far and how frequently, on
average, they may travel using taxis as a mode of travel.

F.

Allocation procedures

23. Having obtained data about tourist expenditure by
survey and other means, the remaining task is to allocate
such expenditures to the recipient industries for the pur-
poses of estimating impact effects. The proportion of the
total price of goods and services that is attributable to
retail and wholesale margins and for transport, storage and
insurance costs can be substantial, particularly in developed
countries. It is not uncommon, for example, for some
industries to have over half of the price paid for a good or
service accounted for by commodity taxes and the margins
attributable to the service and distribution functions.
Accurate data on these margins and the structure of com-
modity taxes are necessary before expenditure items can
be allocated to recipient industries. In addition, some itmes
of expenditure may have to be arbitrarily split between
two or more industries either because the input-output
tables are insufficiently disaggregated or the expenditure
categories used for the survey collection of data do not
comply with the input-output industry defmitions.

C. Recall analysis

20. Tourists, although willing to co-operate in survey
questioning may genuinely fmd it difficult to recall details
of their travel frequency, route or outlays. Recall analysis
shows that as time passes there may be either a compression
of facts into a shorter period or the forgetting of facts
that should quite properly fall within the boundaries of the
time-frame under consideration. It is likely that memory
lapses will occur for shorter trips. Again, survey design can
overcome some of these recall problems. It is also possible
to verify independently the extent to which recall is defec-
tive. It must be kept in mind, though, that should recall be
defective for particular categories of expenditure, the im-
pact estimates relying on these measures will be biased.
Income and employment effects in some industries or
regions of the economy would be subsequently erroneous.

D. Unrecorded or unpriced consumption

21. Many consumption activities undertaken by tourists

go unrecorded or unpriced. For example, the number of

foreign visitors using beaches, the telephones, and the cars

of friends, or the emergency services offered by their em-

bassies and local agencies will not be recorded and have no

direct charge-out rate. Yet these activities do make use of

1lI. INPUT -OUTPUT TABLES
24. Application of input-output tables is the standard
method for measuring the spread effects of changes in the
fmal demand for the product of an industry or sector.
The coefficients in input-output tables measure the im-
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portance of inter-industry linkages and provide a mapping
of industrial interaction across the economy. This "snap-
shot" picture of an economy is developed under many
assumptions and constraints. There are also several alterna-
tive ways of constructing input-output tables which
determine how the coefficients must be interpreted. This
section provides a list and brief discussion of the main
features of inter-industry accounts which need considera-
tion when using them.

is then to relegate these unexplained margins to a dummy
industry. Sometimes this industry is labelled as "business
expenses" since most of the residual can be attributed to
incidental business services. The amount of the residual
varies from industry to industry. In some cases the portion
of inputs not directly accounted for is substantial.

30. Actual construction of the inter-industry tables may
vary on several further points which influence the signifi-
cance of production coefficients. Listed below are the
main features of the tables which frequently vary between
different countries. In addition to these points, there are
further idiosyncracies which should be examined to ascer-
tain if they will prejudice the analysis. Treatment of
government subsidies, commodity taxes, and customs
duties are examples. These are generally less problematic,
however, and do not merit detailed discussion here.

25. Input-output tables are constructed at different levels
of disaggregation, from aggregated sectoral models to highly
disaggregated tables with over one hundred industries.
There is no standard size nor a standard way of grouping
industries, although ISIC classifications are often used as
guidelines. The more industries included, the more detailed
is the information obtainable from the tables. However,
there is also a trade-off in developing more sophisticated
tables since the reliability of individual industry coefficients
is lower. Over time, the production coefficients are likely
to change more rapidly in some industries than others.

A. Treatment of imports

31. There are two basic methods of recording imports in
input-output tables: as complementary imports or as com-
peting imports. The first of these considers imports as
being distinct products not produced domestically and
hence not in competition with local production. In that
case, imports are treated separately and not included in
the same cell with domestically produced inputs. Compet-
ing imports, on the other hand, are considered to com-
parable to domestic products and may be allocated to
the same cell as domestic inputs. The choice between
these two distinctions implies two different approaches to
constructing the national input-output tables; either by
direct or indirect allocation.

26. Using input-output tables for work on tourism
usually requires that they have a high degree of disaggrega-
tion. Rarely are tables designed to treat tourism separately
from other sectors of the economy. Accurate allocation
of tourism expenditures thus requires use of inter-industry
accounts which enable identification of industries catering
as directly as possible to tourist demand. Selection of
appropriate industries for allocating tourist expenditures
therefore depends on how each country's national input-
output tables have been structured and on how tourist
spending has been disaggregated.

27. Apart from the dimensions of the tables and selection
of industries, there are several other points about input-
output table construction which must be borne in mind. It
is important to note how industries have been defmed,
particularly for work on tourism which depends primarily
on service industries in which international classifications
are far less standardized.

32. The direct allocation approach is to consider im-
ports as complementary, ie. not competitive. The usual
procedure is to allocate them to the industry in which
they are primary as an entry in an import row vector
separate from domestic inputs. Import coefficients then
appear much as do the value added components, ie. in a
row along the bottom of the table separate from interme-
diate inputs. The matrix of aij coefficients therefore
excludes imports. Application of this method requires
identification of the industry destination of each imported
commodity. Often this is very difficult to determine.

28. Another important point concerns the measurement
of output in service industries. This is a chronic difficulty
in service sector statistics, particularly in fmancial services
which are very difficult to measure and allocate to indus-
tries. Frequently, the imputed bank service charge is not
allocated backwards to the industries using banking services.

33. The alternative method of indirect allocation is used
when imports are treated competitively. In this case
imports are indistinguishable from domestically produced
inputs in the aij matrix. Imports of steel, for example,
are then allocatea along the row vector for steel in equal
proportion to total use by each industry. This method is
considerably easier to apply. However, it requires the
assumption that the input requirements for domestic
production are the same as those for producing the im-
port, i.e. equivalent treatment of imports assumes the same

29. One additional difficulty is with treatment of resi-
duals in the accounts. After accounting for total inputs
to an industry as thoroughly as possible there is often a
margin which cannot be explained. Certain expenditures,
such as advertising, accounting, or incidental expenditures,
may be left out from the survey data available in compila-
tion of the tables. The standard procedure in most cases
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IV. MULTIPLIERSproduction function. Where this is not true the results of
analysis will be inaccurate.

38. The basic ingredients for the estimation of tourism
multipliers were discussed in an ESCAP document
(TRANS-IMTDj3) which was submitted to the Intergovern-
mental Meeting on Tourism Development, Tokyo, 22-28
March 1983. A non-technical approach was adopted in an
effort to portray the methodology commonly employed to
evaluate the impact of tourism on an economy. This sec-
tion of the annex describes in more detail some of the
conceptual distinctions that should be observed, their
limitations and the most common abuses to which multi-

pliers are put.

,34. 
Different purposes are served by using these alterna-

tive methods. For the purpose of analytical work on
tourism the direct method of allocation is generally pre-
ferred since identification of import requirements in the
industry is important. However, where the indirect method
of allocation is used, separate calculation of the imports
matrix is often available and can be used for the same
purpose. Furthermore, in many cases both methods of
allocation are used in one table depending on the types of
imports and whether the user industries can be identified.

39. Any fonn of expenditure is known to have direct and
indirect effects. For tourist expenditure direct effects
occur in hotels or for airlines when travellers purchase
accommodation or buy their air tickets for the destination
they wish to visit. Indirect effects take place when the
hotels, for example, buy food or laundry services or the
airlines acquire communications equipment or maintenance
services. In turn, further indirect effects might take place
in agriculture, metal fabrication industries or mineral
processing as each stage of the production process responds
to demands further up the chain and supplements local
production with imports.

B. 

Producer and purchaser prices

35. 

The first step in developing input-output tables is
measurement of the input requirements of each industry
or sector included in the tables. Inputs are all evaluated in
terms of current prices which may be measured either in
price terms of the producer (seller) or purchaser. The dif-
ference between these is the cost of transportation, retail
and wholesale margins, marine insurance, and other costs
incurred between production and fmal sale. If the transac-
tions are valued at the purchaser's prices these marginal
elements appear as inputs to the producing sector. Alterna-
tively, when they are evaluated at producer's prices the
margins are recorded as inputs to the appropriate industry
(trade, transport, fmancial services etc.)

36. Each of these methods of evaluation is useful for
different applications, and often both methods of evalua-
tion are given for comparison. In input-output applications
to tourism, however, the tables constructed at producer's
prices are typically used since usually it is desirable to
differentiate the effects on these marginal industries.

40. Induced,effects result when the recipients of direct
and indirect expenditure spend their income on either
consumption or investment goods. There are, of course,
further rounds of purchases by supplying industries and
subsequent consumption out1~ys. Taken together, the
indirect and induced effects are also referred to as seconda-
ry impacts by comparison with primary or initial impacts.

41. The relationships between expenditure and output
and income and employment are usually described by the
term "multiplier". Such a concept refers to the number of
times expenditure is circulated throu~ the economic
system accumulating its effects before total income or
employment repercussions result. They essentially arise
from the degree of interdependence between an industry,
such as tourism, and the remainder of the economic system.

C. Commodity and industry tables

37. The most common fonD for input-output tables is
use of industry-level infonnation to construct a matrix of
inter-industry demand and supply. A variation on this is
the use of commodity based infonhation and construction
of the tables to map inter-commodity requirements. Use of
commodity input-output tables is argued by some to enable
closer approximation of homogeneous production func-
tions, one of the fundamental assumptions underlying
co~struction of the tables. Use of commodity input-
output tables should in theory present fewer difficulties
for ~pplication to the tourism sector since data on tourist
expenditures are characteristically expressed as commodity
transactions. This requires that services are treated as
commodities in the tables. Construction of commodity
tables, however, is much less common owing to the com-
parativedifficulty in collecting inter-commodity data.

42. Most multipliers are expressed as a ratio of total
effects to tJiedirect effects of increased (or reduced)
expenditure, For example, there are sales multipliers
which measure the increase in business turnover resulting
from an increase in tourist expenditure. An output multi-
plier differs only to the extent that inventories are allowed
for. An income multip1.ier expresses th~ relationship
between direct and total income arising from additional
tourist spending. Finally, employment multipliers give
the ratio of direct and secondary employment created to
direct emploYII:lent resulting only from extra tourism
expenditure.
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43. Type I multipliers are those that include only direct
effects while the addition of indirect effects will provide
type II multipliers.

(c) There exist no supply constraints. This implies
that the growth of tourism demand is predictable and
steady such that existing capacity can be utilized without
pressure on backward or forward-linked industries in the
supply chain. Such an assumption may be unrealistic for a
specific region or over a period when the level or structure
of tourist spending is changing significantly. For example,
hotels, transport operators or retailers may experience
bottlenecks in supply to the extent that imports rise, or
prices are bid up, thereby altering the value of the multi-
plier through changed production relations;

44. Multipliers are most commonly estimated using
input-output models. Apart from the limitations of the
technique, which will be discussed later, a number of
defects are apparent. First, the tables available for any
country are often computed from incomplete or obsolete
data. Many "guesstimates" are made by the compilers of
the tables to make the inter-industry flows consistent and
to arrive at output measures for some industries. Secondly,
expenditure data -usually obtained by survey means -
are often less reliable than would be ideal. Such data must
be allocated somewhat arbitrarily to the initial appropriate
input-output industry where it is thought, from a descrip-
tion of the type of expenditure, the outlays would have
occurred. Thirdly, input-output models are intended to
represent an economy at a point in time in so-called
"long-term equilibrium". When investment and consump-
tion patterns are changing rapidly or economic structure is
undergoing substantial adjustment, it is doubtful whether
this "snapshot" picture will have continuing validity.

(d) Consumption functions are linear and homo-
geneous. This implies that increases in incomes arising from
tourist expenditures will be spent in the same proportions
and on the same goods and services as existing sources of
income. However, it is likely that income growth will lead
to a changing structure of consumption by households and
adjustments in the investment pattern by business. For
example, induced income effects may lead to a demand for
more consumer durables which may be imported or busi-
ness investment may be diversified away from its existing
emphasis should the economy be too dependent on tourism.

45. Input-output tables are based on a number of as-
sumptions that inhibit their usefulness if such assumptions
violate significantly the economic relationships they
portray. The implicit assumptions are:

46. 

In practice, these limitations can be allowed for by
a careful examination of the data sources, tests for the
homogeneity of output or consumption patterns and
suitable adjustments to findings or their mterpretation.
However, too complex a model may defeat the purpose of
studying the net impact and changes in aggregate terms
over times.

(a) Technical production functions are linear. This
implies that any additional production will require inputs
in the same proportion as existing production. Overlooked
are variations in import proportions and the potential
for scale economies. Also, it is assumed that at the margin
production techniques do not respond t.o input prices such
as material or labour costs. Where regional economies are
reliant on imports or local factor market conditions and
where there are high growth rates of tourism expenditure,
these production relationships will be volatile and probably
hAve non-linear characteristics;

47. 

Multipliers, although useful for plannirlg and manage-
ment, are capable of abuse. For example, it is unlikely that
multipliers of more than 3 or 4 can be generated from
tourism expenditure. A more likely average would be
about 2 including induced effects. The most common
types of abuse of multipliers can be listed:

(a) Incorrectly applying a nationally derived
multiplie-r to a region. Smaller regions, which tend to be less
self-sufficient and have stronger links with other parts of
the economy by means of their specialization are likely to
experience a higher level of leakages;

(b) Industries produce a single homogeneous com-
modity. This implies that when tourists acquire goods or
services, they are generally the same as those consumed by
local residents. Of course, where a national or regional
economy is already dominated by tourism expenditure or
export market preferences, the average expe~diture pattern
will be typically close to the marginal injection of tourism

expenditure. However, this is not likely to be the case for
newly emerging tourism areas or for economies where do-
mestic expenditure is conditioned by local socio-economic
tendencies. For example, the accommodation, food or
shopping needs of foreign tourists may differ markedly in
terms of service levels, price and profit margins from those
for domestic residents or even domestic tourists;

(b) Failure to allow for expenditure diversion.
Some types of expenditure by tourists, as itinerant con-
sumers may merely be a transfer of "normal" expenditure
through time or across spatial boundaries. For example,
food outlays may be generally regarded as a transfer in the
context of domestic tourism because it does not result in
additional outlays that would not have otherwise occurred
should the household have remained at home. Other
expenditure, on travel equipment or special clothing, may
be more clearly associated with the decision to travel.
However, any exogenous injection of expenditure from
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outside a regional or national boundary can be properly
regarded as having repercussions or multiplier effects;

parison of multipliers between industries is not a legitimate
practice for economic planning. In essence, the inter-
industry linkages determine the size of these ratios and
the multiplier values have no inherent merit. Rather, it
is only total employment or income effects that are worthy
of comparison for given initial expenditures, and then
subject to the earlier qualifications about the limitations
of input-output techniques of analysis;

(c) Indirect income multipliers may be over-
estimated. If an economy is operating at near to full
employment, there can only be inflationary pressures
generated and a transfer of resources from other areas of
the economy. In other works, attracting additional income
by means of tourism outlays can result in induced effects
that are advantageous to the recipient country only if the
resources available would otherwise remain in less profi-
table usage. Even then, structural rigidities may still effecti-
vely present underutilized resources from being translated
into real (rather than illusory) income and employment
growth;

(e) Applying an inappropriate input-output model.
A region may have a very different economic structure
from that of a country as a whole. Thus a data base or an
input-output model that does not typify the local economy
will improperly state the multiplier effects. The r~giona1
economy, for example, may be highly dependent on a few
activities, thereby underrepresenting their linkages with
other parts of the economy and overstating the multipliers.(d) Misinterpreting "ratio" multipliers. The com-

V. DYNAMIC ASPECTS OF ECONOMIC GROWTH

B. 

Regulations, protection and government
fiscal intervention

48. 

Impact analysis is couched in terms of a static frame-
work, with adjustments at the margin in both production
and consumption relationships. It is not intended to
encompass situations where comparative advantage, income
distribution, employment opportunities, government inter-
vention, or public investment are experiencing substantially
changing directions. Where these conditions do exist,
tourism impact studies must be suitably qualified and
interpreted with caution.

51. Most Governments exercise management prerogatives
by means of monetary, fiscal and regulatory devices. The
extent to which these interventions are practised and their
distorting effects are felt will clearly limit or augment the
net impact of tourism expenditures. Promotional activities
will essentially redirect expenditure to different locations
while supply-side intervention will alter resource allocation,
affect efficiency and change income distribution.

49. 

It is apposite, therefore, that when applying eco-
nomic impact methodologies, these sources of instability or
rigidity should be understood for the effects they may have
on the estimated magnitude of the impacts or the processes
through which the impacts may reveal themselves.

52. The structure of an economy at any particular time
will reflect the types of intervention practised and the
history of their modification and implementation. How-
ever, for example, should onerous currency restrictions be
imposed or generous subsidies be granted to the training of
labour for employment in tourism-based activities, tourist
expenditures as well as their impacts may be distorted to
a degree that cannot be readily captured by static impact
analysis, at least in the medium- to long-term.

A. Dynamic comparative advantage

50. A country's comparative advantage in trade may be
altered by exogenous or endogenous events and circum-
stances Changing factor abundance or scarcity may, in
turn, be partly attributable to political or social conditions.
However, factor intensities in production relationships are
taken as being fixed in input-output analysis. Clearly, while
technological coefficients generally change only slowly over
time, a country's ability to compete in international
markets for tourist arrivals and expenditure will probably
vary more quickly as labour, capital and foreign exchange
markets reflect the sensitive responses of potentially travell-
ing consumers to travel costs, wage rates and exchange
rates. Also for the reasons given in chapter III, the input-
output model may not adequately capture some of the
heterogeneity of supply-side arrangements or demand-side
expenditure patterns for the particular tourist outlays
under examination.

C. Market power

53. In some countries, transnational companies or statu-
tory authorities may exercise considerable power in goods
or services markets. For example, government-supported
civil aviation authorities or hotel chains that are foreign-
owned may have discretionary controls in given market
contexts. This does not permit the assumption to be made
that efficiency will be their only goal. For example, airfare
discounting may be a net cost to public revenues in the
interests of capturing a growing market share. Also profits
may not be reinvested in operations that are providing more
than normal market returns for fear of oversupplying in
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E. Investment and employment in
the private sector

the context of inelastic demand. As a consequence, some
of the market bargaining strength of service or factor
suppliers in tourism-related activities may not be that
experienced by firms in non-tourist areas of the same
industry, thereby leading to an inaccurate assessment of
economic impacts.

55. Apart from the consumption effects of tourism
outlays, capital formation that is lumpy and has long
gestation lags may well create additional employment and
income effects. This overlay of impacts can be allowed for
and will typically be for some construction sub-period of
the investment horizon for tourism-related projects.

D. Investment in public services

54. By its nature, the supply of tourist services requires
public utilities and the preservation of access to public
goods. Some of these non-market and joint-investment
attributes tend to be overlooked in impact analysis and
may not even be adlquately treated in elementary cost-
benefit appraisals. A major difficulty is that of the provi-
sion of adequate data by public authorities about the
magnitude of revenues or expenditures directed towards
encouraging use by particular groups of consumers. If
tourism is to generate net benefits, then it is clearly in the
interest of Governments to disclose the return to invest-
ment funds and taxation collections of outlays specifically
intended to attract and service non-resident tourists while
at the same time preserving or enhancing natural and
related environmental resources.

F. Stages of economic growth, income distribu-
tion and consumption structures

56. Impact analysis does not allow for the dynamic
growth path of an economy to be traced. Again, multi-
stage impact studies could be undertaken, with feedback
effects from higher incomes per capita, changing income
distribution and consumption behaviour being incorporated.
However, the very complexity of the growth process and
the relatively minor part that tourism plays for most na-
tional economies may not warrant such sophistication.
Nevertheless for regional impact analysis, these considera-
tions become much more significant.
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