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Foreword

THE BROOKINGS INSTITUTION is conducting a major
research program on the role of transportation in the economic and
social development of the emerging nations of Africa, Asia, and Latin
America, One aspect of this program is a series of graduate seminars at
Harvard University, designed to bring together students, faculty, visit-
ing scholars, and public officials for research and training in transport
investment planning, The essays in this book, based on the first series
of Harvard seminars, comprise the second publication of the Brookings
Transport Research Program, which is being financed by a grant from
the Agency for International Development.

The Harvard program, which is directed by John R. Meyer, has
focused on devising analytical methods for improving the quality of
transport planning decisions. More explicitly, the program has three
primary tasks: (1) deriving in a more rigorous fashion the implications
of modern economic theory, engineering, and operations research for
transport planning; (2) formulating mere complete models to simulate
or otherwise adduce the relationships between transport investments
and the broader national goals of economic development; and (3) ap-
plying these techniques to the problem of discerning which transport
technologies, new and old, might best serve the economic goals of
underdeveloped countries under varying geographical, industrial, and
population circumstances.

The initial transport seminar was established at Harvard during the
1963 spring semester. This seminar, with weekly sessions, was con-
ducted by Gary Fromm and Richard B. Heflebower and had as its
purposes the awakening of student interest in the topic and an intro-
duction to the complexities of the subject. A number of guest speakers
wera invited to participate in the experiment, and their willingness to
contribute time and effort has made possible the present volume.

The Brookings Institution expresses its appreciation to Dean Don K.
Price of the Harvard Graduate School of Public Administration and to
John T. Dunlop, Chairman of the Department of Economics, for
their support and assistance in making the seminar a reality.

vii
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The reading committee included John R. Meyer; Merton J. Peck,
Yale University; and George W. Wilson, Indiana University. Jane Lecht
edited the manuscript and prepared the index. The Transport Research
Program, under the direction of Wilfred Owen, is conducted in the
Economic Studies Division, headed by Joseph A. Pechman.

The comments and suggestions of the following are gratefully ac-
knowledged by the authors: Leon Moses contributed helpful criticisms
of Chapter III, “Characteristics of Transport Modes.” Joha H. Kauf-
mann generously contributed materials for the preparation of Chapter
V, “Design of the Transport Sector,” and Charles H. Berry and Robert
T. Brown provided useful comments. In the preparation of Chapter VI,
“Economic Development and Regional Growth,” helpful suggestions
were contributed by S. Chakravarty, R. S. Eckaus, John R. Meyer, and
Gary Fromm. An carlier version of the paper was presented at a confer-
ence of the National Bureau of Economic Research in April 1963. Bilsel
Alisbah rendered assistance and Robert T. Brown provided valuable
comments on an earlier draft of Chapter XI. Carlos Massad, Carlos
Hurtado, Manuel Metz, and Rada Yumba made significant contribu-
tions to the preparation of Chapter XII, “The ‘Railroad Decision’ in
Chile.”

- Opinions expressed by the authors do not purport to represent the
views of the Agency for International Development, or the trustees,
officers, or other staf members of the Brookings Institution.

Robert D. Calkins
President

January 1965

The Brookings Institution

1775 Massachusetts Avenue N.W.,
Washington, D, C.
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Introduction: An Approach
to Investment Decisions

GARY FROMM®

THAT ECONOMIC DEVELOPMENT requires adequate,
effective transportation services is axiomatic. That there exists, for given
countries at specified stages of development, a theoretically optimum
amount of transport capacity is generally accepted. Nonetheless, agree-
ment on the determination of these capacities and their implied rate of
investment is far from unanimous. This probubly is due as much to the
failure of economists to study the role of transportation in contemporary
economic development as it is to basic disparities in views. It is apparent
from Katherine Warden’s selected bibliography following the text of this
book that few, if any, comprehensive analyses of normative transporta-
tion-developmert theory have been conducted to date, This volume is
intended as an introductory contribution to the subject.

Prior to & discussion of transport investment, however, it is well to
establish the development context within which such expenditures are
undertaken,

The Development Context

The less developed nations exbibit a vast diversity of geographic,
demographic, political, economic, and social environments, Nonethe-
less, within each set of these characteristics, common elements which
have similar effects on development and transport programs can be
grouped. First, these countries, with few exceptions, can be classed
into four geographic-demographic categories: (1) tropical lands with

* The Brooldngs Institution.
1



’2 a APPROACH TO INVESTMENT DECISIONS

high population densities; (2) tropical lands with low population densi-
ties; (3) temperate zone mountainous lands possessing an altiplano or
coastal plain of high population density with low densities elsewhere;
and (4) desert lands with low overall population densities but concen-

- trations along rivers or coastal areas. Development and transport prob-
lems are generally more intense in tropical areas and where population
densities are low. Inordinately high densities, of course (as in India),
pose other difficulties.

Second, in the political field, there are countries where develop-
ment is limited by technical factors, the resources available, and the
imaginations, inclinations, and skills of planners and the government;
there are other nations'where strong vested-interest groups exercise
snfficient power to retard development significantly from otherwise
attainable levels. Not only may such groups block essential programs,
but they may also divert resources into investments that contribute little
to development.

‘Third, in the economic-social area, a large number of character-
istics are pertinent to investment decisions, although only a few can
be cited. Most importantly, there are the dominant factors of low per
capita income and highly unequal fncome distribution. Also, the agri-
cultural sector usually suffers from low total productivity, enjoying
only pockets of highly developed plantation or commercial farming of
cash. export crops. Farming methods are likely to be primitive, and
the output of many farmers is adequate only for their families” sub-
sistence. Furthermore, there is little incentive for producing a surplus.
Because of lack of knowledge of marketing possibilities and the un-
availability of rapid, dependable transport to domestic markets, much
of any surplus that could be produced would be spoiled before it could
be exported or consumed in urban centers. Often, the existing transpor-
tation network to the hinterland was built to export minerals and cash
crops and not to serve internal transport needs.

A related characteristic is the extensive unemployment or underem-
ployment of labor in ruval areas. Notwithstanding the use of inefficient
agncultural techniques, the low quantity of foodstuff production re-
quires only a fraction of the available labor force, especially where
populatlon is high. Because of this lack of local employment oppor-
tunities and low rural living standards, as well as the attractions of
cjty life and an unawareness of true conditions in urban areas, large
numbers of people migrate to the larger urban centers. This urbaniza-
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tionis, at the least, unfortunate for the welfare of both the individual
and.the ndtion. Not only is the demand for unskilled Iabor at early
, stages. of ‘industrialization extremely limited, but living conditions in
crowded cities frequently are less satisfactory than the migrants’ vil-
lages. Yet, the unemployed migrants must be fed and housed, how-
ever inadequately, causing a drain on the economy that would have
been avoided had they remained in rural areas. If rural employment
opportunities are not created, improved transport between urban and
rural areas may, unfortunately, increase excessive migration. Louis
Lefeber’s essay (Chapter VI) develops this point in greater detail.

The industrial and commercial sectors also suffer from a dualism
that is similar to that in the agricultural sector; some industries oper-
ate at (or near) internationally competitive levels of productivity, while
others are extremely backward. As in agriculture, too, many goods are
not manufactured domestically (or only in limited amounts) and must
be imported to satisfy consumption and production requirements, With
great import needs and with foreign exchange earnings restricted
largely to those arising from raw material or commodity exports,
balance-of-payments deficits are common and pose a constraint to do-
mestic expansion.

In all sectors cof the economy, including government, productivity
and development could be advanced by additional basic and voca-
tional education. Since private initiative in this field is sure to prove
woefully inadequate, government must bear the prime educational
responsibility. It must also carry the burden of much of the new in-
frastructure investment (especially basic transport facilities), since the
private sector is generally incapable of doing so except under politi-
cally untenable or economically undesirable conditions (cf. p. 94n
below).:

Financing these investments and other public expenditures is one
of the prime difficulties faced by govemment. Confronted by an
initially low proportion of the national product which can be devoted
to governmental purposes, long histories of tax evasion and avoidance,

*Expansion in the industrial and commercial sectors can largely be left to
private initiative within some broad bounds and incentives established by the
government, (However, there are exceptions when large capital investments, high
risks, and new technologies are involved, resulting in a requirement for direct
government intervention.) In the agricultural sector, too, private entrepreneurs

should be able, with the assistance of agricultural extension services and govemn-
ment guaranteed or provided loans or credits, to raise productivity significantly,
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. archaic tax: structures, and ineffective (if not corrupt) tax administra-
z,tion, . most: governments in less developed nations are hard pressed to
miéet:the financial burdens of accelerating growth.? Certainly, some
help is-obtained from foreign aid and loans, but these normally satisfy
only: a:fraction of the needs and sometimes entail onerous political or
economic repayment obligations. Tax reform clearly should have high
priority among development administrative measures. (Other legal
reforms, especially those relating to contract law, are also imperative
in many nations.) The importance of reimbursement by users for
publicly produced goods and services (other than welfare services,
such as primary education or public health) is also greatly heightened
(cf. Chapter X by James R. Nelson and Chapter XI by A. Robert Sadove
and Gary Fromm).

Finally, as to transport itself, a wide spectrum of technologles gen-
erally may be found, ranging from primitive footpaths and dirt roads
with human or animal portage to modern superhighways, railways,
and high speed aircraft. Moreover, the same diversity often prevails in
the geographic distribution and integration of transport facilities and
services; some (partially due to historical happenstance) are scattered
haphazardly, while others are bound together in efficient subsystems.

Development Objectives and the Role of Transportation

The preceding brief generalizations of the development context are
not universally applicable, especially in all of the details, to all less
developed nations. Nevertheless, they are useful in formulating the
objectives of many economic development programs and lending per-
spective to them. These might broadly be defined as: (1) growth in
aggregate nationa! income, accompanied by an equitable distribution
between and within population, business, and regional groups; (2)
increases in the kinds and amounts of final goods and services avail-
able to consumers, industry, and government; (3) development of a
national industrial structure capable of earning foreign exchange and
of supplying domestic markets; and (4) establishment and maintenance

2Harry T. Oshima, “Shares of Government in Gross National Product for
Various Countrles,” American Economic Review, June 1957, pp. 381-90; also,
Harley H. Hinrichs, “The Changing Level of Government Revenue Share During
Economic Development,” mimeographed, University of Maryland, 1964,
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of a high level of employment. Most of these goals, of course, are
subject to intertemporal trade-offs—the attainment of one can be sacri-
ficed for increased achievement of another,

For these objectives to be realized, it is normally necessary (among
other requisites, many of them noneconomic) that the agricultural
sector be expanded and improved; that there be growth of the in-
dustrial sector and development of rural and urban markets; that a
skilled labor force be trained; that urban centers with all their diver-
sified productive, social, and cultural services be developed; and that
an economical and reliable transportation system be furnished that is
efficient from a resource allocation standpoint.

The Role of Transportation

Transportation plays a many-faceted role in the pursuit of develop-
ment objectives. Its function as a factor input requirement is ob-
vious—it enables goods and passengers to be transferred between and
within production and consumption centers. Since much of this move-
ment is between urban and rural areas, transport supplies an essential
ingredient in extending the money economy to the agricultural sector
and raising its Productivity. In the process, if rural incomes can be
increased, it may help to retard pathological urbanization,

Somewhat less apparent is the role of transport in shifting pro-
duction possibility functions by altering relative factor costs, Improved
transport lowers travel time, resulting in savings of labor man-hours
spent in transit, and it permits reductions in inventory, capital, interest,
and obsolescence costs. Of course, shipment costs fall, too, making oth-
erwise unfeasible production possible, Thus, transport creates internal
economies for many sectors, thereby fostering external economies for
all sectors.

Increasing the speed and scope of the transport network also has
beneficial effects on factor mobility, allowing human and material re-
sources to be transferred more readily to places where they can be
empioyed most productively. Consequently, transport helps to attain
preferred regional distributions of Population, industry, and incomes.

Finally, transport is also a private and public consumption good. In
its private role it enables individuals to travel for private reasons, As
2 public good, it serves to increase national defense capabilities, social
cohesion, and political stability, As Hans Heymann has noted in his
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‘reviéw ‘of  the cobjectives’ of transportation in economic development
-(Chaptér°II), the latter noneconomic and redistributive effects largely
are incommensurable, qualitative, and related to social utility. They
alter ‘economic priorities and, therefore, pose difficult problems in
‘formulating and evaluating transport investment programs. Since
economists have not been elected by popular mandate to reveal social
preferences, they can only indicate the economic consequences of
different proposals, leaving the final selection to politicians.®

Still, the economists’ task is important, for they are responsible for
devising alternative, efficient development programs from an almost
infinite set of possibilities. Moreover, because the costs of suboptimiz-
ing one sector (such as transport) while assuming ceteris paribus con-
ditions for the others can be extremely great, such designs should take
place within the confines of a comprehensive planning framework.
Unfortunately, such planning is extremely complex.

Deriving a Comprehensive Plan

The approach to comprehensive planning suggested below (which,
admittedly, is somewhat idealistic), utilizes a six-stage iterative process,
forcing transport and other planners to repeat a sequence of analyses
until a set of satisfactory alternative plans for near- and long-term
action is devised. The choice among these alternatives then becomes
a matter of social judgment and is to be exercised, at least in demo-
cratic societies, by the elected representatives of the people with the
assistance of development planners and other experts. However, a few
preliminary remarks are in order before this methodology is outlined.

From the outset it should be recognized that an economic develop-
ment plan should be only one aspect of a government'’s program to
improve national well-being. Much more is involved in this program
than formulating and implementing a plan for public sector invest-
ments on the basis of anticipated and stimulated private sector activi-

*On occaslon, this has led to allocations that are clearly nonoptimal from an
economic standpoint. It is interesting, however, that even in the highly planned
Soviet soclety, economic opportunity costs frequently overrode the stated political
objectives of transportation policy when the political goals involved large eco-
nomio sacrifices. (See Holland Hunter's discussion of this phenomenon in Chapter
viL)
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ties. More is required than government expenditures for infrastructure
(housing, water, power, transportation, ete.) or for commodity-produc-
ing capacity. In general, the government must create conditions that
are favorable to development; it must awaken an awareness of de-
velopment potentialities and advantages; and it must foster an at-
mosphere that encourages efficient resource utilizatien and facilitates
and stimulates private economic activities, Furthermore, although a
mild degree of inflation may be beneficial, rapid inflation is to be
avoided since it creates uncertainty, distortion of resource use, undue
speculation, balance-of-payments difficulties, and other effects that
deter growth, Consequently, a wide range of policy instruments—
financial, monetary, import, tariff, direct and indirect taxation, transfer,
educational, and so on—must be employed, together with expenditures,
to attain a high growth rate and the realization of growth potential.¢
Even given all these tools, the formulation of ideal policies and
their application might prove to be insuperably difficult in many
countries because of the dearth of information on which to base deci-
sions. One of the first tasks in the developing nations is to gather basic
national (and regional where appropriate) statistics on population, re-
sources, production, prices, income, income distribution, savings, in-
vestment, etc. so that expected changes and structural interrelation-
ships between these variables can be estimated. The failure to do this
not only makes the design of development more uncertain, but also
makes evaluation of the results of policy measures impossible. Merely
determining that a given effect has been beneficial is insufficient proof
that justifiable actions have been taken or that greater gains might
not have been otherwise attained, The planner or administrator who
has an “ostrich complex” and bases his conclusions on unnecessarily
scanty knowledge may be doing his nation more harm than good.
This is particularly true in the first step of the planning process, the
specification of goals. Goals should be stated in terms of minimum and
desired levels and growth rates to be achieved at S-year intervals from
the present to a horizon 30 to 40 years hence. This long time span is
required in part to permit proper accounting for the lives of major
infrastructure investments; more importantly, it is necessary so that
long-run shifts in goals and in the regional distribution of population

!The above prescription parallels that of Jan Tinbergen, The Design of De-
velopment (Johns Hopkins Press, 1058), pp. 3-8.
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.and economic activities may be correctly weighed in establishing near-
term development programs.® The particular goals to be specified will
wvary from country to country. In general, they will encompass a time
spectrum for achieving the objectives in regard to Gross National
Product, per capita income and its distribution, the composition (and
‘minimum values for certain components) of final demand and produc-
.tion, the distribution of income and production by regions, and certain
additional items of special significance in a given nation.
. ‘The minimum character of these desires must be stressed. The aim
in planning is to maximize national welfare, which is presumed to be
equivalent to (or at least positively correlated with) maximizing the
achievement of objectives.® The function of the goals is to act as mini-
mum constraints.” Regardless of the degree to which some aims are
exceeded, all must at least be satisfied. This, in essence, creates im-
plicit prices for weighting the goals when some variables are forced to
meet the constraints, For this reason, the goals should accurately
reflect social preferences and be set at, or below, attainable levels.
Unrealistically high goals, although they may serve a politically useful
propagandistic purpose, hinder rather than aid effective planning, If
reasonable goals are to be established, ccasiderable information on
the characteristics and capabilities of the economy is required.®
A set of goals without a means for their implementation, of course,
is quite useless. Thus, the second stage of the planning procedure is
to integrate these objectives into a long-range, dynamic development

3When even longer-run factors than those included at the planning horizon
(e.g., watershed requirements) might be expected to alter discounted opportunity
costs significantly, these, of course should also be considered.

$ Goals aimed at minimizing undesirable effects may be expressed as maximiz-
ingt problems by the use of negative prices, e.g., industrial waste may be given a
nejtative price equal to its disposal cost.

¥ Because welfare may decline if certain goals are surpassed by a wide margin,
maximum constraints may sometimes also be specified, ie., the desideratum
should lie within a relevant range. Some goals, too, may be subject only to a
maximum constraint,

% These characteristics and capabilities enter the planning process as additional
constraints. Aside from technical production coefliclents, savings and financial
factors may be especially important, (See Chapter XI by Sadove and Fromm.)

Since at early stages of development a large perrentage of new production
facilities and material inputs are likely to be imported, much attention should
also be given to the foreign sector, i.e., to potential foreign exchange earnings,
the import content of output, the balance of payments, long-term loans and
credits, foreign aid, ete.
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plan. While there may be some divergence in the details, the concepts
to be applied in formulating this plan essentially are identical to those
employed by Lefeber in Chapter VI. They need not be modified or
extended here; the end result is the same: a broad program of utiliza.
tion and allocation of resources and production among industries and
between r_gions over time (to the horizon), to yield an optimal set of
goods and services for final demand use.?

Clearly, both the Production and output sets of this program must
satisfy the goal constraints and should also provide for a maximization

the establishment of other long-term development guidelines and
policies; (2) to provide the basiq long-run framework on which the
near-term plans are to be hung; and (3) to ensure that the latter plans
are consistent with long-term development objectives.

The near-term plans Tepresent the next step in the planning process
and are the bridge between short-term actions (e.g., investment in
projects) and the long-range program, Although the long-term develop-
ment plan is the general determinant for near-term prescriptions, its
high degree of aggregation is insufficient to guide current period
policies. For near-term planning, more detail is required—the number
of industry sectors and the corresponding final demand categories
must be expanded to several hundred; greater regional detail may
also be needed. Second, while the long-range plan should broadly
optimize resource use in the long run, it is not sufﬁciently detailed or
precise to do so in the short run, Transitory elements are largely ig-
nored and certain effects within macro-sectors cannot be treated,
Therefore, a further degree of optimization is required. Finally, to
maximize output and reduce inflationary pressures, there must be con-
sistency between resource use and availability in the short run,

Although the need for near-term planning to fulfill these require-
ments is evident, the exact form it should take s not intuitively ob-
vious. Ideally, dynamic activity analysis should also be u.lized for the
formulation of near-term plans; practically, this may prove difficult,

*Because the uncertainty and the data requirements are so great in planning
over a 40-year period, the long-term program must be faitly aggregative, con-
taining probably no more than 50 sectors and 6 regions.

One point does require emphasis: it is vitally important that account be taken
of the impact of continuing technological change on production relationships,
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and an approximate technique may suffice as an alternative. Instead of
attempting optimization of the objective function (i.e., the satisfaction
of goals and the maximization of output) in a single-stage process,
planning may prove more feasible if it proceeds sequentially. This
might be done by a series of 1- or 2-year linear programs to cover a
span of 5 or 6 years. The procedure then would be to impose the
initial conditions and output specifications of the long-range plan as
constraints on the first program, enter any additional necessary infor-
mation, and solve for the efficient solution.*® This process can then be
repeated for the next short period with the initial conditions modified
by the previous solution, Where there is a conflict between the specifi-
cations of the long- and short-term plans, the latter should dominate.’*

There are further technical problems which must be surmounted in
preparing the series of linear programs. For example, activity analysis
as usually formulated permits no cross-hauling between regions. How-
ever, given geographic variations and the dispersion of resources, pro-
duction, and markets within regions, it may clearly be desirable for
regions to be both importers and exporters of particular commodities,
especially in areas near their borders. To some extent this can be
accommodated in the program by including subregions in the regional
set and arbitrarily differentiating certain otherwise homogeneous
goods.!? Another source of difficulty is the potential instability of pro-
gramming solutions; small changes in prices or resource availabilities
trigger large, rapid regional and compositional shifts in output. Such
occurrences can be averted by the introduction of lags and inertial
response constraints.

Even with its drawbacks, this programming methodology has several

* Except for the interaction with the long-range plan, the analysis at this stage
is essentially similar to that of Mitchell Harwitz in Chapter VIII. To obtain the
requisite intermediate-year values of the long-range plan for use at this stage,
some type of interpolation is needed; this probably will take an exponential form,

1 After successive iterations of the entire planning procedure, no such discrep-
ancies will exist, since the short-term solutions are utilized to realign the long-
range plan within the established set of goals.

It might also be noted that all regional planning need not necessarily take
place within the confines of a central planning group. Hierarchical decision mak-
ing, in which basic allocations (to industries and regions) are made at the na-
tional level, while the detailed planning is performed at the regional level, is
feasible and desirable when the regional geographic areas are large and the dis-
parity in thefr characteristics is great. It is essential, however, that there be feed-
back between the regional and national plans in order to ensure consistency and
optimization of overall objectives.
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critical -advantages over the static or dynamic Leontief input-output
technique (which is a simplified, special case of linear programming)
normally employed for near-term planning. While both techniques
fulfill the resource consistency requirements-check mentioned earlier,
input-output analysis does not optimize resource allocation because it
does not admit joint products, or alternative preduction processes with
variable mixes of labor and capital inputs, or a multiplicity of resource
types, or differential resource constraints. With its very restrictive
assumptions, the Leontief system is “locked” to an efficient static point
or dynamic path, even when other efficient programs may be feasible
and more socially desirable,s Clearly, the more general technique,
which provides both consistency and choice, is preferred for planning
purposes.

At this juncture, having programmed the near-term plans which de-
termine industry capacities and outputs by region, it is necessary to
fill in the details for those sectors that are to be the subject of govern-
ment intervention. That is, the plan for each industry is cast in general-
ized output and capacity terms which, to be operationally useful, must
be translated into discrete products, particular types of capacities, and
precise locations, For transport, this requires that the potential types
and volumes of traffic be moved from point to point, and the adequacy
of the facilities (basic and terminal) and operating equipment to carry
these loads, be ascertained. Projects may then be formulated to elim-
inate any capacity deficiencies. In these specifications, account should
be taken of the economic characteristics of different transport modes
(described by Richard Heflebower in Chapter 1II); current and future
technological possibilities (sce Wilfred Owen, Chapter IV); and a host
of design considerations (see Gary Fromm, Chapter V). Also, of course,
this planning should be done on the basis of a system—the entire trans-
port sector should be designed, not just particular facilities.

The cost-benefit evaluation of these prospective investments and the
determination as to whether they should actually be undertaken con-
stitutes the fourth stage in the planning process. Since the subject has
had considerable attention elsewhere and is discussed by Hans Adler
in Chapter IX, it need not be explored further here,¢

" For an excellent critique of linear programming as contrasted {o input-output
analysis, see R. Dorfman, P. A, Samuelson, and R, M. Solow, Linear Program-
ming and Economic Analysis (McGraw-Hill, 1958),

*An example of the application of these techniques may be found in Robert T.
Brown'’s analysis of the Chilean railroad decisions, Chapter XII,
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++The fifth stage of the planning process deals with elements that can-
not-be- formally introduced into these analyses.’® These are indirect
economic effects not yet taken into account, and social and political
factors that might limit the decisiveness with which the previous analy-
sis can be utilized in specifying projects and designing the long- and
near-term national plans. These elements must be identified, measured
to the extent feasible, and listed as addenda to the planning docu-
ments, As a result of combining these elements with the plan data, the
design of particular sectors will be modified. Regional allocations will
also have to be made, equating the demands for “fair shares” of the
development resources and product with the objective of maximizing
national income within a given time horizon. Fair shares here com-
prise not only the quantity of goods and services, but also their quality.
Thus, for example, the political as well as the economic demands for
transport must be considered. Maintaining bumpy, rutted roads in one
region while paving highways in all the others may be economically
desirable, but politically unrealistic. These are decisions not to be
dictated by the planners, however, but by the elected representatives
of the people.

Furthermore, before such a choice is presented to the executive and
the legislature, the planning process must be completed. This is the
function of the sixth and final planning stage. Two tasks must be ac-
complished: first, the various results of the previous stages and the
various sector plans must be made consistent; second, a set of alterna-
tive development programs must be prepared. Both of these functions
may be realized by iterating through the prior planning stages, making
marginal adjustments to assure consistency and alterations in the mix
and specification of goals and other allocations to yield the spectrum
of different optimal plans and plan subsets among which the politicians
will choose.!¢

The number of iterations required to achieve a reasonable set of

“This is particularly true for sectors, such as health and education, whose
outputs are not, for the most part, direct inputs to other sectors and which serve
to modify the distribution of welfare among segments of the population. In these
cases, the allocation of resources to their production is somewhat arbitrary and
depends, to a considerable degree, on the specification of goals and the political
process,

% Technically speaking, the aim in this process is to determine the efficiency
frontler set and its mapping to the horizon within the relevant range of the
soclal welfare function.
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significant alternatives (each one of which is internally consistent) can-
not, a priori, be specified in advance. Their magnitude will depend on
the detail and care with which the initial iteration has been under-
taken, the complexity of the economy in terms of the variability of
production possibilities, resource availabilities and geographic disper-
sion, and the importance of social and political considerations in rela-
tion to economic factors. In any event, the amount of effort involved is
likely to be substantial,

This, in and of itself, might create resistance to adopting a planning
procedure as extensive as that just outlined. Furthermore, it is often
true that nothing is so strongly opposed as that which is least under-
stood. To be sure, the proposed planning approach is complex, its
utilization would entail considerable efforts in data collection and
analysis, and its implementation would require the extremely scarce
talents of highly competent economists and engineers. The approach
is also imperfect because there will be data gaps and inaccuracies,
statistical problems of aggregation, a host of simplifying assumptions,
and a myriad of other difficulties. Yet alternative approaches (which,
of necessity, use the identical data) are even more dismal—not in their
methodologies, which are simple, but in their results.

Planning, as it is practiced in most underdeveloped countries today,
consists almost wholly of attempting to take desirable actions in the
short run, At times long- or intermediate-range goals are set forth;
there may even be a “five-year plan,” derived on an input-output basis.
Nevertheless, optimization of intermediate- or long-term objectives is
rarely practiced, and primary emphasis is placed on individual proj-
ects to meet immediate needs. As numerous examples have now shown,
such suboptimization can result in tremendous losses of development
opportunity. Project analysis is truly one of the cornerstones of effec-
tive planning, but, when emploved alone, it frequently leads to unsat-
isfactory consequences. It should therefore be supplemented by addi-
tional information and other techniques that provide long-run guide-
lines. This is the function that is claimed for the six-stage procedure.
Notwithstanding thie costs and imperfections of the procedure, it should
contribute to more intelligent decisions and greater national welfare
than present planning methods, not by supplanting but by comple-
menting project analysis.

Three groups of potential critics must be answered: (1) those elected
representatives and heads of government who claim that their preroga-
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tives’ of ‘establishing national economic policies are being usurped by
the planners; (2) those businessmen who believe that planning destroys
frée enterprise by restricting their actions and diminishing their profits;
and (3) those economists who believe that a maximum rate of increase
of Gross National Product is stimulated by inducing shortages or
excesses via the route of unbalanced growth, These reservations to
planning will be treated in turn.

The politicians’ fears are wholly unfounded, since they alone, in
most countries, are given the power to legislate and approve (or dis-
approve) programs and to appropriate funds. The planners exist to
fulfill a staff function, serving under their direction to assist them in
making better decisions.

The alarm of the business interests is also, for the most part, unneces-
sary, The purpose of planning is to achieve the greatest growth of real
per capita product consistent with other social welfare objectives. With
few exceptiors, private initiative, productive activity, and efficiency
are encouraged and assisted, because the planners’ goals require in-
creased production and higher absolute profits in all sectors. Toward
this end, infrastructure in the form of transport, power, housing, sew-
age, etc. is often provided; several countries also have granted tax con-
cessions for new plants. It is true, however, that planning includes a
careful review of the economy and therefore tends to focus attention
on certain aberrations and inequities that otherwise would be unde-
tected and uncorrected. Thus, exorbitant speculative returns from
landholding or the exploitation of minerals and other natural resources,
especially if foreign-owned, may be limited or prevented.

At times, too, a country’s development plans and policies may prove
restrictive to certain industries, particularly in pricing or capacity-
expansion decisions. In some instances, actions that would not volun-
tarily be undertaken by firms are compelled. Nevertheless, it should
be recalled that the development plan takes its form partially from
the anticipated actions of the private sector. Its aim is not central
dictation of decisions or control of activity in each microcosm, but
rather the achievement of a set of guidelines within which, hopefully,
income and ocutput will be maximized and economic losses—such as
undesired excess capacity—will be minimized. As these development
efforts bear fruit, internal markets will broaden and effective demand
within the country will increase, raising sales and profits. Firms that
enhance development should truly have little to fear and much to gain
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from planning; but firmis that hope to reap unjustified, undue windfall
or:monopoly returns at the expense of social welfare may experience
some difficulties, : S 3

These views seem even less extreme when it is recalled that nearly.
all industrialized countries employ some planning (and limit abusive
Practices) to guide their economic policies, Interestingly, none of these
countries has intentionally utilized the shortage-excess unbalanced
growth technique advocated by some economists.” The concept in-
volved in this process is the use of disequilibrium as a driving force
(e.g, by providing an excess or maintaining a shortage of transport
capacity), depending on private profit and public political pressures
(and also demonstration effects) stemming from external economies
and complementarities to induce additional investment and produc-
tion. Whether in fact suck disequilibria do generate sufficiently
strong incentives to bring about a greater increase in savings, capital
expenditures, and output under this type of unbalanced growth, as
contrasted to other forms of balanced or unbalanced growth, is un-
known, In any event, the validity of the programming methodology
previously described is not affected, since the sequence of induced
effects can be taken into account.® Nonetheless, this does require that
the proponents of induced unbalanced growth quantify their tech-
nique: without parameters, any consequences of lagged gaps between
desired and actual production are largely problematical.

Transport Investment Planning

Planning transport investment is a difficult task, whether it is an
integral part of comprehensive analyses of the type just outlined or it
is in the more traditional milieu of suboptimizing an individual sector.
The essays that follow describe some of the elements and problems
involved in achieving an ideal allocation of development resources to
transport,

Hans Heymann's essay focuses on the objectives of transportation in

"For example, A. O. Hirschman, The Strategy of Economic Development
(Yale University Press, 1958).

* Programming of the dynamic form presupposes no particular degree of bal. -
ance or imbalance. Nevertheless, given the changing goals, inertial or time lag

constraints, and initial disequilibrium conditions of “real world” situations, the -
planning solutions are likely to be of the unbalanced type. .
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‘economic:development and particularly cites the difficulties of choice
among different investments posed by noneconomic goals and effects.
The economic characteristics of alternative transport modes—econ-
‘omies’ of scale, capital intensity, flexibility, and so forth—which so
mirkedly influence the choice among transport investments are exam-
ined by Richard B. Hefiebower in Chapter IIL In the next chapter,
Wilfred Owen indicates the impact of technological change on methods
of transport and describes some of the future possibilities for lowering
movement costs and increasing mobility. :

Chapter V discusses the design of the transport sector for an
economic development plan and reveals some of the unique problems
confronted in preparing an investment program. Attaining maximal
economic development and balanced regional growth is the topic of
Louis Lefeber’s essay; he outlines a comprehensive, dynamic planning
model and discusses its implications for wage, pricing, regional, and
transportation policies. Holland Hunter’s review of transportation in
Soviet development which follows is testimony to the unfeasibility of
subverting efficient transport development in favor of fostering politi-
cal goals. He concludes that the application of regional linear pro-
gramming techniques of the type proposed by Mitchell Harwitz in
_Chapter VIII should enable currently developing countries, and the
U.S.S.R,, to plan and manage the development process with less cruelty
and waste of resources than in the past.

- Programming solutions alone, however, cannot be the guide to the
desirability of individual investments. Hans Adler’s chapter, therefore,
is devoted to a description of the method of cost-benefit evaluation as
a tool in establishing priorities for transport projects. The pricing policy
for the resulting transport services is a matter of some concern, since not
only does it affect the allocation of gains between different users, but
it ‘also may involve subsidies drawn from a government’s general
revenue sources. In Chapter X, James R. Nelson explores the implica-
tions of different pricing schemes and proposes a multi-part charging
~ scheme for obtaining full cost recovery. Pricing and financing of trans-
port are, of course, intimately related. Inadequate consideration of
financing requirements can have grave consequences for the availability
of public investment funds and the creation of inflationary pressures, a
suibject which is discussed by A. Robert Sadove and this writer in
Chapter XI. Finally, to illustrate the principles involved in project
evaluation, pricing, and financing of transport expenditures, Robert T.
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Brown's examination of the “railroad decision” in Chile is presented as
a case study. Mrs, Warden’s selected bibliography follows,

These brief, Preliminary excursions into various aspects of transport
investment and economic development provide far from definitive
answers to the many questions and problems of allocating ideal
amounts of resources to transport. Yet, it is hoped that the reader will
gain an appreciation of the broad, and some of the narrow, issues and
be stimulated to add to knowledge in the field.,



1

The Objéctives of Transportation

HANS HEYMANN, JR.®

ANY NATION, HIGHLY DEVELOPED or underdeveloped,
attempting to construct a national transportation system or to formu-
late a national transportation policy must come to grips with a most
difficult first question: what are the national purposes that the trans-
portation system is intended to serve? This at least should be the first
question. Unfortunately, it is hardly ever asked at all. But in trying to
make transportation decisions that fundamentally affect a nation’s life,
it is not enough to ask “how much?” and “where?” but also “what for?”
Toward what larger ends should the transportation system be designed?
The moment one asks that question one becomes aware of the painful
fact that a large, complex society invariably embraces a multiplicity of
conflicting objectives.

Incompatible Objectives

Transportation—the movement of goods and people—is hardly ever
desired for its own sake; it is merely a means to serve other objectives.
Some of these objectives are economic: to exploit natural resources,
to raise agricultural productivity, to increase industrial output, to en-
hance per capita consumption, and so forth. Side by side with these
are noneconomic objectives: to promote political cohesion, to
strengthen the country’s defenses, to bring about certain socially de-
sirable locational patterns, etc. Clearly, the economic and noneco-

* The RAND Corporation, Santa Monica, California, Any views expressed in
this paper are those of the author. They should not be interpreted as reflecting
the views of The RAND Corporation or the official opinion or policy of any of its
goverumental or private research sponsors.
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nomic objectives do not always pull in the same direction. Transporta-
tion decisions made to promote the national defense are likely to be in
conflict with, and might even contradict, decisions designed to promote
economic efficiency, The fact that transportation objectives are compet-
ing, incommensurate, and often incompatible with one another raises
a serious dilemma for the economist trying to develop an optimal
system.

Objectives of U.S. Transportation Policy

Does the United States have a transportation policy which reconciles
conflicting objectives? Two examples from recent U.S. experience help
answer the question. One is the President’s transportation message to
Congress of April 5, 1962, which attempts to spell out the objectives
of U.S, transportation policy in some detail:

The basic objectives of our nation’s transportation system must
be to assure the availability of the fast, safe and economical trans-
port services needed in a growing and changing economy to move
people and goods without waste or discrimination in response to
private and public demand at the lowest cost consistent with health,
convenience, national security and other broad public objectives,
Investment or capacity shoul'zl be neither substantially above nor
substantially below these requirements—for chronic excess capacictly
involves misuse of resources and lack of adequate capacity jeopard-
izes progress. The resources devoted to provision of transportation
service should be used in the most effective and efficient manner
possible and this in turn means that users of transport facilities
should be provided with incentives to use whatever form of trans-
portation provides them with the service they desire at the lowest
total cost both public and private. [Italics mine]

The emphasis in this statement of objectives is on economic efficiency
in the broad sense of the term, with a polite bow in the direction of
other “higher level” objectives, without admitting that the latter may
conflict with efficiency. In fairness, however, it should be pointed out
that the very purpose of the message was to underline the efficiency
considerations in order to bring greater rationality to our muddled
transportation policies.

A more dramatic example is provided by the formulation of objec-
tives in the recent White House statement on International Air Trans-
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port Agolicy,’issued on April 24, 1063: -

" 'To develop and maintain an expanding, economically and tech-
“nologically efficient international air transport system best adapted
to"the growing needs of the Free World, and to assure the inter-
mational air carriers of the United States a fair and equal oppor-
‘tunity to compete in world aviation markets so as to maintain and
further develop an economically viable service network wherever
a substantial need for air transportation develops. [Italics mine]

This statement makes no concessions at all in the direction of non-
economic objectives, such as the strengthening of national security,
the furtherance of certain foreign policy aims, enhancement of national
prestige, and a host of other high-level national purposes that could be
served by international air transport and that would almost certainly
come into conflict with the norm of efficiency.

How do we explain this shying away from the existence of incom-
patible objectives in transportation policy? There are at least two
explanations. There is first of all a belief that where transportation is
concerned a hierarchy of objectives can be established—that it is pos-
sible to rank the national purposes according to the degree and quality
of the impact that transportation can have on these purposes. In a
highly developed economy like the United States, with a predom-
inantly privately owned and operated transport system, it is probably
true that the economic criteria are most relevant, that some non-
economic goals are automatically met by following them, and that
other noneconomic objectives can somehow be accommodated as ex-
ceptions or special departures from the optimal system. By putting
economic considerations first, we think we can avoid the dilemma that
arises from the fact that there is no single optimum transportation sys-
tem that would satisfy all of the diverse purposes simultaneously.

But there is also a second reason, inherent in the economist’s special
interest in efficient resource allocation and in the limitations of his
special skill. The theoretically minded transport economist, eagerly in
pursuit of an optimum, is attracted by the clarity and precision of his
equilibrium theory which gives him a formula for allocating resources
5o as to achieve an optimum transport system. According to the rules,
he does this by equating the ratio of marginal value product to mar-
ginal cost for each transport mode and, indeed, for every producing
unit in the economy. The fact that the market mechanism in the real
world does not lead automatically to the perfect competitive solution
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can always be taken care of, it is hoped, by regulatory intervention,
Not that this is easy, but it is at least something that the economist can
grapple with. The moment noneconomic objectives which are incon-
sistent with these solutions are introduced, however, the contradictions
become unmanageable and the economist's prescriptions based on
market values break down.

The Role of Economic Analysis

Economics deals primarily with the logic of the allocative process—
it tells us how to choose but not what to choose. It provides no magic
formula for choosing the right objective or complex of objectives. The
economist is at his best in finding the most efficient or the least-cost
method of achieving a simple and well-defined objective.

For example, he would do very well in answering a question such
as: what is the least-money cost combination of transportation invest-
ments that will increase coal deliveries from the northeast Indian coal
mines to the Port of Calcutta by 10 percent per annum? This is a
simple means ad problem, in which the objective, the means, and the
criterion are ciearly stated. The objective is to achieve a specified in-
crease in delivered output; the means, investment in transportation;
and the criterion, least-cost. While there may be many different ways
of measuring “least-cost,” the selection of a minimum money-cost
method of producing a given output is at least a familiar problem.

Limitations of Economic Analysis

The task, however, becomes much more difficult when the economist
is confronted with a complex set of objectives many of which may not
be quantifiable and where the utility trade-offs among them cannot be
clearly specified. For example, the economist might have difficulty in
tackling a question such as: how should India’s $100 million transporta-
tion budget be allocated among the various transport modes so as to
maximize India’s national growth? Clearly, “national growth” is not a
single output, but a combination of goals, most of which are not
measurable. It is a general goal that includes a long list of independent
subgoals, including increases in real per capita consumption, social
cohesion, political stability, “the good life,” and much else. If these
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intangibles could be quantified and placed on a pseudo-market basis,
an “efficient” solution could still be found. But unfortunately they can-
not be so quantified. Often economists make the simplifying assump-
tion that “national growth” is adequately measured by the rate of
growth of Gross National Product or some similar quantifiable factor
and proceed to maximize that. But this is little more than an evasion
of the issue, which is that the choice-of-objectives problem is not very
congenial to the economist’s tool kit. The fundamental problem is
choosing the appropriate mixture of goals and, since most of these
goals involve individual or community values, it is best to acknowledge
that these are matters about which subjective decisions have to be
made.

The transport economist must recognize that the choice among
alternative national transport systems fundamentally affects and in
part determines the nation’s development path and its strategy for
growth. This is not an economic efficiency problem but a high-level
policy decision to which no single criterion is appropriate. Decisions
aimed at “maximizing national growth” are bound to be somewhat
intuitive and based on the faith that certain objectives are of a greater
order of importance than others.

Usefulness of Economic Analysis

Recognizing that economics holds no magic for choosing a strategy
for “national growth” is not the same thing as saying that economic
analysis has no role in this choice. On the contrary, it has a very special
and useful role. It can fulfill the important function of providing the
decision maker with the terms of exchange, or trade-offs, among dif-
ferent objectives, so that he can better choose among the possibilities
open to him on the basis of his own utility pattern or of the commu-
nity’s system of preferences. By providing such trade-offs, the economist
can clarify, though not resolve, the community’s question of how much
of one goal it should be willing to trade to obtain more of another.
While systematic analysis cannot select a single best transport system,
it can present the relevant data on the costs and benefits of different
transport systems that will achieve different combinations of objec-
tives. These costs and benefits are useful factors in the decision, but
do not in themselves supply the answer. The rational decision-
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maker surely would be ill advised to make his strategic choice on the
basis purely of a least-cost consideration.

The transportation planner, seeking to maximize his nation’s growth,
would hardly be rational if he chose an inland waterway system over a
highway system purely on the grounds that the former could perform
the required transportation functions at lower cost. This would make
little more sense than if a doctor, seeking to correct the effects of
ill-health and stunted growth in an undernourished child, prescribed
a particular vitamin instead of a balanced diet because the vitamin
costs less. In both cases one must determine the meaning of “growth”
and “health” and recognize all of the ingredients that constitute
“growth” and “health.” And the problem is one of understanding the
organic relationship between the means and the end—between trans-
port and growth, between food and health—and, finally, of selecting
one combination of ends, one pattern of results, over another.

The economist, confronted with choice-of-objectives questions, is
exposed to at least three temptations: (1) The temptation to lose sight
of the distinction between choosing a strategy and obtaining efficiency.
The risk here is that when development strategy is under considera-
tion he will proceed in search of a “scientific” answer and act as if
there were no large and irreducible element of subjective judgment in-
volved in his choice of ends. (2) The tendency to make decisions that
are justified mainly because they are supported by numbers. It is well
to remember that estimates of trade-offs or of exchange ratios, can be
made only on the side of costs; they cannot be made on the side of
objectives. Utility maps exist only in the textbooks. Lack of quantita-
tive guidance is a permanent condition with which the transport
economist must learn to live. (3) The temptation to ignore the intan-
gibles and the complexities of the real world, to exclude important
insights, and to oversimplify complicated reality. The objectives of a
society will always be vague and incommensurable, the course of de-
velopment uncertain, and the hope of providing a precise model un-
likely to be realized.

In short, economic analysis can be very important in large national
transportation decisions; but its role does not lie mainly in the appli-
cation of high-powered mathematical techniques that might be appro-
priate to economic efficiency questions. Its contribution should be in
the form of formulating a problem logically, and of providing relevant
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' information'on- the productivity and. cost of various systems so that it
will be easier to make subjective decisions.

Roleof Economic Analysis in Developing Countries

“The points in the preceding section are particularly important for
decisions in the less developed countries where the logical ordering of
problems, the systematic examination of alternatives, are among the
more important functions that the economist can perform. He can use
his skill most effectively by illuminating choices open to the corm-
munity; by formulating and portraying alternative future paths that
could be followed and by clarifying both the cost and the value im-
plications of choosing one or another of these paths. Most developing
countries are in need of help in this area. For, as Max F. Millikan
points out,' one notable fact about the developing countries is that
their systems of preference are still relatively unformed and in a state
of rapid flux. There is a kind of circularity here, since economic de-
velopment demands a radical change in the motives, attitudes, and
values of the community. When the economist illuminates choices, he
can affect the evolution of these values, not by imposing his own
preferences upon the society but by broadening the society’s under-
standing of these choices. By and large, people in transitional societies
have a limited conception of the options open to them for future pat-
terns of life, both as individuals and as communities. What in-
dividuals want is related to what their experience tells them is pos-
sible. The economist’s efforts can broaden, or narrow, the perception
of alternatives open to them.

This point is of particular importance to the transportation planner.
For transportation decisions have an enormous potential impact on the
quality and character of community life and on the locational pattern
of economic activity. It would be a serious error for the transportation
planner to accept the community’s current objectives and values as
given and to try to build an optimal transportation system to match
them. It would be an error because the goals will almost certainly be
fundamentally changed by the social transformation that goes with

*Millikan, “Criteria for Decision-Making in Economic Planning,” Science,
Technology, and Development, Vol. VIII, U. S. papers prepared for the U.N,
Conference on the Application of Science and Technology for the Benefit of the
Less Developed Areas (U, S. Government Printing Office, 1963), pp. 28 .
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growth and by the very transportation path that will be followed.
Instead, the transportation planner should attempt to present to the
community a range of feasible and reasonably efficient alternatives.
He should show for each alternative the consequences (to the extent
they can be foreseen) for their future welfare and their way of life if
the community were to pursue that alternative consistently.

This will not be easy, but it need not be a highly rigorous undertak-
ing initially. The economist can make good use of his skill in applying
cost and efficiency criteria to the discovery of optimal systems. In this
way the locational decisions inherent in transportation development
can be made in greater awareness of their purely economic conse-
quences and, at the same time, in a fashion which will stimulate the
clarification of goals.

Past Performance in the Developed World

If the economist hopes to contribute to the clarification of a society’s
goals, it may be well to ask whether, in the field of transportation
planning, the economist has in fact shown a perception of changing
social values in the more highly developed societies. Unfortunately,
even the economic history of the United States suggests that the
economist’s performance has been less than inspired. Transportation
decisions in the United States have been marked more by irrationality,
waste, and insensitivity to social values than by a sophisticated con-
sideration of alternatives.

Urban Transportation

In the Washington metropolitan area there are today no less than
seventeen agencies concerned with urban transportation, Each of these
agencies has some say on the direction that transportation development
should take in this important urban area. Of the numerous plans that
have been publicly submitted, however, none offers a systematic
presentation of alternatives for public discussion. None appears to
recognize explicitly the enormous unce.tainty and abysmal ignorance
about changing community values and consumer preferences. The
plans typically serve up ingenious and elaborate schemes for public
transportation systems on the ground that these are more efficient than
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Pprivate  transportation. However, the planners cannot really be sure
that the urban twentieth century American really wants public trans-
portation. Most urban transport planning seems to be little more than
a mechanical process of projecting into the indefinite future various
indices of traffic growth, locational changes, and population growth.
The authorities seem to assume that the forces which have shaped
urban transport development in the past will simply continne un-
changed into the indefinite future. Surely, in order to anticipate the
future development of urban society, they should be taking a much
harder look at the changing locational patterns of industry and at the
changing preferences of consumers. Then they might find that, pre-
cisely because of the excellent access and mobility provided by our
existing transportation system and because of changes in industries’
factor proportions, enterprises are becoming more dispersed. They are
locating themselves closer to their now highly diffused markets rather
than to their sources of supply. The planners might also find that
personal services occupy a growing share in the product mix of the
economy. All this means that employment patterns are likely to be-
come much more highly dispersed and journey-to-work patterns cor-
respondingly more complex and intricate.?

A close look at people’s desires suggests that with rising real per
capita incomes most Americans want higher quality in their transpor-
tation systems. They are willing to pay a substantial premium for
privacy, flexibility, and timesaving. (On the other hand they might
think twice about this if each individual had to bear his share of the
full social costs overtlyl) This raises the interesting question of how
much cheaper a public transportation system would have to be to
induce people to give up privacy and flexibility. Similarly, increasing
homeownership and growing preferences for recreational and cultural
activities will almost certainly alter the location and time pattern of
transportation demands. Whether or not these changes will be large
enough to stop the relentlessly rising cost of combating congestion is
not easy to predict, but these are the kinds of changes that will deeply
affect the success of future transportation systems. So far, however,
transportation planners in the most highly developed countries have
paid relatively little attention to these matters. This does not augur
well for our ability to guide and enlighten the less developed coun-

*Charles J. Zwick, The Demand for Transporiation Services in a Growing
Economy (The RAND Corporation, P-2682, December 1962).
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tries where social and economic changes of the most fundamental sort
greatly complicate the task of transportation planning.

Performance in a Planned Society

It might be argued that the deficiencies in transportation planning in
the United States are the problems of a market-oriented society that
has not developed the habits and techniques of broad national
planning. Surely, in a centrally planned economy, transportation and
locational choices can be made much more deliberately and con-
sistently, There may well be some validity in this view, but in at least
one country, the Soviet Union, experience does mot bear out the
hypothesis that transportation planners in centralized economies dis-
play a much higher order of sophistication and insight.

The Soviet case provides an excellent example of the frustration of
policy engendered by the pursuit of contradictory objectives. Soviet
objectives, both economic and political, are stated explicitly. Observers
are thus able to examine the extent to which they have been met.*

In regard to the location of economic activity, the Soviets embraced
three major political objectives:

1. The first objective was to redress the “unevenness” of economic
development that had been inherited from the prerevolutionary capi-
talist era, in which the center (European Russia) had waxed fat, while
the provinces had been exploited. Their first injunction therefore was
to locate economic activity “more evenly.”

2. The second related objective was to raise the proportion of
output coming from the formerly neglected and culturally backward
regions of the country.

3. And the third, associated with the doctrinal principle of
autarky, was to rupture the Russian economy’s links with the world
economy and to enhance the country’s safety from invasion.

All three objectives point to a strong drive to shift the economic
center of gravity away from European Russia tu the eastern and under-
developed parts of the country. Was such a shift actually accomplished?

The record of Soviet development shows that the eastward move-
ment, in fact, proceeded extremely slowly and that the old centers of
European Russia continued to receive, as they do to this day, more

* Holland Hunter, Soviet Transportation Policy (Harvard University Press, 1957),
pp. 21-38, Chapter 5.



I 'OBJECTIVES OF TRANSPORTATION .
‘attention- and investment resources than the outlying regions. The ex-
planation is that; side by side with the three political objectives that
have been described, the Soviet leadership embraced two economic
objectives that pulled them unwittingly in the opposite direction.
Orie was the determination to secure the benefits of economies of scale
in:production, which meant that very large production units had to
be located in densely populated regions if transport costs were to be kept
‘within reason. The other was the well-known objective of maximum
tempo of development, the policy of forced industrialization. The Soviet
planners soon discovered that much larger increments of output could
be obtained by expanding the capacity of the established centers than
by developing new centers from scratch. The established centers

* yielded more rapid growth in production at lower cost than invest-
ments in new plants in underdeveloped regions. The Soviet discovery
merely confirms the fact, well known in the West, that speed of de-
velopment and dispersion of economic activity are inversely correlated.
. Soviet location and transportation decisions were further distorted
by the persistent determination of the planners to minimize the de-
mand for transportation. The Soviets have had, from the outset, strong
doctrinal and rational preferences for keeping investment in trans-
portation to a minimum, so as to plow ali possible resources into
more directly productive or form-changing activity. However, the
Tlocational policies that were actually adopted, far from reducing the
demand for transportation, began, as early as the 1930’s, to generate
very large traffic flows. To this day, the effort to hold down the
demand for transportation is a stubborn preoccupation of the Soviet
planning community,

The rigid insistence that transportation investment shall be held
down has imposed and continues to impose significant locational in-
efficiencies and other socially costly choices on the Soviet econamy.
For example, Soviet pricing policy has persistently sought to force
cargoes off the overburdenrd railroads and onto inefficient waterways.
The location of industrial plants and the location of workers’ housing
near industrial plants are often motivated by the desire to economize
on transportation rather than by broader economic and social considera-
tions. The practice of subsidizing certain shipments to redirect haulage

from distant rich-ore areas to nearby poor-ore areas is another eco-
nomic irrationality imposed by transport stringencies. In short, the
Soviet experience can hardly be held up as a model for those seeking
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an- answer-to the problem of ‘responding rationally.and “consistently

‘to: thy' existence of. conflicting objectives, and certainly not ‘for- those
‘hopeful of efficiently limiting the demand for transportation: Trans- - -
port demand was ultimately held down, but at an-econdmic and
social cost that hardly recommends Soviet policy for emulation,

Relative Importance of Transportation -

+The discussion thus far has dealt largely with the subject of overall
transport objectives and goals. It has pointed up their multiple and
conflicting nature, the need to distinguish choice-of-objectives prob-
lems from efficiency problems, the importance of broadening a society’s
perception of alternative goals and values, and the rather unimpressive
record of economists and planners in dealing with these issues. I turn
now to the more specific problem of transport objectives in economic
development, having in mind the earlier point that investments in
transportation are made not for their own sake but as a means to
larger ends. How good is transportation as a means to the broader goal
of economic development?

- There seems to be a widespread faith in the United States that there
is some magic in transportation, that it is of fundamental importance
in a growing society, and that it acts as a development catalyst. The
assumption is often made that an enlarged availability of transporta-
tion is an essential precondition for economic development in most
low-income societies. Since it is so difficult to evaluate objectively how
much investment in transport infrastructure is indicated in any given
situation, there is a tendency to be profligate and wasteful in this
field. Unfortunately, in practice, the question of “how much transpor-
tation?” cannot be answered on the basis of any objective principle,
It is no easier to cut a rational transportation slice out of the national
pie than it is to cut a defense slice or a public education slice. The
overall choice of the quantity of resources to allocate to trans-
portation can be made only as a reflection of the affirmative decisions
concerning numerous individual transport projects. The choice is not a
single decision based on a rule of thumb or in answer to the global
question of how important transportation is in toto. The decision on
total resource allocation to transportation must emerge as a result of
evaluating individuelly, and in combination, the various transportation
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“ uses:to which resources' can be put in. the quest for economic growth.
 ii:However, a close look at the overall resource claim of the transporta-
- tion sector in the developing countries reveals that it is very large. In -
“most of these. countries, transportation regularly consumes anywhere
from one-third to two-thirds of all available public investment funds.
The International Bank for Reconstruction and Development (IBRD)
has allocated about 40 percent of all of its loans to the transportation
sector—certainly a resounding vote of confidence in the propitiatory
qualities of transportation. Perhaps, as Albert Hirschman points out,
one reason why Western development planners have been particularly
attracted to the transportation sector is that it is a “safe” field of invest-
ment. Development planning is risky, and there is a real attraction to
investing in ventures such as transport that cannot be proven wrong
before they are started and that are not easy to prove to have been
_obvious failures.*
* - But in a more serious vein, another explanation for this heavy stress
on transportation is the view that it represents a kind of diversified
investment in the general growth of an economy and the associated
belief that it not only permits but calls forth directly productive ac-
tivity through its dynamic impact. But is such a belief really warranted?
Can transportation create new tradition-breaking activities? Undoubt-
edly transportation affects the course of economic development very
strongly, but whether it is able to call forth other economic activities
is doubtful at best. .

Transportation and U.S. Development

. Perhaps some of this faith in the dynamic qualities of transportation
stems from a misreading of the history of transportation development
in'the United States—that it was the canals and railroads that “opened
up the West.” One need not detract from the drama of the Erie Canal
and the relentless march of the railways across the continent; but one
might question the thesis that transportation brought about the eco-
nomic. development of the West. The great migration in the United
States ‘was set in motion by the golden opportunities, the powerful
attractions of the West: the vision of denser forests, richer mines, wider
fields, and busier towns that pulled the trapper, the lumberman, the

"4 Albert O, Hirschman, The Stratagy of Economic Development (Yale University
Press, 1958), p 84, .
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miner, the farmer, and the cattleman irresistibly westward. The mi-
grants were also helped along by the element of push, the dissatisfac-
tions and dislocations in the areas from which they migrated. The men
who provided'land transportation by building the railways merely
responded to the economic opportunity, admittedly enhanced by the
government’s land grant policies. Their aim was not to develop the
hinterland but to make a quick fortune for themselves, In the process
they contributed importantly to the rate of change, to the pace of the
migration. They also determined the paths along which it flowed, and
in this way helped to shape the regional distribution of economic ac-
tivity. Thus the new transport links exerted strong locational attrac-
tions along the length of their routes. But they did not create the
underlying motivations. The real thrust of the nation’s westward de-
velopment clearly was rooted in powerful economic and social forces
that were quite independent of, and exogenous to, the transportation
industry.

Developmental Impact in Underdeveloped Countries

The case should not be overstated. Obviously some transport invest-
ment which provides access to an area is indispensable before other
economic activities can unfold there. Also, as was pointed out, a trans-
port link, once established and used productively, will have important
locational attractions. But there is no evidence that endowing a country
with highway or rail transportation will ensure that new industrial or
agricultural activity will result. Nor is there any real indication that it
is the inadequacy of transportation that constitutes the key bottleneck
in the growth of underdeveloped countries. Apparently the expansion
of transport capacity is permissive: it allows a dynamic developing
situation to work its way, and it can reinforce motivations that already
exist. The degree to which transportation creates or compels new ac-
tivity will surely depend upon the existence of other conditions within
the economy: the quality of its .administrative structure and social
order, the character and drive of its educational system, the nature of
legal and property relationships, and all the other dimensions of a
nation’s “propensity to grow.” Where these qualities are deficient, no
amount of transport investment will be likely to create an economy-
wide dynamism. _

The thought that our past transport development policies may have
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'been based too largely.on faith has begun:to spread:among Western
'economxsts. Recent economic surveys in a number of countries suggest
that transportation may have received an excessive share of total in-
vestments, and some concern is now expressed. over the high cost of
providing mobility in the capital-poor countries. Efforts are being made
to.discover new ways of limiting investment in transporiation and of
lowering transport costs. These efforts are aimed most prominently at
two areas—reducing the demand for transportation and utilizing more
advanced technology. Some of the interesting possibilities in these two
areas have been explored by Martin Meyerson and Wilfred Owen.®
But if one of the objectives of transportation in economic development
is that of economic efficiency, it may be well to insert a note of caution:
a too enthusiastic attempt to limit the demand for transportation and
an overly energetic pursuit of new technology could essily lead to un-
happy results.

Reducing the demand for transportation may mean better land-use
planning, efforts to reduce peak loads, and attempts to introduce effi-
cient substitutions, such as the transmission of electric power for the
transportation of coal. Such measures could result in important econ-
omies, provided an overall efficiency calculus in fact justified them. But
if it means shifting the burden of transport costs to other economic ac-
tivities or to consumers by imposing locational or other inefficiencies
upon them, it would simply be a case of transferring costs from one
sector to another, and no net gain would accrue,

* Similarly, in the field of new technology, if the concern is to find
more efficient transport vehicles or power sources adapted to the special
environments of the developing countries, then important benefits may
be gained. But if the pursuit of technology is motivated merely by wor-
ship of novelty, by a passion for discovering ever more glamorous
propulsion systems, exotic fuels, and esoteric-effects machines, the
economic benefits to the developing countries could turn out to be
negative, In transportation, as in all other fields bearing on economic
development, one quickly discovers that there are no short cuts and
there is no magic.

s Martin Meyerson, “Strategy Planning for Transportation and Economic De-
velopment, and Wilfred Owen, “Transport Technology and Economic Develop-
ment,” in Transportation, Vol. V, U.S. papers prepared for the U.N. Conference

on the Application of Science and Technology for the Benefit of the Less De-
veloped Areas (U.S. Government Printing Office, 1963), pp. 5-13, 14-22.



HANS HEYMANN, JR. 33

Conclusions

Transportation in any society serves a variety of conflicting and in-
commensurable objectives. The selection of a national transportation
system implies a choice among these goals. Such a choice cannot be
approached as a straightforward economic efficiency problem; it con-
stitutes a high-level policy decision. The economist can best contribute
to this policy decision by offering up his transportation plans as a
range of feasible transportation alternatives together with a prognosis
of some of their foreseeable social implications. In this way he may
help the community to broaden its own perception of its goals and
values.

On the other hand, the past performance of economists and planners
in this sphere, both in the market-oriented West and in the centrally
planned East, has been less than inspired. Finally, the validity of a
widely held faith that transportation stimulates new productive ac-
tivity is questioned. Where a nation is deficient in the factors conducive
to growth, no amount of transport investment will create the economic
dynamism that is so ardently desired.



III

Characteristics of Transport Modes

RICHARD B. HEFLEBOWER®

IN THIS LATTER PART OF THE TWENTIETH CENTURY,
ways of moving people or commodities over space are almost as varied
as are the reasons for movement. The methods range in technology
from head-carrying or pack animal to (in the near future) supersonic
jet aircraft. In degree of specialization, they vary from the pipeline or
high-tension electric power line to the railroad that can carry anything
anywhere track is laid, The five major traffic modes to be considered
here—rail, water, road or highway, air, and pipeline—differ widely. They
differ one to another and within each mode in speed, capacity, adapta-
bility, and investment cost.

A transport investment decision involves, therefore, the choice among
transport modes made in light of the economic-technological character-
istics of each mode and its adaptability to the types and volume of
expected traffic. Also required is a study of the handicaps, or aids, that
nature offers that affect the cost of construction and operation of par-
ticular transport modes. Because decisions must give weight to alter-
native uses of the limited capital and foreign exchange available, the
fact that modes differ significantly in investment per mile of rcute
acquires unusual significance.

Applying the standard of optimal uses of resources becomes es-
pecially complicated when the desirability of investment in one trans-
port mode rather than another is being evaluated. All nonspecialized
modes have some capacity end traffic-handling characteristics to serve
many production processes in a given economy. But a specific estimate
of the efficiency added to a particular production process by the
agency that hauls the materials used in, or the produects of, that process
is difficult to make, because it is vitiated by the high proportion of

® Northwestern University.
34
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joint and common costs. The fact that transport can be a direct con-
sumer service also adds to evaluation difficulties; railroads, for ex-
ample, use the same fixed facilities and some of the same operating
equipment for both passenger service and freight service, To simplify
the analysis here, passenger transport will be disregarded and for
commodity hauling the simple index of “ton-miles” (number of tons
hauled per mile of route) will be adopted.

Nonspecialized forms of transport can also yield indirect economic
and socio-political benefits. These gains (detailed in other essays in this
volume) result usually because excess capacity is virtually inherent in
the basic facilities of most transport modes. Availability of transport
may, for instance, stir a population’s entrepreneurial capacities to de-
velop operations complementary to transport or made possible by it.
The movement of people and goods tends to weld localities into larger
economic and more viable political units. But the extent and character
of such indirect benefits are often tenuous.

This fact, combined with the ambiguity, noted before, of transport's
specific contribution to the efficiency of particular production processes,
underscores the uncertainty of social returns from transport investment.
The uncertainty is even more apparent when part of the investment is
“sunk” in facilities that are physically fixed to the land—river improve-
ment, road construction, and so on—that are not recoverable except by
successful use in the particular activity.:

Putting all these considerations together, an uncertainty deduction
should be made from the expected rate of return on the transport in-
vestment before comparison is made with potential returns from other
uses of capital. As will be discussed later, the significance of uncer-
tainty about the rate of use of transport capacity can be mitigated to
some extent if it is feasible to build lower-capacity (which usually also
means lower quality) facilities at first, and to add capacity later if
needed. But any way one looks at the investment decision, the uncer-
tainty of future traffic makes less attractive, all other things being
equal, the types of transport that offer high potential economies of
scale, for they usually require correspondingly high investment per
mile.

*For a concise discussion of direct and soclal benefits, and an application of
these concepts in the study of highway investment in a specific country, see A

Long Range Transportation Plan for Argenting (Transport Planning Group, Min-
istry of Public Works and Services, Buenos Alres, 1962), Appendix II, pp. 3-8.
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s In the pages that follow, the major topics to be considered are: the
transport plant; the length of investment planning periods; the gen-
eral'.character of transport cost functions; cost beliavior of various
forms of transport with particular reference to economies of scale; the
adaptability of various types of carriers to different kinds of traffic situ-
ations; some influences affecting multi-mode transport systems; and,
finally, external benefits to be expected from certain transport modes.

Charactenstlcs of the Transport Plant

The theoretlcal concepts that are commonly used when analyzing in-
vestment and cost functions of the manufacturing industries can also
be applied to the transport industries, but they need adaptation. A
manufacturing plant changes the form of materials and does it usually
on one site; the essence of transport is to move materials from one site
to another. In manufacturing, the long-life facilities are the buildings
that protect equipment and personnel from the elements. Except for
terminal facilities, the long-life facilities of transport are the means
(other than in air transport) by which operating equipment moves over
space, and these facilities often represent the major investment.

~Such concepts as “plant” and “economies of plant scale” can be more
readily adapted if a distinction is made between physical assets of the
“basic facilities” and those usually denated as “operating equipment.”
Basic facilities are the pathways over which movement between points
of origin and destination occurs plus the immovable terminal facilities:
for railroads—right-of-ways, trackage, and stations and yards; for in-
land waterways—channels, locks, and docks; for road transport—one-
way dirt tracks to superhighways; for airlines—airports and air traffic
control facilities. Operating equipment includes the vehicles or vessels
that move on, or otherwise use, the basic facilities. (This distinction
is not meaningful for pipelines or electric transmission lines.) In gen-
eral, basic facilities are longer lived and less flexible in use than operat-
ing equipment.

Indeed, a large part of the investment in basic facilities is “sunk,”
or recoverable only from revenues (or from social benefits not reflected
in revenues) in excess of shorter-period variable costs, Except for termi-
nal buildings, rarely can basic facilities be diverted to other uses or
sold at values (above removal costs) comparable to the net investment
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in them. Investment in operating equipment is more certain to be re-
covered for it can be shifted from one location to another, or can be
sold for use in distant places.

- Also related to the above distinction is that it is often feasible for
basic facilities to have one ownership and operating equipment an-
other. Public investment often provides the former, while the latter is
privately owned. Sometimes transport operating equipment is owned
by the shipper of goods and is denoted “private carriage,” as distinct
from “for hire” carriage. Private carriage means that the shipper’s
business—whether crude material production, manufacturing, or trad-
ing operation—is vertically integrated with the operating equipment
part of the transport industry. Although, under such ownership ar-
rangements, it is not difficult to conceptualize the costs and benefits
of a transport mode, it is hard to measure total social costs.

Basic facilities have two dimensions of capacity for transport service
of a given quality: capacity per mile of route and the length of route
provided. The former dimension is much affected by the speed at which
movement can occur; for example, more vehicles of a given weight
can pass over a route in a day if movement is at 50 miles per hour than
at 30. Speed also affects the quality of the service from the viewpoint
of the shipper. At this point, speed will be considered an element of
capacity but quality of service as such and length of route will be as-
sumed to be constant.

But ton-mile cost behavior is also intimately bound up with length
of haul as well as with capacity per mile, largely through differences
in cost of terminal operations of different transport modes. The facili-
ties used and costs are those of getting the shipments under way and
of handling them when they reach their destination. For example,
vehicles, or vessels, must be loaded and unloaded, and shipments must
be billed; in railroading, cars must be switched and trains formed and
broken. These facilities and equipment and costs are distinguished for
analytical purposes from those involved in ‘line haul” movement be-
tween areas of origin and destination of shipments.

The Long and Intermediate Periods

The life of the basic facilities is as long as the transport mode is used
over a given route, The foundation of the basic facilities, the right-of-
way, is permanent; rivers remain; the land that forms the pathway of
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the highway: or railroad exists.* Additions- to this right-of-way in the
form of roadbed and surface, or railroad track, or the channel and
locks of a river, tend to be permanent. Capacity changes are ordinarily
a-“orie-way street”; they can be increased but are not often decreased
(except by lack of maintenance) as long as the transport mode is used
at all on a given route. Ahandonment occurs only when there is a
change in traffic routing or another form of transport becomes so ad-
vantageous that short-term variable costs cannot be covered.®

On the other hand, the effective use life of operating equipment is
measured in years, or at most a few decades. Furthermore, capacity
can be added, shifted, or reduced in small increments by purchase, re-
location, or sale, respectively.

For these reasons, it is convenient when examining cost functions in
the transport industries to identify three “length-of-time periods” or
“runs.” The “long run” when all costs become variable is of little rele-
vance once the investment in basic facilities is made, but it is the
fundamental consideration before the commitment of capital. Because
the amount of operating equipment used in connection with basic
facilities of given capacity can be changed in a much shorter period of
time and in either direction, much attention is given below to the “in-
termediate run.” There is, of course, a “short run” during which the
quantity of basic facilities and of operating equipment is fixed, but
such a period is of only incidental interest here. The concern is with
investment decisions, and the relevant cost functions are of the inter-
mediate- and long-run planning sorts.

Interrelations Among Cost Functions for Different Periods

The general character of the relation between volume of traffic and
costs per ton-mile is illustrated in Figure III-1. At this point each
specific route is considered separately and its cost-quantity relationships
examined. This is a necessary step before considering a transport sys-
tem made up of interconnected routes of quite different traffic densi-
ties, often served by different transport modes. What is shown first are

*The United States Bureau of Internal Revenue has ruled that a railroad
tunnel is a permanent, nondepreciable asset. The track through the tunnel is
depreciable, however.

*One can find exceptions to the fixity of investment in basic facilities. Obviously
a double track can be reduced to a single track. Railroad right-of-ways and high-
ways are straightened. But these are minor and infrequent occurrences compared
to the usual fxity of basic facility investment.
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the effects on costs on a specific route of different combinations of basic
facility capacity and amounts of operating equipment,

For_each capacity of basic facilities, greater or lesser economies of
scale are obtained according to whether mors or less operating equip-
ment is required by the traffic volume. In turn, these volume and cost
relationships are portrayed for each of three sets of basic facilities each
of which has markedly different capacity with the corresponding
amount of operating equipment,

The curves on the chart are hypothetical, Although they are not
based on operating data or on the estimates of engineers, they have
been drawn with railroad transport in mind. In that industry, for a

Ficure I1I-1. Transport Costs for Different Periods and Capacities*
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* Assuming fixed length of haul,

given capacity of basic facilities, there is an optimal number of cars
and locomotives whose use will result in lowest cost per ton-mile. In
turn, each amount of operating equipment during the period of its
commitment to a particular railroad can be underutilized, utilized to
capacity, or overutilized. Corresponding to these differing amounts of
operating equipment, there are optimal quantities of short-period in-
puts required to use the equipment most efficiently. If less or more
short-period inputs were used, costs per ton-mile would be sharply
higher. To illustrate these points about each of the three periods—the
long, the intermediate, and the short—the corresponding curves are
drawn on Figure III-1,

Each of the three curves labeled BAC shows the behavior of total cost
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per ton-mile for different volumes as it is affected by the capacity of the
basic facilities, For a railroad, for example, capacity of the line-haul
basic facilities is determined by the quality of the grading, the number
of “sleepers” or “ties,” the ballast, the weight of the rails, strength of
bridges, and whether a single track line is equipped with electronic con-
trols or whether the line is double track. Each BAC curve reflects the
potential cost per ton mile of basic facilities of particular capacity when
used with varying amounts of equipment and short period inputs to haul
different volumes of traffic. More importantly for an investment decision,
such curves indicate the analysis necessary to decide upon the capacity
of basic facilities to install. Parenthetically, it should be observed that
no one of these curves is a true long-run average cost curve (or LAC
curve) in the strict sense because this major and more lasting feature of
plant capacity is held constant by assumption. (If an LAC curve were
drawn, it would be a scalloped “envelope” of the BAC curves.)

The IAC curves tangent to a particular BAC curve show the cost
per ton-mile for the intermediate period, based on the differing
amounts of operating equipment adapted to various traffic volumes.
Thus, given the basic facilities that govern that part of the cost re-
flected in BAC,, if volume is X;, by use of the optimal amount of inter-
mediate-term and short-period inputs, cost per ton-mile would be
C.X, per ton-mile, where IAC, is tangent to BAC,. Were volume X,’
in the intermediate-run, the optimum amount of operating equipment
on this railroad would result in a per ton-mile cost of C//X,.4 On the
other hand, were the volume X,”, the appropriate volume of equip-
ment would result in a cost of C,”X,”.

To complete the steps, in a short-run period when volume is X",
but the operating equipment committed to the railroad is that which
gives rise to the cost reflected in IAC,”, the sharply U-shaped SAC"”
curve indicates the cost effects of using equipment above its capacity
on basic facilities also used above their capacities.® Cost per ton-mile

*The fact that this equilibrium is at the point at which JAC/ is tangent to
BAC, stems from assuming continuous variations in the amount of operating
equipment. If equipment could only be added in discrete, discontinuous amounts

and the figure were drawn with technical accuracy, the BAC curves would be
scalloped.

* Unless one modifies the usual m=thod of stating costs empirically, a curve like
IAC/" for volume X,” understates the cost of transport service to the shipper be-
cause the quality of that service will be distinctly lower when the basic facilities
are used far above capacity. Note consideration given to quality of transport serv-
ice below, pp. 47 and 66.
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would be above C,”X” and be at C,”’X", A situation of this sort has
existed on some Indian railroads recently and on the Russian rail-
roads in one prewar period of rapid industrialization.®

BAC, reflects the lower potential costs traceable to higher capacity
basic facilities. For this capacity, the optimal volume would be X,,
the corresponding intermediate-period cost curve would be IAC,, and
the cost per ton-mile would be C,X,. Furthermore, for any volume
above the point at which BAC, and BAC, intersect, costs along the
latter curve are lower because of the higher capacity basic facilities.

Finally BAC,, which reflects the maximum potential economies of
scale, is introduced. Rarely, if ever, in developing countries is rail
traffic heavy enough to warrant investment in basic facilities of this
capacity. Few rail lines in the world have enough traffic to fully utilize
this much capacity.

So far, the expected traffic volume has been taken as a datum;
actually the prospective volume is uncertain in amount and in date of
development. The sunk character of the investment in excess capacity
(for a particular route) of basic facilities underscores the social cost of
an optimistic error in predicting volume. On the other hand, the sharp
diseconomy of attempting to use a set of basic facilities above its capac-
ity—above volume X,” for basic facilities that give rise to costs along
BAC —emphasizes the social cost of a pessimistic error, What considera-
tions enter into a choice then?

Uncertain Future Volume and Capacity Decisions

The greater the uncertainty about future traffic volume,” and the
more distant its probable development, the more advantageous is a
conservative or pessimistic estimate. If the most probable traffic is
X, for example, the more uncertain that estimate is, the more attrac-
tive would be basic facility capacity whose influence on costs is re-
flected by BAC,. Bias toward BAC, is enhanced also to the extent that
either of these volume rates is expected to develop some years in the
future. If the higher capacity that explains the lower level of BAC,
were built, the capacity idle at rates of use above X,”” would represent
resources that make no contribution to net national product.

‘Holland Hunter, Soviet Transportation Pollcy (Harvard University Press,
1957), pp. 50-88.

' This is aside from such uncertainties as the future prices of inputs and future
changes in transport technology.
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#Sacond; the advantage of building initially according to planning
ciirve'BAC, is enhanced further in proportion to the ease of rebuilding
the basic facilities toward the quality and capacity that would make
possible costs indicated by the curve BAC,. Ordinarily one would ex-
pect that the total investment to build to the BAC, capacity level in
two steps would exceed the capital that would have been required to
build the higher BAC, capacity initially. How great the percentage
difference would be is an empirical question, and probably is not the
same for all types of transport. For example, the author suggests that
the percentage difference would be higher for a railroad than for con-
verting a low-grade highway to a high-grade one. But the point to.
underscore is that a higher capital requirement for two-step building of
capacity of basic facilities is not necessarily uneconomic. As noted in
the paragraph above, had the higher capacity been built originally
but greatly underutilized, the additional resources committed to con-
struction of the differential capacity would have been unused until
traffic increased substantially. Such a situation is shown (Figure I1I-1)
by the segment of BAC, that is above BAC,; the higher level of costs per
ton-mile shown in BAC, for traffic volumes less than X,” reflects pri-
marily the heavy capital charges for capacity used below the optimal

rate.

Some Evidence on Cost Functions

The amount and quality of information about longer-run costs differs
among types of transport. Some of the available figures are based on
operating experience of existing transport facilities, and others are cost
estimates for facilities and equipment to be built de novo. The former
costs reflect past investment decisions, whether they were optimal for
that date or not, and also the technology and relative factor prices
of earlier years. Of particular importance in transportation is the
further fact that very costly features of basic facilities are often unique
to the terrain and weather of a locale. Perhaps equally important is
the availability decades ago of the capital needed (capital rationing
or not).

The differences in costs of various railways or highways may be
dominated by these influences, not by volume of traffic. One might ex-
pect that some of these difficulties are avoided by those making cost



RICHARD"B.: HEFLEBOWER * .43

estimates. But estimates of cost are also made for a particular locale
and are subject to substantial error in predicting both construction
costs and traffic rates even for that locale.* Where costs related to very
long-life sunk investment are a low percentage of total costs, and
hence most costs are of the intermediate-run or shorter-run sorts,
actual cost experience becomes a correspondingly better basis for a
planning cost curve.* With some exceptions, projected transport opera-
tions can be instructive only in the sense of indicating ordinal differ-
ences among cost levels and the extent of potential scale economies of
transport modes. :

A Generalized Transport Cost Function

The cost per ton-mile for a particular transport mode is the sum
of terminal costs and line haul costs. For a given set of factor prices
each of these components of cost per ton-mile is, potentially, a func-
tion of the volume of traffic and the length of haul. Terminal costs
[C.] are a sum to be spread over the length of the haul, and in order
to compute terminal costs per ton-mile, the function becomes C; =
f(Q)/L, in which Q is number of tons and L is length of haul. But in
line haul there is no a priori basis for assuming a linear relation be-
tween costs and either quantity of traffic or length of haul. Hence, C,
(or line haul cost per ton-mile) is equal to f(Q, L), The total cost func-
tion per ton-mile becomes, therefore, C = Q)L + f(Q, L).

Railroad Cost Functions

There is a paucity of data indicating the character of actual cost
functions for railroads, While operating figures from developed coun-
tries are abundant, analyses of these that show cost functions have not

*See Chapters IX and XI by Hans Adler and by Robert Sadove and Gary Fromm,

* The discussion here centers on economies of plant scale, which in some forms
of transpore is equivalent to firm scale. Generally, where plant scale economies are
high, which usually means that investment in, and costs reiated to, basic facilities
dominate costs, there is little point in going on to economies of firm size, Having
parts of a continuous railroad or pipeline in a developing country under separate
ownorship makes little sense, Nor is there much occasfon, if any, in developing
areas to construct competing rail or pipe lines, But it is feasible to have com-
peting trucking, air, or water transport lines that use the same basic facilities, In
such cases, costs by size of firm may be quite important, as will be seen,
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béen found by the author.*® But the results of such studies would be
of limited general value since the cost experience of railroads is
affected uniquely by terrain, length of haul, and different ratios of
terminal to line haul expense. For example, the heavy traffic, coupled
with costly duplication among lines and excess capacity (for line haul

“For an extensive and valuable discussion of the character of railroad costs
and the statistical derivation of cost functions for particular categories of ex-
penses for U.S. railroads for 1952-55, see John R. Meyer, Merton J. Peck, John
Stenason, and Charles Zwick, The Economics of Competition in the Transpor-
tation Industries (Harvard University Press, 1960), pp. 33-63 and 321-47. But
these authors did not develop a composite (of all expense categories) cost func-
tion for railroads. They did estimate a total dollar cost and the regression co-
efficients for each of numerous phases of terminal and line haul operations, but
even for a given phase of operations it is not possible to derive a cost per ton-
mile. For average volume, a typical long-run marginal cost of 3.27 mills per gross
ton-mile of bulk commodities hauled is reported. This amounts to about 8.2 mills
per. revenue ton-mile on the assumption that the weight of freight hauled repre-
sents two-fifths of the total weight of the cars hauled both loaded and empty.
(Ibid., pp. 62-63.)

44
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but less so for terminal operation), make the operating data of United
States railroads largely inapplicable to transport investment planning
in developing countries.

Estimates of how average costs per metric ton-kilometer for Ar-
gentine railroads could be expected to differ for a range of traffic
densities are presented in Figure III-2. These are not actual costs for
railroads of different lengths and densities of traffic, but estimates made
by a series of adjustments of data for Argentine railroads for 1958-
59.1* To minimize the effect of length of haul and to give cffect to
certain expected improvements in facilities and equipment, all esti-
mates were developed to show how average costs per ton-kilometer for
a line 200 kilometers long would differ for various traffic densities.
Estimated costs (for broad-gauge lines) range from about 4.0 pesos
per ton-kilometer for 0.134 million revenue ton-kilometers of traffic per
year to less than 0.7 pesos if volume were over 5.5 million ton-kilo-
meters. The costs drop dramatically in the range from the lowest
volume to about 0.7 million ton-kilometers of annual volume and then
fall gradually for higher traffic densities.

One should be cautious about drawing precise conclusions, by using
these estimates, about expected cost differences for varying densities
of traffic. This is not so much because the estimates vefer to Argentine
conditions, but because the same quality and capacity of basic facili-
ties were assumed for moving widely differing volumes of traffic per
kilometer. But, as pointed out above, for lines built de novo or radically
rebuilt, the optimal investment and capacity of these facilities would
differ substantially for light traffic densities compared to heavy. Con-
sequently, estimated costs per ton-kilometer in Figure III-2 must be
higher for low-density traffic relative to high-density than they would
be if the line were built de novo to handle the respective traffic
volumes.

A second major variable in a complex cost function for railroads is
length of haul. An indication of its imporwance can be obtained from
the estimates by John R. Meyer and his colleagues based on United
States data, presented here in Table III-1. In the Meyer study (see
footnote 10), length of haul affects transport costs entirely through
spreading terminal costs over more or fewer line haul miles. In the early
1950’s terminal cost per ton was estimated to average $3.28 in the United

" See A Long Range Transportation Plan for Argentina, “Main Report,” op. cit.,
pp. 23-27, for a full exposition of the methods used in making these cost esti-
mates and for the estimates themselves.
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~States'if the shipment is picked up by truck at the shipper's place of

'business and delivered to the consignees establishment by truck.** This

~ outlay becomes a rapidly decreasing amount per ton-mile as the length
of haul increases, as is shown in Column 2 of Table III-1. (No data are
available on costs where both establishments are on rail sidings.) But
nearly half of the estimated terminal expense, or $1.58, was for loading
the goods into a boxcar and unloading at destination, for billing and
other office costs, and for switching, These likewise become rapidly de-
creasing costs per ton-mile as hauls become longer. (See Column 3 in
the table.) Add to these costs the constant 0.32 cents per ton-mile of line
haul expense, and the result is a rapid drop in long-run marginal costs
incurred by the railroad as length of haul increases (Column 4). For
200-mile hauls, costs per ton-mile are estimated at less than a third of

TABLE III-1. Long-Run Marginal Costs, Rail Boxcar and Truck, by
Distance, 1952-1955

(Distanee, miles; cents per ton mile)

Total
- " Pick-up . . Total  Service Rail Costs
Terminal Line Haul . . . Truck
‘Distance - and ; Rail Differ- Including
. Delivery Costs Conts Costs ential  Differ- Costs
s ' ential

@ ® @ ® ® @ ®

" s  8.40 8.6 0.2 6.8 812 0.4  8.80

" 100 1.70 1.58 .82 8.60 1.72 5.82 6.00
S Q00 ' " 0.85 0.79 .82 1.96 0.98 2.94 4.80
- 400 ' .48 .40 K.l 1.15 .68 1.78 8.88
60 . .28 .26 .92 0.86 .53 1.16 8.27
800 .21 .10 .82 K/ .48 1.05 8.24

Bource: Adapted from John R, Meyer and others, op. i, P, 100,
s Apparently thers is an error of 0.06 cents in this row of the table,

those fora 50-mile distance; for 800-mile hauls, the costs are only a third
of those for 200 miles.?*

The sum of columns 2 and 3, second row, multiplied by 100.
. 9 For a statistical analysis of the effect of amount of pick-up and delivery service,
of traffic density, and length of haul on rail and on highway transport costs, see
Jeanne Pierre Baumgartner and Pascual Santiago R. Palazzo, “Estudio de la Estruc-
tura Econémica Tipica del Transporte de Carga por Carretera y Ferrocarril,”
Caminos Revista Tecnica, February 1962, pp. 32-36.
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.'But these data understate the costs to the shipper of rail service on

short hauls because the quality of service is markedly inferior to-that
of truck transport. Meyer and his colleagues estimate the money value
of loss to shippers from the longer time required for the shipment by
rail and the reduced ease of making small shipments. These “losses,”
converted to a ton-mile basis for hauls of different lengths, appear in
Column 6 of Table III-1. When this differential is added to the
railroad’s own expenses, the total, which is roughly equivalent to
shippers’ rail transport costs, is higher for 50-mile hauls than are truck
transport costs. But for increasingly longer hauls, even when cost of
shipping is computed this way, rail costs drop off very rapidly, while
those of trucks decline only gradually. For distances of 800 miles or
more, rail costs to shippers are about one-third those of truck.

Petroleum and Gas Pipelines

Transportation by pipeline provides the highest degree of potential
economies of plant scale of any form of transport.** The major input
is capital invested in the right-of-way, pipe and its laying, and pump-
ing stations. Practically all of this investment is sunk: the cost of
digging up the pipe, cutting it into transportable lengths, and hauling
it to a new site would ordinarily exceed its value for re-use. The major
source of scale economies is in the increased capacity of a pipe as a
function of its diameter, without there being a comparable increase in
the cost stemming from investment in the pipe and expenses of its
laying or of operating the line. In contrast to railroads, length of line
does not affect the per-barrel-mile costs of pipeline transport ma-
terially because terminal expenses are a nominal percentage of total
costs. The capacity of a pipeline is also a function of the pressure
exerted by pumps. Consequently, there is something of a parallel be-
tween the pipe diameter (as the indefinitely fixed input) and the
railroad right-of-way and track; and another parallel between install-
ing fewer or more pumping stations (that result in less or more
capacity of a line of given diameter) and the intermediate-run
character of a railroad’s use of fewer or more locomotives and cars.
But there is one important difference: railroad equipment is saleable,

“For a fuller discussion of pipeline costs, see Leslie Cookenboo, Jr., Crude

Oil Pipe Lines and Competition in the Oil Industry (Harvard University Press,
1955), pp. 8-32.
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but the resale value of a pipeline pumping plant would be scarcely
more than the cost of moving it.** . :
+Nevertheless, Figure III-3, which reports well-authenticated esti-
mates of total cost per barrel-mile for crude-oil pipelines, has a kinship
with Figure III-1.2 The level of the curve for each diameter reflects the
effect of diameter of pipe for given pressure on costs per barrel-mile;
hence the curve for each diameter of pipe is roughly equivalent to a
BAC curve of Figure I11-2.27 The contour of each curve shows how
the cost per barrel-mile is made higher, or lower, by installing fewer,
or more, pumping stations and capacity, and hence each curve re-
flects the points of tangency of a set of IAC curves.

Using the curves in Figure III-3, one can select the optimal planning
curve for any expected volume of crude oil. If only 50,000 barrels a
day are expected, the 14-inch line would be lower cost than a 12-inch
line, even though the 14-inch line would not require the pumping
capacity which would result in the lowest cost per barrel for its diam-
eter. If 70,000 barrels were expected, there would not be much
difference in cost per barrel between a 14-inch line operated at its
optimal pressure and a 16-inch line operated below its optimal pres-
sure, The relevant cost per barrel of the latter is shown in the segment
of its cost curve that lies to the left of its low point. One can go on to
study the optimal combinations of pipe diameter and of pressure for
various expected volumes.

If there is uncertainty as to whether the volume will be 70,000
barrels, there would be an advantage in building the 16-inch line but

®In ibid., p. 12, Cookenboo refers to adding pumping stations as giving rise
to “Intermediate-run cost curves which include cost of varying amounts of capital
equipment [that] are not reversible.” (Empha:is added.) Because of this fact, the
character of the curves, for lines of different diameters in Figure II1-3, differ some-
what from those in Figure ITI-1.

# While these estimates were made for conditions in the United States, they are
closely applicable to other areas. Terrain does not often affect pipe-laying costs
to a marked degree, and the price of pipe and the methods and costs of laying
and operating the line are such that scale advantages are not affected materially
by geographic rate differentials, Note, however, that I added the broken line
with the subseript J4 4 14 to illustrate the effect of having two pipes of 14-inch
diameter rather than one of 20 inches and about equal capacity.

1 Given the diameter of the pipe and the installed pumping stations, practically
all short-term costs are fixed as long as the line is operated at all. Were it pos-
sible to add the “envelope” of the curves in Figure III-3 without making the
chart unreadable, such a curve would be the true long-run cost curve. The BAC
curves would not be tangent at their respective least-cost points to such a LAC
curve because of discontinuities in sizes of pipes.
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Ficure IIT-3. Costs per Barrel, Crude Oil Trunk
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Source: Leslie Cookenboo, Jr., “Costs of O;i)erating Crude Oil Pipelines,” Rice
Institute Pamphlet (April 1954), pp. 106-07, Table 19.

initially installing only a few widely spaced pumping stations, The
line would not be markedly inefficient for hauling 50,000 barrels and
could at any time be made distinctly more efficient (than a 14-inch
line) for 70,000 barrels by adding pumping stations. And by adding
pipeline pressure beyond that for which cost per barrel is least, the
16-inch could haul 100,000 barrels without being grossly less efficient
than an 18-inch line.

Laying a second pipe is another way to expand the capacity of an
established line. The level of costs achieved by two 14-inch lines, as
suggested in Figure III-3 by the broken curve 14” 4+ 14”, would be
higher than for the same capacity provided by a 20-inch line. However,
adding the second 14-inch pipe would result in lower long-run marginal
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cost per barrel-mile than could be obtained by abandoning the original
14-inch and laying a new 20-inch.

Road Transport

Cost information that combines the cost of the road or highway
with the users’ expenses poses unusual analytical diffculties. Further
difficulties stem from the fact that the road is publicly owned while
the vehicles are often privately owned. Even where both are publicly
owned, decisions about investment in, and use of, vehicles are apt to
be distinct from decisions about routings and capacities of the basic
road facilities.

A complete cost analysis should include: (1) the relation between
the costs (interest on capital plus maintenance) of roads of various
widths and quality of road base and surface; (2) the relation, for
each road quality (i.e. capacity), between costs per vehicle- or ton-
mile, and (a) the number of vehicles using it, (b) the weight of the
vehicles, (c) the speed at which the vehicles are operated; (3) the re-
lation between vehicle operating costs per ton-mile, and (a) the weight
of vehicles, (b) the speed at which they are driven, (c) the length of
hauls (load factor disregarded), (d) the effect of road surface on
vehicle maintenance and depreciation; and (4) the relation of various
combinations of the preceding variables to the costs of carrying on
the shippers’ own operations, as affected by the speed and certainty of
time of deliveries and by damage to shipments. The least information is
available about (4), the most about (3); some is available about (1) and
(2). The best that can be done is to present some of the various possible
combinations of (1) and (2), modified by some indication of the signifi-
cance of (3).

Assuming that the use made of each type of road is optimum in
terms of the number, weight, and speed of vehicles adapted to the
quality of the road base and surface, the road costs per vehicle-mile
appear not to differ widely among roads of different quality. Road
quality (in terms of surface and width) ranges from a one-lane dirt road,
through a two-lane gravel road, one with a light bituminous surface,
then a heavy bituminous surface, to a heavy concrete surface road (pos-
sibly four-lane). A corresponding quality of roadbed is assumed for
each type of surface. Capacity of roads and highways in terms of the
optimal weight and speed and number of vehicles to be operated on
them, differ in the same order as do the qualities of road just listed.
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Ficure 11I-4. Returns to Scale, Venezuelan Highways, by Quality,
Early 1960's
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Source: Adapted from Charles J. Stokes, “Analysis of the Decision to Build the
Tejerias-Valencia Autopista,” (Brooking Institution, 1964), Table VIII (multilithed).

Figure III-4 presents the relationship between costs for such a
range of road qualities and the number of vehicles (all assumed to be
of the same weight) estimated for Venezuela in the early 1960’s. Note
that the low points of the cost curves for the respective road qualities
do not differ much in level; it should be emphasized, however, that
this reflects the assumption that each quality of road carries the
optimal traffic for its roadbed and surface. But for any rate of use of
a given quality that is lower or higher than optimal-measured by
number of vehicles per year—road costs per vehicle are higher; the
cost curve for each quality of road is almost V-shaped. At lower than
optimal use rates, the annual charges stemming from construction
costs and the effects of weather become progressively higher per vehicle-
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mile; At higher than optimal use rates, the declining cost per vehicle of
such fixed charges is more than offset by the upsurge of maintenance
costs; this is true particularly for roads that lack a heavy base and a
concrete surface. Heavy vehicles are particularly damaging to low-
quality roads but, as will be seen later, where larger vehicles can be
used, truck operating costs per ton-mile are reduced sharply.

A number of studies have been made in the United States that
show the effect of weight as well as of number of vehicles on the
long-run marginal costs of highways (see Figure II1-5). The assump-
tion is made that a highway of minimal quality needed for traffic of
automobiles and light trucks up to 6,000 pounds would exist over any
particular route. For such light vehicle traffic on a “low-type” pave-
ment, operated for about 1.3 million “axle-miles™® per year, the esti-
mated road construction (interest on investment) and maintenance cost
would be about 4.5 cents per axle-mile. But if there were in addition
about 0.1 million axle-miles of 6,000-10,000 pound vehicles, the esti-
mated long-run additional or marginal cost would be sharply higher,
or about 34 cents per axle-mile. This is an excellent way to isolate the
effect on highway costs of weight of vehicles and their relative num-
bers, but is not necessarily applicable where one cannot assume a sub-
stantial volume of light vehicle traffic as a datum.

For medium-type pavement, the cost per axle-mile of light vehicle
use was estimated to be only two-thirds of that for the low-type pave-
ment, even though the traffic is twice as heavy. When 6,000-10,000
pound vehicles operate on the medium-type pavement, the estimated
marginal costs of this added and heavier vehicle traffic is less pro-
nounced than on low-type pavement, but still substantial; 10 cents
per axle-mile for 6,000-10,000 pound vehicles and 14 cents for still
heavier trucks, as shown by the broken line in Figure I11-5. For heavy-
type pavement, estimated marginal costs do not rise at all until it is
used by 10,000-14,000 pound vehicles; under modest use by the even
heavier 14,000-18,000 pound vehicles, marginal costs actually fall.

Considering now the cost of operating trucks of a given size on
roads of different qualities, it is obvious, first, that dirt and gravel roads
force lower speeds on drivers than paved highways do. Thus, driver
pay per vehicle-kilometer is reported to be 60 percent lower on paved
roads than on dirt or gravel. Depreciation charges are also much

 Number of vehicles per year, multiplied by the number of axles per vehicle,
multiplied by the number of miles each vehicle is operated.
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TabLEA11-2: Estimated Truck Line-Haul Operating Costs in Venezuels,
1961+

(Truck capacity in metric tons; cost in bolivars)

84, ..., CHARACTERISTICS OF TRANSPORT MODES

Cost per Cost per Ton of Load at
: Vehicle-kilometer Two-way Load | Specified Load Factors

: Truc!t as Percentage
: Capacity Paved Gravel Dirt of Capacity | Paved Gravel Dirt

Road Road Road Road Road Road

7.8 0.00 1.81 1.49 70.0 .126 .240 .278
11.4 0.78 1.44 1.06 55.0 .120 .280 265
15.9 0.80 1.74 2.08 50.0 .114 219 L2580
21.0 1.02 2.08 2.42 42.5 115 .227 271
28.5 1.11 2.18 2.58 40.0 .119 .282 .274

Sourcet Richard M. Boberman, *The Costof Road Transportation in Venexuela,” Report made for Corporacién
V?ne:ohnn do Guayana, Divisién de Estudios, Planificacién ¢ Investigacién (April 17, 1963), pp. 58, 60.
mimeo.

® No terminal costs (including pick-up and delivery) are included. See Table III-1 above and page 53 below
for effect of length of haul—chiefly aa influenced by terminal cost—on per ton-mile costs.

higher when vehicles are not operated on a smooth, hard surface.®
Data in Table III-2 show that the benefit of paved roads to users is
striking even on a vehicle-kilometer basis. To some extent the benefit
is correlated positively with size of truck.?® Comparison of the left
and right halves of the table indicates that, where size is adjusted
by assumed load factors, the percentage of cost saving for larger versus
smaller trucks drops sharply. Estimates made for Argentina are similar.
Operating costs per vehicle-mile for automobiles are one-fourth higher
on gravel roads than on paved surfaces, and for dirt roads three-fifths
higher. Truck and bus costs are one-half higher on gravel than on
pavement, and almost double on dirt roads.?

For any size vehicle, cost per ton-mile or per vehicle-mile is affected
by the length of haul. (This is evident in the last column of Table ITI-1.)
A study of truck operations in the United States reports out-of-pocket
terminal costs of 30 cents per hundred-weight for a 100-mile haul, but
that is less than a third of the 92-cent total out-of-pocket cost for a
400-mile haul. Where numerous small shipments have to be picked
up, loaded, and delivered to a consignee at destinatinn, cost per

® Actually, different speeds were reflected in the costs in Figu e III-4 and
ranged from 40 KPH (kilometers per hour) for type 2 roads to 100 KPH for types
5 and 6. (See reference cited for Table I1II-2.)

¥ Analysts assume that autobus operating costs and the effect of these vehicles
on roads of different types are equivalent to those of trucks of the same weight.

* Richard M. Soberman, “The Cost of Road Transportation in Venezuela,” op.
cit,, p. 45,
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Ficure III-6, Line Haul Trucking Costs and Average Speeds,
General Freight in California
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Source: Line Haul Trucking Costs in Relation to Vehicle Gross Weights, National
Re;garch Council, Highway Research Board Bulletin 301 (Washington, D. C., 1961),
p. 38.

hundred-weight is far higher, but for a 30,000 pound shipment falls to 12
cents.*

There is also a higher line haul cost per mile on short hauls because
of lower average speed. Figure III-6 shows that average speed is
sharply lower for hauls under 200 miles, presumably because of traffic
congestion in areas of origin and destination; it is not surprising, there-
fore, that cost per vehicle-mile is also sharply higher for these shorter
hauls, Had data been gathered for 50-mile hauls, the effect on costs of
average speed and on cost per vehicle-mile would have been even
more pronounced.

The final step for estimating total line haul cost is to combine high-
way costs with vehicle operating costs to arrive at a composite re-
lation between line haul costs, volume of traffic, and weight and speed
of vehicles for each type of road. Estimates of this sort for Venezuela,
as presented in Figure III-7, are planning-type curves for the line haul
part of truck transport. Some attention is given to speed of operation
by weight of vehicle and by type of road, as well as to numbers of
vehicles. The curves are useful illustrations of the general ordering of

¥ Data adapted from U.S. Interstate Commerce Commission, “Cost of Trans-

porting Freight by Class I and Class II, Motor Common Carriers of General
Commodities,” Middle West Territory (May 1860), Tables 2, 4, and 12,
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* At 10 percent interest.
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highway ‘and vehicle operating costs- per unit of weight by: various
traffic densities for different types of roads.® ..~ - 0o e
..Beyond economies of size of plant of the individual truck, the. fact
that truck transport firms may operate few or.many vehicles means
that economies of firm size should be considered. Studies of the costs
of common carrier truck companies by size in the United States indi-
cate that firm scale economies are nominal. A minimum of office staff
and terminal facilities and personnel is required, but such items make
up a very small percentage of total cost. Very small companies
probably use their trucks end drivers with less efficiency, since such
companies lack the “massing of reserves” advantage that comes from
owning a substantial number of vehicles. Except for such cases, and
after eliminating the effect of length of haul on costs, there is no clear
evidence that costs per ton-mile are related significantly to size of
firm.»#

Finally, reference is made again to the comparison of the long-run
marginal cost of railroads and of highway transport presented in Table
III-1. The data for the latter, in the opinion of Meyer and his col-
leagues, include payments for fuel taxes, licenses, and other charges
that approximate the long-run marginal cost of constructing and
maintaining highways of the quality required for heavy truck traffic.*®
On the basis of transport costs per ton-mile, railroads are at a disadvan-
tage on very short hauls and have a very marked advantage on long
hauls. But from the shippers’ viewpoint, truck service is so superior on
short hauls that they are willing to pay more per ton-mile.

Air Transport

Total costs of air transport per passenger-mile include those of such
basic facilities as airports and air traffic control, as well as those of
plane operation. The basic facilities are normally provided by public
agencies. To widely varying degrees, but seldom fully, the capital and
other costs of these facilities are covered by user charges. Combining
these costs with those of airplane operation is not easy, even when the

¥ Comparison of these estimates with later construction costs showed that costs
of the higher quality roads had been underestimated by a wide margin.
% For a critique of studies by others and the conclusion cited here, sce Meyer

and others, op. cit., pp. 95-99.

* Ibid,, pp. 81-85. But this is an estimate only of the added cost of building
and maintaining better highways, with all costs of Jow quality roads assigned to
light vehicles, However, in developing countries most roads are built from scratch
and all costs enter. '
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airlines are publicly' owned, because planes  more' often than not use
the basic facilities of more than one jurisdiction, i/ w0
" Airport capacity limits the size, type, and number of planes that can
use it. It can range from a short runway. with a turf surface for very
light planes through a series of increases in capacity (in terms of strength
of foundation and surface) to the long, heavily built runways required
forigiant jet transports. Very light traffic areas rarely need to have
heavy and long runways, but if any flights occur in a particular area,
investment in airport facilities is necessary.
" Because of the newness of the industry and the variety of operating
conditions in the United States, data for American air operations have
more relevance to other areas than do railroad cost figures, for- ex-
ample. Operating costs of United States airlines include practically
nothing toward the costs of the federally provided air traffic control
and guidance system. Landing fees and rentals of terminal facilities at
a sample ot municipal airports amounted to 85 percent of current air-
port expenses in 1958, but provided nothing for depreciation or in-
terest.” Some heavy-traffic airports do better, and a few report a profit.
~“Airline costs per passenger-mile (or per ton-mile, a measure used
at times) are a function of size of planes—the “plant”traffic density or
quantity, and length of flight, called “stage length.” Many comparisons
of ‘costs with these variables are vitiated by the fact that speed of
plane is correlated with size of plane, but speed i: also a measure of
quality of service. The “product” thus is not the same, a nuance not
taken account of in reported cost. Continuous change in plane design,
speed, size, and type of motive power also inhibits precise com-
parisons. Finally, data that seem to indicate an advantage in increas-
ing the size of firms actually are dominated by relative size of planes,
lengths of hauls, and traffic densities between terminal points,
*In the United States small airline companies are engaged almost ex-
clusively in the short-stage, or local business between small cities or
between them and a major metropolitan center; consequently small,
slow planes are used. Even though local carriers rarely face com-
petition from another line, they have a low load factor. Lines serving
small population centers experience less of the averaging effect of large
numbers. But the major adverse influence on the costs of these com-
panies is the short-haul character of their traffic,
. The effect of length of haul on costs stems primarily from the ratio

' ®Richard E, Caves, Air j‘rampprt and Its Regulators (Harvard University

Press, 1062), p. 415,
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of terminal ‘expense to flight costs. Onr . a plane has reached its flying
altitude, the cost per mile is constan . The idleness of the plane and
the crew while at the terminal add. considerably to costs, but this
addition is presumably included in ‘he reported category of flying
operations cost. For short-haul carriars, aircraft and traffic servicing
costs per ton-mile in 1958 were three times those of the largest car-
riers, a fact that goes far in explaining why the total costs per ton-mile
of small lines were 1.9 times those of large carriers.

There is also some evidence of diseconomies in very small firm
size. General and administrative expenses of small carriers, exclusive
of passenger service, sales, and promotion expenses, were 2.9 times
those of large companies.2 But among the trunkline companies that
vary greatly in size (but all of which are larger than any local service
carrier), there was no clear evidence of the effect of size on cost.

Water Transport

General statements about inland and coastal water transportation
are difficult to make because the length, capacity, and routings of
bodies of water or river channels differ so much among locales, That
rivers sometimes are available for part of the year only, due to freez-
ing or low water, substantially affects the cost of using them, How-
ever, basic facility costs are usually low, unless channels or harbors
have to be dredged or protected against flood waters or storms,

Water movement is slow. Turnaround time for loading and unload-
ing is lengthy, except for bulk commodities such as oil or ore, and the
route is often far less direct than that of a railroad. A freight train can
make the trip from New Orleans to Chicago in 60 hours or less,
whereas a barge on the Mississippi River system takes 500 hours. The
quality of water transport service is correspondingly low, but the
significance of that fact varies according to what materials are being
shipped.

Inland water transportation is usually the cheapest method of long-
distance movement of nonperishable bulk commodities, but because
of the long turnaround time and the high cost of loading and unload-
ing, cost advantages are lost rapidly for short hauls. For all hauls from
1936 through 1938 over Gulf Coast rivers and canals, terminal costs ac-
counted for about half of all barge operations costs. On the Mississippi
River system, where hauls are longer, terminal costs represented

" The data are taken from Caves, ibid., p. 58,
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-about 40 percent of ‘total costs. Before- World War II, total cost per
“ton-mile of petroleum carriers on Gulf Coast rivers and canals ranged
downward from about 6.0 cents for hauls of 70 to 100 miles, to 2.0 cents
for hauls ten times as long, Coal carrier costs on the Mississippi River
system ranged downward from the neighborhood of 3.0 mills per ton-
mile for hauls of 50 to 100 miles to about 2.0 mills for 200 to 250
mile distances.”® Great Lakes frcighter line costs are estimated at 1.2
mills per revenue ton-mile with no return loads and 0.6 mill with full
return loads of bulk commodities, compared to about 4.0 mills line haul
costs for railroads with full return loads. But freighters have no clear
advantage in package freight largely because of expensive pick-up
and delivery costs from docks to places of origin and destination.®
But for long hauls over comparable routes and volumes, operating
costs of tankers and often even barges are below those of giant pipe-
lines.

Low operating costs of water transportation are misleading to the
extent that investment in basic facilities must be made, and the costs
related thereto are not added to vessel operating costs. River channel
clearing and lock, harbor, and dock building are usually financed
from public funds. Charges, if any, to users are nominal and reim-
burse only a small fraction of the costs incurred by the financing
jurisdiction. A study made decades ago indicated that investment in
river and canal improvements (after the railroads were well estab-
lished) quite often provided far less social benefit than the public
outlay.® To this should be added the social loss that occurs where

®The data are adapted from National Resources Planning Board, Transporta-
tion and National Policy (U.S. Government Printing Office, 1942), pp. 438, 439.
Since the overwhelming portion of barge movement is now by contract carriers
or by fleets owned by shippers, few operating data for recent years have been
published.

» Meyer and others, op. cit., pp. 147-148, 155-156.

® An estimate of the public (and also of total social) cost of waterway improve-
ments is often complicated by the fact that such improvements are part of what
is deemed to be a multi-purpose project—e.g. flood control—as well as transporta-
tion, At best, the allocation of the cost among “purposes” is a guess and, in the
United States’ experience, the division of the total outlay among purposes often
has.been influenced by a desire to make the least politically acceptable purpose
appear economically advantageous.

" H. G. Moulton, Waterways vs. Railways (Houghton Mifflin, 1912), pp. 370-
438, For a discussion of more recent waterway improvements and the principle
of “user taxation” and of its difficulty of application, see Meyer and others,
op. cit., pp. 122-20.
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railroads already exist or are to be built as the advantageous major
transportation mode: with diversion of rail traffic to waterways, the
railroads” costs become higher per ton-mile than they would otherwise
have been. If shippers do gain from using water transport, it is not
necessarily because the total social cost of water transport is lower
than that of rail or equivalent routes, but because the rates which
railroads charge (or are forced to charge) for hauling bulk commodities
over such routes exceed what intermediate-run marginal costs would
be if railroads were to handle the traffic now moved on the publicly
supported basic facilities of water transport, Hence, reference to the
low costs of barge traffic may mean only that the cost of operating the
barges is low. On the other hand, where the advantages of building a
railroad are doubtful or the basic facility cost of water transportation
is low, this form of transport can easily have the lowest (social) cost
per ton-mile.

Adaptability to Characteristics of the Traffic

Making a choice among transport modes involves not only their
respective planning cost functions, compared to traffic volume, but
also their adaptability to various combinations and routings of traffic,
Combinations include length of haul, extent of two-way traffic, and
type of commodity, particularly as to perishability and adaptability to
bulk handling. Routings depend on two major items: degree of the
mode’s adaptability to a wide variety of points of origin and destina-
tion, and whether or not the mode can pick up and deliver at shippers’
and consignees’ places of business and thereby avoid a local transfer
haul. Further, for particular areas, adaptability of the mode to par-
ticular conditions of terrain, soil properties, and weather must be ap-
praised.

Potential Variety of Routings

Every transport mode is limited in routing to what the basic facili-
ties provide, but what nature supplies and/or the capital-output ratio
that stems from basic facility construction make some modes more
flexible in this regard than others, Water transport is, of course, usually
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limited. to routes that nature has provided, especially since canals are
rarely a part of modern transport planning except as very short con-
“nections between major waterways. Consequently, some other mode
must ordinarily supplement water transport, Thus it is the composite
of the water transport and of the supplementary land-spanning facili-
ties that must be appraised.

. Pipelines have very high capital-output ratios and very high poten-
tial economies of scale. Lines will be built, therefore, only where a
heavy volume of one commodity—gas, crude oil, or light refined fuel
products—is expected.

Railroads are less restricted in route than either water transport or
pipelines, Compared to water transport, railroads can make their own
map, although they incur heavy expense when some of nature’s ob-
stacles must be overcome by tunnels or by circuitous routes where the
gradient is above two feet per mile. The capital-output ratio of rail-
roads is lower than that of pipelines, but because rails are able to
handle almost any commodity that is movable, they can usually expect
more traffic per mile of route.

Airlines are limited in routing only if airports have not been built
at desired points of origin and destination. If adequate terminal facili-
ties are provided, length of route can be that of a straight line.

Road transport is the mode least restricted in routing, in part be-
cause highway traffic is usually able to operate on very steep gradients,
and in larger part because roads of widely varying quality, capacity,
and investment outlay can be built according to expected traffic density.

Pick-up and Delivery

There are wide differences in the extent to which transport modes
are adapted to picking up and delivering goods without a local trans-
shipment at each end of the haul. Highway transport has the clear
advantage here, for local streets and roads can be used in picking up
goods from the shippers and in delivering them to the consignee. Rail-
roads must rely on local transshipment by truck for less-than-carload
lots, and even for carload lots where there is no railway siding at the
shipper’s or consignee’s place of business. However, when carload
shipments are consistently of substantial volume, provision is usually
made for direct loading at a siding on the shipper’s premises. Air
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transport inherently involves local transshipment, but whatever this
costs, it is inconsequential when goods of high unit value are involved.

Traffic Adaptability

The traffic-handling capacity of transport modes varies from that
of the pipeline which hauls only one type of product continuously in
one direction, to that of a mode which hauls almost any commodity, in
almost any size of shipment, both ways over the same route and in a
variety of supplementary directions. Adaptability also has to do with
the size of equipment unit that can be operated autonomously. High-
way transport, for example, can not only pick up and deliver small
items, but can also move a truckload of goods whenever a shipment
of that size is available without waiting for any subsidiary, and usually
costly, transshipment help. But truck cost savings with size of ship-
ment stop at the truckload weight.

Rail transport gains over truck progressively with size of shipment,
a full carload as compared with a truckload, and a trainload as com-
pared with a carload. Recently, special trainload rates in the United
States have been approved on a showing of cost savings. Integrated
trains that are not “broken” and that move back and forth between
coal fields and power plants show large cost savings. Highway trans-
port, however, is uniquely adapted to a wide variety of lengths of
haul. Because each operated vehicle is self-powered, it can enter and
leave the highway, and intermingle with long-haul traffic, without
being coupled to any other vehicle or itself being loaded on a rail car
or a boat.

Railroads and highway transport rank first among transport modes
in the variety of commodities that can be handled effectively. Where
special types of equipment, such as tank or hopper cars, will be an
advantage, these can be fitted into the railroad’s car inventory. Truck
lines can do much the same, as can barges and ships in a few cases.
But the more specialized equipment becomes, the lower the percent-
age of time it will be in use for any given volume of traffic. And a
major disadvantage of all specialized transport equipment is that its
use is ordinarily only one way. For low traffic density, the cost of
general-purpose equipment (e.g., the box car or the van-type truck)
that can be fully utilized is apt to be lower than that of partially used
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éﬁgcialiied -equipment, Air:transport is, at:least at present, essentially
a{type.of specialized equipment, in that its'adaptability to types of
traffic is limited by the size of planes and by the high cost per ton-
mile,

Modes of Transport as Parts of a System

- So far the analysis has been directed to the cost, capacity, and traffic
handling characteristics of each transport mode for a given route. Yet
each route is part of a transport system. This introduces further com-
plexity and necessitates the use of additional criteria for the evaluation
of transport investment decisions. Nevertheless, only those aspects of
the topic that follow logically from the preceding sections can be con-
sidered here.

Different routes often have different types of traffic, involve move-
ment over different terrains, and promise different traffic densities. As
a consequence, different modes appear to be optimal for various parts
of a system, but the choice does not rest solely on the efficiency of
each segment of the transport system considered separately. Further-
more, a system is not normally planned de novo, for in most cases
some facilities already exist. Their type, the cost of their use, or the
basis for their abandonment, must all be appraised. Then, too, as per
capita income increases significantly, the character of traffic and of
shippers’ criteria of the efficiency of transport usually changes.

The transport system for an area can be thought of as having one
or more “backbones” or main routes, from which “ribs” or feeder
routes run off in various directions. The backbone ordinarily has
higher capacity and a longer average length of route and of hauls
than do the ribs. Usually, but not necessarily, the backbone will be of
one transport mode (particularly if traffic is fairly heavy), while the
ribs may be of one or more other modes, in part ax least to minimize
diseconomies of small volume. Such differences in types of mode or
of their capacities, if arranged so that each mode is best for the traffic
and terrain of the section it serves, point to another aspect of the
skeletal analogy: in an integrated transport system, each bone should
be of such size, length, and direction that all parts of the economy
with traffic enough for a small bone can be tied by transport to all
other parts.
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Since most areas have some transport facility, investment planners
must usually consider first whether the old capacity should be enlarged
and its routes extended. Where usable facilities exist—even cleared
right-of-ways for a very low-quality rail line or road—only capital
charges (depreciation and interest) and maintenance expenses for
added investment in basic and intermediate-period facilities are usu-
ally relevant. (The fact that debt service remains on funds used for
the previous investment is irrelevant in the current transport invest-
ment decision.) However, replacing the established mode with another
may be optimal, either because of technological advance in other
modes or because actual volume has proved to be so small that rele-
vant marginal costs of the established mode would exceed the long-
run marginal costs of the substitute mode.

Both of these principles are emphasized in a study of the Argentine
transport problem. The conclusion is reached that the long-run mar-
ginal costs per ton-kilometer of rehahilitating the basic facilities and
operating equipment of a number of light-traffic rail lines would ex-
ceed the long-run marginal cost of maintaining existing parallel high-
ways and of operating trucks over them. In some cases it also appears
that highway-truck costs would be lower if new highways were built.?
If railroads were to be retained, the only capital costs that would be
relevant are the long-run marginal costs of rehabilitation and new
investment in basic rail facilities and equipment.

A second point that must be emphasized (whether some facilities
already exist or not), is that the lowest cost per ton-mile (taking ac-
count of scale economies) should not be the sole guide in selecting the
mode for the “ribs” or branch lines. Transshipment must be made from
the branch to the backbone mode and vice versa. If both modes are
the same, no problems arise because operating equipment is merely
shifted from one line to the other. But if the modes differ, goods must
be moved from one type of equipment to another, such as from trucks
to railroad cars. This is an expensive, time-consuming task. Only
when traffic has reached the level where goods are “containerized”
(“piggy-back” or highway trailers hauled on railroad flat cars is a prom-
ising form) can inefficiencies in intermode transfers be made negli-
gible. Consequently, rail branch lines that could not be justified on a

¥ The first of these principles is stated explicitly on. pp. 18-27 of A Long Range
Transportation Plan for Argentina, op. cit. (1961), App. HII, and the second is im-
plicit in pp, 33-34.
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per. ton-mile: cost basis may be eflicient as part of a rail transport
system, Alternatively, a railroad may be inefficient as the backbone
mode of a system because of numerous connections with light-volume
highways or water transport.

. A third consideration in planning a transport system is the effect of
rising per capita income. As income approaches the level of developed
countries, more highly manufactured goods will make up a larger pro-
portion of the freight to be shipped. Because transport is a lesser part
of the value per pound of these manufactured goods than it is for
crude materials, the location of production becomes increasingly mar-
ket-oriented (instead of resource-oriented) as development progresses.
As this takes place, shippers will demand quicker deliveries and
more reliable delivery schedules. The added variety of goods increases
the potential inventories of manufacturers and sales distributors. How-
ever, these enterprises have been adroit at avoiding a rise in their in-
ventories/sales ratio by putting their businesses as nearly as possible
on a “flow” basis. This practice is feasible only to the degree that de-
liveries of materials to plants or goods to customers can be dated with
some precision. When this coordination breaks down, it is cheaper to
draw on a surplus somewhere and have it shipped rapidly, even by
airplane, than to maintain larger inventories. This explains the use
of trucks in the United States for shipments of several hundred miles
when railroad rates are much lower. Rapid development of “piggy-
back” with scheduled delivery times has enabled railroads to recapture
some of this business.

Although it is hazardous to generalize, taking the above and several
additional factors into account, it does appear probable that in the
earlier stages of development a road-highway system will be the most
efficient means of satisfying a nation’s transport needs. Even if built de
novo, a gravel surface road adequate to handle the sparse traffic of an
area in the early stage of development costs far less than a low-capacity
railroad. And capacity of roads can be increased progressively as traffic
needs develop; thus the uncertainty of return from investment in them
is less than for railroads.

Finally, the unique ease of handling traffic of widely varied size of
shipment and length of haul, and of movement off and on backbone
and feeder routes, all point to the superiority of road-highway systems,
especially where heavy long-distance traffic does not yet exist. Even
for areas beyond the early siages of development, where rail routes
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now exist, it may be predicted that consumption-travel use of roads
will be a result of increasing per capita income and will warrant more
highways—often paralleling rail routes. In any case, roads of a quality
only for light automobile traffic can handle a substantial amount of
light truck traffic at almost zero marginal cost of highway.

External Benefits from Various Transport Modes

The improvement of transport makes various social contributions as
well as reducing transport cost for identifiable production operations.
An increase in mobility can, for instance, augment a citizen’s sense of
being a member of a larger group. General availability of transport
can also re-order production and consumption behavior quite widely,
although the ways are difficult to predict from a product-by-product
or locality-by-locality analysis. One promising economic effect is the
commercialization of self-sufficient activities. Along with this comes the
growth of specialization in production by areas that are often stim-
ulated by increased availability of goods for agriculturalists to buy,®
Opening the doors to entrepreneurship puts more minds and imagina-
tions to work on the task of integrating private, small-scale enterprise
into the development of market economies.

To widely different degrees, transport modes stimulate such entre-
preneurship and the necessary related experience of workers. Formal
education assists in preparing persons for participation in the hired
labor force, but so does work under direction. Most skills can be
taught, but the more elementary skills are acquired by experience.
Entrepreneurship, to cite Schumpeter, responds to conditions favorable
for its exercise, and the improvement of road and highway transport
appears to be one of these conditions.

The process of creating transport in itself offers unusual opportuni-
ties for indigenous entrepreneurship. Because of the very low entry
barriers and small scale of firm requirements, private firms in road
transport owned by local persons can easily spring up. Low-quality
road construction and maintenance can be carried on by labor-inten-

" Shown for a variety of areas in the essays in Markets in Africa, edited by
Paul Bohannan and George Dalton (Northwestern University Press, 1962).

*For example, see E. K, Hawkins, Road Transport in Nigeria (Oxford Univer-
sity Press, 1958), pp. 40-50 and 89-94,
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sive methods, where the alternative employment of labor yields a very
low marginal product. Many workers then learn to work in teams, and
some of them to supervise and coordinate the activities of one group
with another. For railroad construction and maintenance much more
skilled supervision is required.

Private ownership reduces the administrative load of the new gov-
ernments, already burdened with more tasks of this sort than they
have the staff or experience to handle well. It also puts domestic sav-
ings to work. Moreover, the small size of motor transport firms means
that they probably cannot undertake their own repair or service work
economirally. Thus, motor vehicle service enterprises can be expected
to develop.

External benefits can be expected from any expanding commercial-
ized activity, but transport development has a unique feature. To the
degree that transport capacity must precede its extensive use by the
industries expected to respond to its availability, the incidental train-
ing of workers and supervisors during road construction and the spur
to small-irm entrepreneurship in motor transport, add further to the
conclusion that roads will often provide the most advantageous form
of transport in developing areas.
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Transport and Technology

WILFRED OWEN®

COUNTRIES WITH LOW STANDARDS of living are char-
acteristically countries with inadequate methods of moving, The reason
for this relationship is obvious. Transportation is an essential ingre-
dient of almost everything man does to supply himself with the neces-
sities of life.

Science and technology now provide the means of overcoming the
obstacles to movement which throughout most of history have re-
stricted the effective use of the world’s resources. Man has at his dis-
posal a choice of technological methods not even conceived of a few
decades ago. It is no longer necessary to move slowly and laboriously
through each successive stage in the process of transport evolution as
it was for nations that developed in an earlier period. The newly de-
veloping countries can reap all at once the accumulated benefits of
the transport revolution, and of innovations outside the transport field
that affect both the problem and its solution.

Tremendous strides have already been made in the transport systems
of Africa, Asia, and South America. Transport has opened the way to
previously inaccessible land and resources and has made possible new
agriculture and mining, new industry, new markets, and the com-
munication of new ideas. In the past decade, railway freight on these
continents has more than doubled. Thousands of miles of road have
been completed, and the number of trucks and buses has increased
one and a half times. Air transport, too, has provided connections
among most of the key cities of the world, overcoming for the first
time the isolation that has so long perpetuated poverty.

The transportation gap between the rich countries and the poor,

* The Brookings Institution,
69
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however, remains. Asia, with 53 percent of the world’s population, has
3 percent of the world’s motor vehicles. Africa and Latin America,
with more than onec-third of the land area of the world, have only 7
percent of its surfaced roads. Yet two nations—the Soviet Union and
the United States—account for 75 percent of the freight that moves on
the world’s railways.

The transport revolution has by-passed two-thirds of the world's
people. To date, the efforts of the newly developing countries have
failed to break the transport barrier. If a breakthrough is to be
achieved, it will be the product of a more effective application of sci-
ence and technology. What is needed is a total strategy for mobility
gimed at introducing effentive technological advances both within
transport and in other aspects of the development program affecting
transport.

A Total View

Since mobility is essential to almost everything that underdeveloped
countries are striving to accomplish, it follows that transportation is a
factor in the success or failure of the entire development effort. Foed,
shelter, health, education, and useful jobs are the ultimate goals, but
transport may be the catalyst essential to the realization of these ob-
jectives. This implies an apprcach which not only looks at transporta-
tion as a whole, but which looks beyond transport itself to the proc-
esses of production and distribution that the transport system is called
upon to serve,

The point can be illustrated by food. A goal common for most of the
countries of the world is to provide enough for people to eat and to
supply the kinds of food that will assure an adequate diet. The role
that transportation can play in attaining this objective is to provide
access to arable lands, to help communicate new agricultural tech-
niques, to make possible the delivery of seeds and fertilizer, to as-
semble and move the increased product to consumers, and to provide
the incentive to produce for the market.

But even when we look at transport in this broader framework,
solutions that seem satisfactory from a transportation standpoint may
still be ansatisfactory from a development standpoint. The goal of
increasing the food supply may not be served best by expediting
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movement at all.’ An alternative may be to introducé new methods of
storing or preserving what is grown. When storage is made possible in
producing areas, peak traffic demands typical of agricultural economies
can be flattened by spreading the transport burden over a ‘longer
period of time, and investments in transport capacity may be reduced
accordingly. Freezing, drying, or irradiation of foods may be the tech-
nology that is needed, not transportation. This type of solution may
have the added advantages of creating local employment, providing a
source of local capital accumulation, making agricultural wastes avail-
able for fuel or local manufactures, and reducing the weight and bulk
of commodities flowing into the transport system. An entirely new
approach to the transportation problem may emerge when science
and technology are focused on the objective of increasing the supply
of fo d rather than increasing the supply of transportation,

But the importance of scientific innovation lies also in the fact that
conventional methods of providing mobility have been costly in time
and material resources. The developed countries dedicated a very
large proportion of their energy and wealth over u period of many
years to providing adequate transport systems. Today’s developing
countries are too eager for immediate results and too hard-pressed to
meet a variety of urgent needs to permit uniecessary delay or waste.

Stages of Transport Development

The effort to break the transport barrier in the now industrialized
nations was a slow evolutionary process dictated by the rate of inno-
vation. Progress had to wait for invention, and it has taken a century
and a half to get things moving the way they move today. Five stages
can be distinguished in the advance toward higher standards of trans-
port. These stages are overlapping and their time and duration are by
no means definitive. However, they represent a general sequence of
events in which advances in transportation and progress toward higher
levels of living are clearly related,

First was the period of immobility and the traditional society. In
this period it was extremely difficult and costly to develop trade and
cultural relations on any large scale except where chaunels of com-
munication were provided by the rivers and oceans. The pattern of
living emerging from these conditions was predominantly one of
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Tlocalized  agriculture and handicraft -industries with'*a ‘minimum:of
economic integration, .0 Ie e
. Most of the people-of the world still live in this initial stage: of
primitive transport, and their efforts to break out of a subsistence
environment and to achieve a better life are being thwartec by the
same barriers to movement that plagued all generations before them.

The transport symbols of the traditional society today are the bullock
cart, the camel, the donkey, and the jugs and trays carried on human
heads. : -

- A second stage of transport development was the period of internal
improvements and the growth of trade. Human and animal power
were made much more effective by the development of turnpikes and
canals which reduced the cost of transport by traditional methods of
moving on land and water. This period of declining transport costs
saw both an expansion of capacity and a lengthening of the radius of
trade and travel.

A third stage in the evolutionary process toward greater mobility
and higher standards of living was that of transport mechanization and
industrialization. During this period steam power introduced both the
steamship and the first railways. It was a stage marked by heavy invest-
ments in transportation and by the establishment of a wide assortment
of manufacturing industries.

A fourth period in the evolution of transport has been the develop-
ment of motorization and the new mobility. This has been an era
marked by growing dependence on trucks, buses, and automobiles,
and by extensive efforts to provide all-weather roads. This is the
period when people and economic activity were freed from the limited
mileage of fixed routes provided by railways and waterways.

A fifth stage is the air age and the conquest of distance, a period in
which the world is being united by transport speeds that are obliterat-
ing political boundaries and adding a third dimension to the solution
of transport problems. It is not & stage, however, that has yet made its
impact in local and short-haul transport, which comprises a major
part of the transport problem.

In the less developed areas all of these stages are being experienced
simultaneously. Transport problems in Asia, Africa, and Latin America
reflect both a continuation of the immobility that constrained societies
of earlier times and a projection into the most advanced transport
technologies. This mixture of the old and the new suggests that there
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are two very different types of transport problems to be dealt with
in underdeveloped countries. The latest in technology serves the prin-
cipal cities and major arteries of commerce. Here the problem may
be little different from what is encountered in the economically ad-
vauced countries. In many rurel areas, however, where immobility and
bare subsistence go hand in hand, ancient and primitive methods still
prevail, and further solutions may also require elementary measures.
The choices open to the developing economy cover a wide range of
possibilities, and these choices call for care to assure the use of facili-
ties and services most appropriate to a nation’s necds and resources.

How the World Moves

One indication of the direction in which developing countries can
be expected to move in the planning of transport systems may be found
in the fairly universal trends in freight and passenger movements
throughout the world today. These trends, observable in both the
developed and less developed countries, are gathering momentum
regardless of different public policies that encourage or discourage
them. Public policy has influenced their timing but not their direction.

Recent Trends

The most noticeable development of the past two decades has been
the growth of motor transport and the construction of roads. In nearly
all countries goods movement by truck and passenger movement by
bus have become major new elements in the transport system. The
use of road transport for local services, for short intercity hauls, and
for small shipments suggests that under present technological condi-
tions a substantial part of the transport problem in newly developing
countries will be met through motor vehicles and highways.

For high-volume traffic, water transport and railways provide the
principal means of movement. Most railways are carrying more than
ever before, but they are losing short-haul business and much of the
higher-valued manufactured goods that they used to carry. This traffic
is rapidly gravitating toward the highways. The net result is that while
freight traffic on the railways continues to grow in absolute terms, the
railway share of total freight movement is on the decline. Other world-



74 TRANSPORT  AND TECHNOLOGY

wide.trends inciude the long-distance movement.of passengers by air-
~ plane and the use of pipelines for gas and oil. Both of these relatively
new. developments have added important new elements to traditional
transport patterns. ’ '
. For personal mobility the world depends predominantly on private
means .of movement as distinguished from public carriers that charge
for their services. Many people walk wherever they go, and many
others provide their own transport by camel, burro, bullock cart, coun-
try boat, bicycle, motorcycle, motor scooter, or automobile.

For public carriers three transport pattems have emerged, One is
characteristic of the economically advanced countries—the United
States, Canada, and Western Europe; another pattern is found in less
developed, densely populated countries, such as Japan, India, and
Pakistan, as well as in the Soviet Union and other Communist coun-
tries. Still a third trend is found in the underpopulated and underde-
veloped areas of the world. In some respects these patterns reflect
different stages in an evolutionary process; in others geography, pop-
ulation, and income levels provide the basis for the particular approach
to meeting transport needs.

Western Europe, the United States, Canada

Trends in the United States illustrate the transport matrix emerging
in an affluent society. Freight traffic in 1960 was double what it was in
1940. Every mode of transport shared in this growth, but some shared
more fully than others. Rail transport increased 53 percent and water
transport 89 percent. But pipeline trafic registered a 400 percent in-
crease, and truck transport expanded nearly 500 percent. As a result of
these different rates of growth, the railways’ share of total freight move-
ment dropped from 62 percent in 1940 to 44 percent twenty years later.
Pipelines and trucks, which accounted for 20 percent of total ton-miles
moved in 1940, were handling 40 percent of the total in 1960. Water
carriers showed a steady growth over the two decadcs, hut in the end
they had nearly the same share of traffic as in the beginning.

Technological changes in passenger travel resulted in even greater
changes in public transport methods. From 1940 to 1960, the volume
of travel in public carriers doubled, just as freight traffic had done.
But the railways did not share in the expansion, The railway share
of passenger business dropped from 64 percent to 28 percent. Bus
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TasLe IV-1. Intercity Ftéight T}aﬂic in the Unfted States,
1940, 1950, 1960 '

Type of Billions of Ton-Miles Percentage Increase
Transport 1040 1050 1660 1040-1960

Railways® 870.2 596.9 579.1 68,7
Motor Trucks 62.0 172.9 200.4 382.9
Inland Waterways

including Great Lakes 118.1 163.8 223.0 88.8
Pipelines 59.3 120.2 228.6 £86.6
Domestic Airways —o0 0.8 0.8 —d

Totalb 618.6 1,002.6 1,830.9 115.2

Percentage Distribution

Railways 61 56 44
Motor Trucks 10 16 23
Inland Waterways

including Great Lakes 19 15 17
Pipelines 10 15 17
Domestic Airways —0 - —s

Total® 100 100 100

Source: 1040 and 1950 data from “Intercity Ton-Miles 1039-1059,” Bureay of Transport Economics and
Statistics, Interstate C C ission, Stat t No, 6103 (Government Printing Office, 1061). 1060
data from Interstate Commerce Commission Annual Report, 1960,

* Revenue ton-miles including electric railways, express, and mail,

b Totals do not always sdd to 100 due to rounding,

¢ 14 million ton-miles,

Percent incrense, 5,014.8,

© 0,002 percent.

f0.03 percent,

€ 0.08 percent,

travel in 1960 was above the 1940 level but below 1950 and still de-
clining. But the volume of air travel was 34 times higher in 1860 than
it was two decades before.

Canadian experience has been comparable. Between 1940 and 1960,
when the total volume of intercity freight movement increased 118
percent, railway traffic increased 73 percent and inland water traffic 64
percent. During the same period, however, truck transport increased
649 percent, and oil pipeline traffic increased from nothing to a level
exceeding the ton-miles moving by truck.

In the passenger sector during the period 1948-1958, traffic by air
increased 456 percent while travel by rail declined 40 percent and
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-‘_intercity bus travel fell 86 percent, Most passenger travel in Canada,
as in. the United States, is by private rather than public carrier.!
Many of these trends have been duplicated in Western Europe.
'However, some differences from North American experience have re-
" sulted . from lower income levels, a higher density of population,
shorter distances between major urban areas, and geographically

TABLE IV-2. Interstate Passenger Traffic in the United States,
1940, 1950, 1960

Billions of Passenger Miles Percentage Change

Type of
Common Carrier 1040 1050 1960 1940-1960

Railways, Steam and Electric 24.8 92.5 21.6 —12.9
Intercity Bus 11.5 26.4 19.9 73.0
Inland Waterways 1.8 1.2 2.1 61.6
Domestic Air 1.0 10.1 84.0 —b

Total* 88.6 70.2 77.6 101.0

Percentags Distribution

Railways, Steam and Electric (11 48 28
Intercity Bus 30 38 26
Inland Waterways 3 2 s
Domestic Air . s 14 4

Total* 100 100 100

Source: Interstate Commerce Commiasion, Annual Report, 1940, Annual Report, 1050, Annual Report, 1960
. Touln do not always add to 100 because of rounding, .
b Percent increase 8,300,
smaller national units. European trends similar to those in North
America include the general increase in passenger and freight traffic
by all methods, the rapid growth of motor truck transport relative to
rail, the stable position of water transport in the total picture, and the
rapid shift of energy resources to pipelines. The outstanding differ-
ences are a continuing rise in rail passenger travel where population
densities are high, and limited dependence on air travel where good
rail service over intermediate distances eliminates the time advantage
of air travel between city centers.
'W. B. Saunders, The Problems of the Canadian Rallways, Vol. I, A General

Appraisal, submitted to the Royal Commission on-Railway Transportation in
Canada (Washington, D.C., 1960), Table VIII-2.
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These transport patterns are reflected in transport investment ex-
penditures. In the United States, annual new highway construction is
seven times greater than investments in railways; motor vehicle equip-
ment outlays add further to the overriding importance of road transport
in the total picture. In Western Europe half of the estimated $7.4 billion
capital expenditures for transport in the period 1956-1960 was for
motor vehicles and roads.?

U.SS.R. and Japan

There are outstanding examples, however, of industrial countries
with a markedly different pattern of transport development. Both the
Soviet Union and Japan place snajor reliance on railways for passenger
and freight traffic, and they began the shift to road, air, and pipeline
transport much later than the West. The Soviet rail system has for
some years carried up to 85 percent of all intercity freight, and ia
Japan a combination of rail and water transport, supported by local
movement by cart and wheelbarrow, provided a largely railway-
oriented system prior to World War II. Road construction in both
countries was kept to a minimum during these earlier periods. It is
only in the past decade that Japan has launched extensive roadbuild-
ing and motor vehicle production programs, while the Soviet Union
began to emphasize highway and air transport in its transport invest-
ment program even more recently.

Underdeveloped Countries

Like the Soviet Union and Japan, less developed countries with
high population density and an extensive area are likewise rail-oriented.
India, Pakistan, and China depend heavily on rail movements, sup-
plemented by river transport. But in most of the developing coun-
tries with lower population densities, this pattern does not apply. In
these countries reliance is primarily on road transport, with air trans-
port or pipelines sometimes playing a significant role. In Colombia,
for example, 57 percent of 1960 traffic was carried by truck, 19 per-

*$0.5 billion for vehicles and $1.3 billion for roads. Eighth Report of the
Organization for Europern Economic Cooperation, Europe Today and in 1960,
Vol. I, April 1957, p. 52.
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TaeLe IV-3. Freight and Passenger Transport in the U.S.S.R.

(In billions) ) e
Type of Total Ton-Km. Percent Distribution Total Passenger-Km. Percent Distribution - -
Carrier 1940 1962 1950 1968 1840 1962 1950 196¢°
Rail 415.0 1,646.3 85.1 7.7 98.0 189.3 92.2 8.7
River $6.1 109.8 7.4 5.2 3.8 4.6 3.6 1.6
Marine 23.8 173.1 4.9 5.2 0.9 1.3 0.9 0.4
Pipe 3.8 74.5 0.8 3.5 :
Road 8.9 118.0 1.8 5.8 3.4 81.5 s.e 7.4
Air 0.02 0.89 0.01 0.0} 0.2 20.3 0.2 6.8

Total 487.6 2,117.6 100.0 100.0 106.8 297.0 100.0 100.0

Soum:th:lShtilﬁulBoud,theComu]dhﬁnktasoﬂthSSB,me.lm.
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cent by inland rivers, 17 percent by rail, and 7 percent each by coastal
vessels and pipelines.? '

Transport trends in Colombia have been comparable in many re-
spects to those of more developed countries. In the period 19511960,
commodity movements other than crude oil increased 75 percent;

TasLE IV-4, Distribution of Freight Traffic,
Selected Asian Countries, 1957

(Freight traffic in thousands of ton-km,)

Total Ton-Km, Percent Distribution
Country
Rail Ronde Water® Rail  Roads Waterb
India 78,415 4,550 5,950 88 ; 7
Japan 48,991 18,724 41,000 57 13 40
Pakistan 6,684 438 4,060 66 4 41
Thailand 1,025 780 500 44 34 28
Burma 621 388 1,400 26 16 68
Indonesia 1,044 1,508 8,40: 17 26 57
Philippines 190 1,558 800 9 76 15
Vietnam (S.) 82 850 1,210 '] o1 7%
Cambodia 62 126 400 11 21 68
Source: E ic Derell t and Planning in Asia and the Far Ead, VI, Transport Development, UN,

Economic Bulletin for Asia and the Far Eaat, Vol. XI, No. 8, December 1080, pp, 6-7,
* Road traffic is estimated by multiplying the following assumed annunl performance by the numbers of
registered vehicles by type:

Type of : Rate of Av, annual dis- Annual
Year Vehicle Capacity performance  tance travelled performance
1057 Bus 80 pass. 0.80 40,000 km, 960,000 pass.-km,

Pass, car 5 pans, 0.40 12,500 km, 24,000 pass.-km,

Truck 24 tons 0.50 20,000 kmn, 35,000 ton-km,

b Except in the case of Japan, Indonesia, and the Philippines, water transport refers to inland waterway
traffic only, figures of which are worked out largely on the basis of the estimates of the number of vessels, inland
country boats, the average load factor and informed opinion regarding the average length and number of
journeys performed annually, For Japan, Indonesia, and the Philippines, figures refer to interinaular freight
traffic. In the case of Indonesiz and the Philippines, estimates are made by multiplying actual tonnage carried
by an average haul of 506 km. for Indonesia and 200 km, for the Philippines,

transport by highway doubled; railway traffic increased 39 percent;
and river traffic remained unchanged. There was some increase in
coastwise shipping and in the use of product pipelines, but their con-
tribution to the total remained small. A 23 percent increase in pas-
senger traffic in Colombia during the same period was due entirely to

*Republic of Colombia, “Plan for Improvement in National Transportation,”
Parsons, Brinckerhoff, Quade, and Douglas (December 1961), pp- 89,
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the' exparnision of bus and air services, with rail and water traffic
actually declining 18 and 65 percent respectively. :

* Transport trends throughout the developing world are often the
product of fairly obvious circumstances. Over much of the rural coun-
tryside where population density is low, the only feasible way of mov-
ing is by road—walking, cycling, headloading, hauling by animal, and
possibly transporting by wagon, cart, or some type of motorized
vehicle, Where rivers are navigable, both local and long-distance traf-
fic may find these ready-made water routes indispensable. And on
long hauls the airplane is often the obvious answer for moving people.
In other circumstances, difficult choices and combinations of choices
have to be made. Trends to date indicate how decisions have been
made in the past. What we need to know is whether or to what extent
these decisions have taken into account all the relevant considerations
and how public policymakers might find additional guidance in the
future.

The process of choosing among alternative transport media involves
four principal sets of factors. One is comparative transport costs and
capabilities. Another is the influence of transport costs on production
costs. Third are the net effects on development of the several methods
of transport: the different inputs and outputs of capital, managerial
skill, labor, and other factors. These three are discussed by Richard B.
Heflebower in Chapter III. A fourth set of factors are the potentials of
transport innovation which may alter transport cost and quality in the
foreseeable future. (A more extensive treatment of the choice of trans-
port technology is contained in my recent Brookings book, Strategy for
Mobility.)

The Outlook for Transport Technology

In a period of rapid advances in science and technology it has be-
come increasingly important that developing countries take advantage
of what is new or that they maintain flexibility in anticipation of
coming changes.

The world is now on the threshold of extraordinary developments
in transport as well as in areas that will have an important impact on
transport. For the first time in 5,000 years the world is witnessing in-
novations that challenge the wheel as the symbol of mobility. Vertical
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takeoff aircraft, hydrofoil ships, ground-effect machines, and pipelines
for solids as well as liquids and gases all operate without wheels, New
forms of energy are also creating conditions for radical changes in
transport, not only because they supply new motive power, but be-
cause they alter the nature of the transport problem itself by introduc-
ing substitutes for fossil fuels. Nuclear energy reduces the burden of
fuel transport, and long-distance transmission of electric power sub-
stitutes wires for rails in the movement of coal, Telecommunications
have now introduced effective substitutes for transport.

Pipelines

Among the relatively new transport media, the pipeline has a grow-
ing role to play in the whole transport investment picture. Continuing
improvements in the quality of pipe and in the ease of installation
and operation have resulted in a rapid expansion of this form of trans-
port, with important implications for conventional methods of hauling
coal.

The feasibility of pipelines for developing countries lies in their
ability to traverse even the most difficult terrain, to be practically unaf-
fected by weather, and to furnish transport of bulk commodities at low
unit costs. Land costs are held to a minimum by burying the pipe to
avoid interference with tie use of the land. Another advantage of
pipeline systems is the relatively routine nature of operations, which
can be performed by the novice after a short period of on-the-job
training. Periodic inspection and overhauls requiring greater skills can
be accomplished by a small number of technical personnel moving
over the system at regular intervals by air. The pipeline also has the
advantage that its construction is not disassociated from the purpose
it is to serve, so that investment is determined by known rather than
imaginary needs. Finally, the pipeline must be in good working order
if it is to function at all, with the result that the economic drain from
poor maintenance and low operating efficiency typical of road and
rail transport is not experienced.

Further potentials for pipeline transport are now evident from
recent success in piping bituminous coal. The coal is ground to the
consistency of coarse sand, mixed with an equal share of water, and
pumped a hundred miles in thirty hours. What can be done with coal
is also possible for a wide variety of other materials. Moving solids by
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Ppipe, and doing so more cheaply than by rail or water, presents a real
possibility for heavy-traffic routes in newly developing countries, It is
now clear that any substance that can be broken into small pieces and
suspended in a liquid- can be moved by pipe. Thus far the technical
drawback has been the cost of preparing solids for the trip and then
reclaiming them at the other end. Engineering advances are overcom-
ing some of these problems. -

Aviation

Despite its promise in a variety of other uses, aviation continues to
make its major contribution in long-di-tance passenger travel. Its ap-
plication to the short haul and to cargo movement may still prove to
be a major potential for economic development. Special importance
attaches to the progress being made in vertical take-off and in the new
designs for cargo carriage. Most of the aircraft that developing coun-
tries heve so far had at their disposal for air cargo are used piston
planes that were displaced by jets. As a stopgap these aircraft offer
the advantage of small initial capital outlay, but they also have the
drawback of high operating costs.

" But conventional aircraft purchased secondhand are not the type of
vehicles that would be specifically designed for developing countries.
What is necded is an air vehicle that moves at relatively slow speed
in order to reduce the cost of ground and navigation facilities and to
increase safety and reduce operating complexity, A satisfactory cargo
plane should also offer ease of loading and unloading and the ability
to take off and land at small airports and on rough runways.

The variety of conditions encountered throughout the world does
not suggest that any one aircraft can meet the need for economy and
performance in developing countries. But aircraft designed to provide
local or feeder service in developing countries might have some char-
acteristics in common. Most developing countries have limited surface
carrier competition and are therefore able to move cargo by air over
relatively short distances. If aircraft are designed for a four-hundred-
mile range instead of a thousand miles, therefore, the ratio of payload
to gross weight will be higher, with consequent reduction in ton-mile
costs. For short distances, increases in speed do not achieve important
time savings, so there is no need to incur the expense of higher speed.

Another possibility is aircraft capable of vertical takeoff and land-
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ing. Helicopter operating costs are still high, but the introduction of
jet power has been an important breakthrough. The helicopter intro-
dgges important economies by eliminating costly ground facilities and
by reducing the problem of pick-up and delivery by surface carriers.
Recently designed helicopters could carry cargo short distances for
about 16 cents per ton-mile. For hauls over fifty miles, however, some
combination of direct lift and fixed wing would be necessary to achieve
an economical transport vehicle that would take off vertically.*

Air transport can do mu~h more than it has to date to serve the
development program. Local air carriers can stretch the supply of
scarce technicians by enabling them to visit mcre people and more
places than would be conceivable by surface travel. Aircraft can carry
doctors, medical supplies, and government and business officials
quickly to where they need to be. The airplane can help discover and
map a nation’s resources, can spray, dust, and fertilize crops, and can
fight insects and disease. It can survey sites for new construction proj-
ects and carry supplies to remote locations. The need for these and
many other local services points to the important role that specially
designed aircraft might play in the future development of the poorer
nations,

Hydrofoils

A more experimental but potentially significant method of move-
ment for developing countries is the ground reaction vehicle which
operates just off the surface of the ground or water on a cushion cre-
ated by downward jets of air. The air-cushion vehicle has particular
applicability for travel over unstable ground or difficult waters where
shoals or other obstacles impede navigation. Its applicability to newly
developing areas is apparent. It would provide transport service over
low-cost tracks of cleared land without a heavy investment in road-
ways and bridges, and it would be able to operate in the rainy season
where existing roads are impassable, The hydrofoil ship may be an-
other significant move toward improved transport by river and coastal
transport.

*Philip R, Carlson, “Application of Air Cargo Transport to Feeder Operations
in Less Developed Areas,” in Transportation, Vol V, United States papers prepared
for the United Nations Conference on the Application of Science and Technology

for the Benefit of the Less Developed Areas (U. S. Government Printing Office,
1963),
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Road and Rail Transport

rngpi'déte,'howeVer, about three-quarters of all transport investment
in'developing countries is for conventional rail or road transport. This
emphasis will continue for some time to come, so that innovations that
enhance the advantages of these forms of transport will be highly
significant. Gas turbines, for example, can reduce the complexity of
motor vehicle engines and introduce further ~conomies in vehicle op-
eration. The turbine engine contains fewer moving parts and can
operate on a variety of liquid fuels. Turbine-powered trucks have a
power plant that weighs less than a tenth the weight of a diesel engine
with equivalent power. Further cost reduction may lie in the use of
lightweight materials, the improvement of roadbuilding techniques,
and in new sources of railway motive power and traffic control sys-
tems.

In addition to these developments, improved methods of packaging
and cargo handling offer important advantages. Containerization
makes it possible to transfer cargo quickly and cheaply from one
method of transport to another. It is possible for containers to be
moved on barges or railway flat cars over long distances and then trans-
ferred to trucks for the shorter haul at destination, Container traffic is
protected from pilferage and damage from handling or bad weather
during transshipment. The economy of this type of operation suggests
that for suitable types of commodities, railways may retain traffic in the
future that might otherwise have shifted to other modes.

The Impact of Nontransport Technology

Scientific innovations outside the transport field may significantly
affect the nature of transport problems and the steps taken toward
their solution. We have nuted that the movement of mineral fuels
accounts for as much as 25 to 40 percent of total railway operations. A
nation’s energy policies will be a major factor, therefore, in determin-
ing both the volume and the type of transport required.

The railways of India, for examyple, are heavily burdened with coal
movements, and very heavy investment in rail equipment is required
to meet the anticipated growth in coal usage during the next decade.
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One-third iof ‘the ‘coal is for-use by-the railways themselves, so that
electrification or conversion to diesel power would substantially reduce
the volume of coal to be transported. Further reductions might be
accomplished through the development of natural gas or oil, the use
of nuclear power, and the long-distance transmission of electric power.

Preservation of Raw Products

‘Other innovations that may alter the demand for transport include
facilities for the storage, processing, and preservation of agricultural
products, The predominant role of agriculture in underdeveloped
countries means that the demand for transport is highly seasonal and
that peak tonnages at harvest time create extraordinary pressures on
transport facilities. It may be possible to reduce these peaks as new
methods of food preservation are developed.

A number of new devices are available for preserving food and thus
reducing the need for investing in refrigerated transport and high
speed transit. They include radiation, dehydration, and antibiotics.
Preserving perishable foodstuffs through dehydration has a special ad-
vantage in tropical climates where high temperatures make it difficult
to preserve fresh foodstuffs by refrigeration. Various techniques for
prompt dehydration can reduce the volume of goods to be moved as
well as level the seasonal variations in production.®

Experimental work has been conducted in Kenya using antibiotics
to prolong the freshness of meat and poultry. Although none of the
drugs can replace cold storage, they extend the keeping quality of
meat for almost two days after slaughter. This critical period is of
great importance in tropical and subtropical countries where the
faimer is interested in preserving what he markets until it is sold and
where unforeseen delays often occur during distribution.® Food pres-
ervation through gamma irradiation is another significant innovation
that makes it possible to stop reproduction of insects in stored cereal
crops and to delay ripening of fruits. All these processes are of vital

*M. B. Rouge, “Dehydration of Foodstuffs in Countries of the Tropical Zone,”
United Nations Conference on the Application of Science and Technology for the
Benefit of the Less Developed Areas (Geneva, 1963).

¢ Alfred Ginsberg, “Antibiotics in the Preservation of Fresh Meat rnd Poultry,”
United Nations Conference on the Application of Science and Technology for
the Benefit of the Less Developed Areas (Geneva, 1963).
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New methods of communication also provide new approaches to
transport problems. In developing countries transport is still the prin-
cipal means of spreading ideas, of achieving political unity, and of
making it possible for people to communicate. The volume of passen-
ger movement relative to freight movement on public carriers is gen-
erally high, and the volume of travel being performed on foot and by
animal or country boat is also substantial, Despite the heavy total
volume of movement, however, most people have neither the time nor
money to travel. They pass most of their lives within a radius of a very
few miles of where they were born. Transport does not begin to pro-
vide the communications that are necessary.

- A century ago transport and communications were closely allied
activities because communications were possible oni, through the
transportation of messages. This is why the Post Office in the United
States ‘has always had a keen interest in all forms of transport, from
the early development of roads for rural mail routes to the payment of
subsidies to airlines. With the development of telegraph and telephone
services, however, the link between transportation and communica-
tions was broken. The gap was widened by radio and television, and by
the transistor. :

. In the United States, for example, it was once necessary to main-
tain thousands of one-room schools in order to provide education for a
relatively immobile population. The consolidated school with adequate
teaching staff and physical plant was made possible by an extensive
roadbuilding program to permit the transporting of pupils by bus. It
cost some $40 billion for the roads alone and took several decades to
accomplish. Now electronics provides a means of reaching every vil-
lage and community with speed and economy. Classroom television
and radio have demonstrated the ability to multiply the effectiveness
of ‘'scarce teaching personnel in Egypt, India, Iran, and several Latin
American countries. These efforts have important implications for in-
vestment in transport and in education.

~"In-Chile 100,000 children in more than 1,300 rural schools, both
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public and private, are receiving lessons by radio. A similar radio
system in Colombia provides a widespread network of instruction in
public health, agriculture, and in reading and writing, In Egypt semi-
nars and discussion groups are conducted by radio and television
covering such fields as agriculture, health, national history, and
analysis of current affairs,

Transistor television now introduces further improvements over
transistor radio, and the communications function of the transport
system can be supplied through the air to hasten the benefits of educa-
tion, to disseminate ideas, and to stretch the scarce supply of teachers
and technicians. But if the underdeveloped countries were to attempt
a duplication of the educational television system in the United States,
they would find both the cost and time far in excess of what would be
feasible. Since each station serves only about 6,000 square miles, a
ground-based TV system involves hundreds of broadcasting stations
and interconnecting microwave communications.

Now it appears that the use of an earth satellite repeater system
would be more economical than a ground system. Programs would be
transmitted to the satellite and rebroadcast directly to community sets.
The area over which the satellite signals could be seen would range
from one to three million square miles. This would be equivalent to
the size of India or Brazil, or might encompass a group of countries
that could conduct television education programs jointly.®

For India a ground-based system such as the developed countries
now use would require 224 telecasting stations connected by an 18,000
mile microwave system. Even if the satellite is assumed conservatively
to have a life of only one year, this method of achieving a national
television network would cost substantially less than the conventional
ground system. Transistors make it possible to provide the necessary
power for community sets without a central supply, and local assembly
could substantially reduce the cost per set. But the main advantage of
the satellite system is that it could achieve the objective quickly.

*Hernan Poblete Varas, “Communications and Audio-Visual Systems in Rural
Education,” United Nations Conference on the Application of Science and Tech-
nology for the Benefit of the Less Developed Areas (Geneva, 1063).

*N. I, Korman and A. Katz, “Television Broadcasting from Satellites,” American

Rocket Society, 17th Annual Meeting, Los Angeles, California (November 13-18,
1962).
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Conclusion .~

. Modem technology has greatly improved the possibility that the
obstacles to development imposed by poor transport can be overcome,
In some cases the solution will be in doing conventional things better, -
and in others the answer will lie in approaching old problems in en-
tirely new ways. There are thus two basic problems to be overcome,
One is to take better advantage of what is already possible, and the
second is to undertake the research and development efforts neces-
sary to accelerate further innovation.

If the first problem is to be overcome, it will be necessary to pro-
vide the basis for selecting among alternative technologies, as well as
the organizational and policy frameworks in which wise choices can be
made. The principal drawbacks now are partly the absence of sufficient
information on cost and performance records in developing countries.
But a further obstacle to decision-making is that each segment of the
transport system is separately provided and programmed. The result
is that transport alternatives may never enter into consideration when
investments are being planned. Finally, the larger view of the relation
between transport and development goals too often conceals alternative
approaches to solutions that may not involve transport at all.

The situation calls for overhauling transport administration and
planning procedures to permit a total transport approach in the context
of the economic developraent effort as a whole. At the same time there
is urgent need for an imaginative program of research and development
that will focus on new transport techniques and new techniques for
meeting transport requirements in more effective ways through scien-
tific innovations outside the transport field.
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Design of the Transport Sector

GARY FROMM®

ROMOTING ECONOMIC DEVELOPMENT without plan-
ning is like attempting to reach home port in a rudderless ship. If an
emerging nation is to increase the rate of realization of its human and
material potential, normally it must establish an optimal framework
for both private and public economic activities. Adam Smith and
Thomas Jefferson to the contrary, reliance on market and political
forces and legislative intuition will seldom guarantee rapid growth
and prosperity in immature economies. Before ideal economic policies
can be implemented, a development plan is required. This plan should
encompass minimum final demand goals, production capabilities, in-
termediate output requirements, and other constraints, on a dynamic
national, regional, and industrial sector basis. Economic growth per se,
of course, does not depend on planning. Nor is planning a panacea for
all economic ills; indeed, it can be overdone and impede attainable
growth. Yet, both the social and economic consequences of develop-
ment can be improved greatly by intelligent planning.

A development plan is the sum and product of its parts—each sector
is dependent on every other sector, and all sectors as a whole depend
on each sector. Nevertheless, each sector is also influenced by unique
factors unrelated to the forces impinging on the others. Thus the trans-
port sector must be devised concurrently with other development sec-
tors which transport is designed to support and promote. However, it
must also be structured partly from particular economic, political,
and social facts and directions of the country’s economy.

This implies that a pattern of resource allocation for the various
segments of the transport sector can in some way be predetermined;

° The Brookings Institution,
89
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~'that the relationship among investments in roads, railroads, ports, or
air facilities has some validity in itself; or that at a particular stage of
development a pattern of investment in certain types of facilities is
called for. In turn, this pattern emerges from the need for integration of
the segments of the transport sector and the goals of the overall de-
velopment plan. Unfortunately, except for technological character-
istics, patterns of transport investment in one country offer little guid-
ance for others. Widely differing land masses and formations; differing
demographic, social, and economic organization and locations; differ-
ing stages of industrialization; previous investments and attention to
maintenance; dependencies on foreign trade; as well as differing na-
tional goals preclude any universal rule for resource allocation to
transport investment, and it should not be sought.! Furthermore, be-
cause a development plan is a combination of sectors, while a sector is
a function of discrete projects, attention from the outset must be
devoted to an evaluation of projects. The merit of any project hinges
on a large number of complementary and conflicting factors. Each must
be taken into account and appropriately balanced in assigning project
priorities.?

Common Factors in Sector Planning

. The primary factor common to all sectors in development planning
is the determination of economic returns (and other social effects) of
projects in terms of costs and benefits. In other words, the investment,
maintenance, and operating costs of projects should be compared with
the measurable benefits of the investments. (See the methods proposed

* Certainly much can be learned from an examination of the transport invest-
ment and growth experiences of the developed and developing nations. Nonethe-
less, Tinbergen’s conclusion that public and private transport investment con-
sistently and properly comprises 20 to 25 percent of total gross capital outlays
appears unwarranted. (Jan Tinbergen, The Design of Development, Johns Hopkins
Press, 1058, p. 81.) Not only does this range not have any normative significance
per se, but furthermore, Tinbergen’s own (ibid., pp. 80-01) and statistics of the
International Bank for Reconstruction and Development reveal many observations
outside of these limits.

*This is not to deny that projects should be examined in the light of an inte-
grated transport system, or to minimize the importance of administrative reforms
or inter-sectoral tradeoffs (e.g., between transport and communications or trans-
port and inventory {nvestment). These are matters which will be treated later.
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by Hans A. Adler in Chapter IX,) However, an obvious perplexity
remains. Because the benefits of transport facilities are frequently more
indirect than direct, they are extremely difficult to quantify, Especially
in the case of roads, total benefits cannot readily be measured in terms
of value of receipts, value added, or even quantity of product as is the
case in industrial investment decisions.

Benefits and Pricing Policies

In addition, the demand to be satisfied and the benefits to be derived
therefrom are often not fixed, nor are they independent entities, since
the demand will depend in part on a pricing policy. The pricing policy
established by the government, which may be indeterminate during
the planning period, not only influences the total demand for the facility
but can also have different indirect benefits for various industries and
trades affected. This results in further dificulties in calculating benefits.®

The problems of analyzing a new port project in an isolated and
underdeveloped part of an emerging country illustrate some of the
issues. The direct internal benefits to be derived from the port con-
struction and the lower port costs can be estimated in terms of port
revenues resulting from current traffic as well as from traffic to be
diverted from other transport media. Additional internal revenues from
the port can also be estimated (but in far less definitive fashion) from
traffic from new industries which will be made economically viable by
reduced transport costs. The economic benefits of the port are not,
however, limited to economies reflected in these internal port revenue
Hows. If, for example, the level of port charges to an export industry is
below that which the industry previously was payinz, there will be
external port economies and benefits in the form of higher profits
accruing to the export industry. An increase of port charges could, of
course, transfer these external benefits into internal port benefits; they
would then be reflected i1 higher port revenues. Similarly, the ex-
ternal benefits derived by shipping companies from improved port
facilities (quicker turnaround time, etc.) may or may not be reflected
in lower shipping rates and increased volumes, Thus, pricing policies

* This presumes that there are oligopoly elements present in the economy and
the government does not, and could not if it desired to do so, enforce price rela-

tionships which would apply under purely competitive conditions (and therefore
would be subject to endogenous determination),
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R ‘(g'dvérnment-aﬁd'private) affect the distribution of benefits from the

©facility, but they also can and do affect, through elasticities of demand,

the. total traffic and benefits which will accrue from the investment,

- This is not an evaluation problem that is unique to transport, nor can
it be: averted by merely assuming that pure competition, constant
and decreasing returns to scale, and marginal cost pricing are ubiqui-
tous in the economy. The real world is indeed imperfect. Economies
of scale, private enterprise monopolistic elements, inadequate foresight,
and other abberations will all cause deviations from the market prices
that would prevail in an ideal setting. The use of shadow rather than
market prices (cf. the chapter by Louis Lefeber) will alleviate some,
but not all, of the difficulties of benefit measurement caused by market
imperfections; their use will also aid in quantifying developmental ex-
ternal effects.

External Developmental Effects

Transport and other investments frequently serve a dua’ function,
playing both a passive and a dynamic role in the development process.
The transport sector is passive in meeting the current and immediately
foresceable demands of agriculture, industry, and trade. It is dynamic
in-altering relative price relationships between production factors (by
reducing distribution costs through the provision of ports, highways,
pipelines, etc.), thereby facilitating the exploitation of unutilized, or
underutilized, resources. Improved transport may also help to increase
the spread of the market economy, entrepreneurship, and private
savings and investment in productive activity.

Determining the extent of this dynamic stimulation of production
is difficult, however, if not impossible. It is even more hazardous to
place « value on these external developmental effects than to ascribe
them to particular projects or sectors, Not only may a major portion
of such gains have come abont without the new facilities, but, when
shadow prices are employed and substitution possibilities are admitted,
their net benefit may sometimes be small, if not negative. This is not
to say the beneficial effects are imaginary; indeed, they are frequently
tangible and large. However, in most cases, especially when the stimu-
lation of development by transport appears tenuous and the effects
are problematical, these benefits should be classed with other non-
quantifiable economic factors—to be identified and measured to the
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degree feasible and included in the cost-benefit project evaluation as
an addendum.* Where several projects have interdependent external
benefit or cost effects, they should, of course, be evaluated as a group
as well ‘as independently. This will internalize some of the external
effects.

Sector Plans and National Welfare

Another common factor in the formulation of sector plans is their
impact on income distribution among groups and regions (including
urban vs. rural) within the nation. The location and type of investment
in productive and social overhead facilities, though planned to be
efficient on economic grounds, may cause the relative, if not absolute,
well-being of some segments of the population to decline. These
changes may or may not be desirable from a social welfare standpoint.
It might be presumed that the most efficient economic plans should be
adopted and that inequities for particular groups or regions could
readily be corrected by appropriate tax and transfer policies. How-
ever, this is not necessarily the case in an underdeveloped country
hampered by strong vested-interest groups, a lack of requisite data and
trained personnel, and poor tax administration. Some modification in
“efficient” plans may be required to compensate for possible undesirable
effects on the distribution of income.

Regional disparities in income affect not only welfare, but national
unity. Even without income discrepancies, political stability suffers
when economic ties, communications, and transportation are limited
and segments of the population are not cohesive. Such instability can
lead to turmoil or a rapid turnover in governments (sometimes by
revolutionary means), and it can retard economic activity. Therefore,
for both economic and political reasons, certain transport projects may
be accorded high priority in the investment budget because they tend
to strengthen national bonds by linking isolated regions to the rest
of the country.

Other things being nearly equal, some investments may also be pre-
ferred because they add significantly to defense and national security.
Nevertheless, justification of outlays for productive and transport facili-

‘External effects on the cost side should, obviously, be considered, too. For

example, the opportunity use of scarce foreign exchange deserves careful
attention.



94 DESIGN OF THE TRANSPORT SECTOR

ties. on logistic or other military grounds should: generally be avoided
unless they satisfy a definite, defense requirement. To do otherwise is
to sacrifice economic efficiency for the sake of chauvinism.

. Finally, other social factors must be considered. Destruction of
scenic vistas or historic landmarks; the bastardization of local culture
and customs; the substitution of haste, noise, and pollution of air and
stream for nature’s serenity—are all part of the price that is frequently
paid for accelerating the rate of growth and “raising” the standard of
living. Depending on its population density and climatic, geographic,
aind agricultural characteristics, a nation may not b., indifferent to the
loss of natural assets and social values.

The problems discussed are common to all sectors in development
planning. Design of the transport sector, however, involves several
distinctive features of its own. These features are not so much unique in
kind as they are idiosyncratic in degree. Although found in other sectors,
too, they pose particular problems for the transport planner.

Distinctive Features of Transport Planning

Public surveillance certainly is one of the difficulties of transport.
The transport sector and its planning decisions are probably more
closely scrutinized by the public and by politicians than other sectors.
In addition to commanding a lion’s share of investment resources,
basic facility transport projects are primarily public investments; the
private sector generally cannot or will not make them, yet they vitally
affect private investment decisions as well as the regional interests which
the politicians represent.® Furthermore, these projects are usually visible

*The willingness of the private sector to undertake infrastructure investments
in the absence of government intervention is dependent on firms’ aversion to risk
and the expected values and variances of the rates of return. Where, due to
large capital requirements and uncertain demand, the risks are high, private
corporations may only invest if monopoly control can be exercised, if prices higher
than competitive rates can be charged, and if extra-normal profits can be earned.
For infrastructure projects, these requisites, especially when foreign ownership is
involved, may be politically unpalatable and cconomically undesirable, giving rise
either to direct government investment or regulation to insure adequacy of serv-
ice, “reasonable” prices, and minimum wasteful capacity. If the regulatory course of
action is chosen, then guarantees on rates of return and assurances against na-
tionalization may be needed to induce private infrastructure ventures.
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and affect large groups that can readily form and express judgments on
the facilities and their use.

Lumpiness of Transport Investment

Difficulties also emanate from the “lumpiness” of investment deci-
sions, since the supply functions for transport capacity are not con-
tinuous. Once a railroad expansion investment is indicated, the whole
expansion must be accomplished for the major benefits to accrue; a
road must be built between two points before it has much utility; for
an airport to handle major international traffic, it must be built to
accommodate the largest jet aircraft,

Complementary or supplementary investment requirements also in-
crease the “lumpiness” of many transport facility projects. A new deep-
water port planned to cost $20 million might be justified only if a road
system connecting the port with the hinterland were simultaneously
constructed at a cost of at least as much as the port itself. The trans-
port sector, of course, has no monopoly on lumpiness—other sectors
also are confronted by the necessity of providing excess capacity in
order to have any capacity at all. In the smaller emerging nations, how-
ever, the high capital requirements created by the lumpiness of trans-
port investments can be particularly burdensome.

Problems of Time and Space

Coupling lumpiness with two other interrelated problems, long time
horizons and the need for regional specificity, causes additional diffi-
culties. The physical or economic life of transport projects is probably
no greater than that for investments in many other sectors. Equipment
may be expected to be economically useful for 10 to 20 years, while
basic facilities (rights-of-way, roadbed, track, ports, airports, ete.), if
maintained, will not normally become economically obsolete due to
population shifts or alterations in the regional characteristics of pro-
duction for 20 to 40 or more years.®

*Future technological change may appreciably shorten this period by causing
faster economic obsolescence in the various transport media. Heavier trucks and
diesel engines make road and rail beds obsolete; larger deadweight tonnage ships

make ports inadequate; and higher specification international air equipment and
safety standards rapidly make the foresightedness of afrport designs of yesterday
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;.*This long life would pose no problems were it not for the lumpiness
of mvgsﬁnent. That is, the satisfaction of current transport demands
automatically creates excess capacity which can be utilized to meet
future needs. Thus, facilities provided in the present affect tuture
transport costs; inadequate consideration of future needs and improper
specification of capacities today, can engender wasteful expenditure
of resources tomorrow. It should be noted that these capacities are
not items in the abstract; they must be specific facilities, in specific
locations, designed to handle specific levels and types of trade and
passenger movement between specific points for a minimum of 10 to
20 years.

The long-range planning of industry or agriculture is rarely de-
lineated in a manner which the transport economist can use in this
time perspective. Long-range industrial sector planning may well an-
ticipate and specify a fairly detailed list of industries to be developed,
but usually without indicating the nature of the consequent transport
requirements. Often industrial sector plans, particularly in the realm
of private enterprise, place emphasis on the use of credit facilities to
stimulate private initiative, thus contributing to the vagueness in timing
and location of new industrial growth,

Similarly, long-range agricuitural planning has usually been limited
to indicating production goals by foodstuff types and means of in-
creasing production through seed, fertilizer, mechanization, water, and
credit programs. These programs are not readily translated, even in the
short run and especially in the longer run, into transport needs.

Confronted with the dilemma of planning geographically quite
specifically and well beyond the time period for which industry and
agriculture plan, and yet having to fulfill their largely implicit future
needs, the transport economist must develop (preferably in concert
with the planners of other sectors) explicit projections of the extent,
timing and location of transport demands. Obviously, the current and
foreseen demands of the various sectors should be extended as far as
the data and thinking permit but, because the horizon for these figures

appear to be nearsighted. Nevertheless, while such advances may make obsolete
the construction put in plece at an earlier date, they do not normally make the
rights-of-way obsolete.

The physical life of equipment and basic facilities can, of course, be much
greater than the economic life. Even today, one may find freight cars of 1910
vintage still in use. Whether these can justifiably be employed from the standpoint
of operating efficiency seems extremely dubious.
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will: generally be short, another level of abstraction is necessary. To
complicate .matters further, the transport planner is not, and cannot
be, given special timing consideration for the submission of the trans-
port sector plan document; it must be integrated and bound with the
rest of the plan. It must be submitted simultaneously, with specifica-
tions and cost estimates for transport facilities for yet partially unde-
termined industrial, agricultural, mining, and other developments.
. Reasonable ranges of anticipated production by the other sectors
(and their timing and geographic dispersion) can be derived from
nationally specified, realistic medium- and long-range goals; popula-
tion location and projection studies; and analyses of probable arable
land, water, and labor skill resource development. The cost and pricing
of the components of this activity do affect its total volume. It is
assumed that the planners are aware of the need to formulate their
projections so that the sectors are consistent with each other and with
feasible and desirable output capacities. (Note that this does not imply
that growth must be balanced.) The task could be simplified by ignoring
the regional distribution of future development and by planning on the
basis of the current pattern of industrial activity. However, adoption
of this procedure might be extremely costly (due to the large, sunk
nature of investments in basic facilities) were the current and future
regional patterns to diverge.

The geographical dimension of a country’s development is also
shaped by transport costs and available crpacity. Therefore, transport
should not passively acquiesce to the demands of other sectors, but
should endeavor to achieve a preferred areal distribution of production.
This is far too importan: a matter to be left solely to the transport
sector; the planning group as a whole should bear the responsibility for
basic locational decisions and the studies needed to support them.
Unfortunately, if the planning group is Zelinquent, this burden falls
solely on the transport planner. If he is to prepare reasonably reliable
estimates and help guide development into ils proper regional alloca-
tion, he must conduct the studies himself.

Allocation Problems

The determination of the best regional distribution of production
can probably only be done by some form of iterative process. Starting
with an initial specification, the analysis moves on to consider its impli-
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~ cations in terms of transport and other requirements. Once these have

‘been-ascertained; it is necessary ‘to reexamine the original allocations

to effect improvements, and so on. . S
,'Given a regional trade pattern, relating projections of transport
requirements per physical unit of production and delivery to the ex-
pected volume of final demand yields estimates of future transport
needs for the movement of goods.” The movement of labor inputs
(i.e., people) to satisfy production needs may be calculated on a
similar basis. For the most part these will be urban travel demands for
round trips from home to work. Assuming that the labor force and
employment grow proportionately, these demands are correlated with
increasés in urban populations. In agricultural regions, urban and near-
urban deinands are created by trips made to and from farms (trips for
the purpose of hauling produce to market and inputs to the farm have
been included in the goods production and distribution requirements
discussed above). The last segment of business travel, intercity trips,
will depend upon geographic conditions and the pattern and ex’ent
of interregional and international trade.

Finally, aside from some relatively limited governmental and military
needs, only consumer demand for transportation services remains. (Any
special military requirements should, however, be communicated to the
transport planner.) Generally, extensive investment to satisfy personal
travel desires cannot be justified at early stages of development when
the alternative uses of scarce foreign exchange and domestic capital
and labor skills have such great value. Nonetheless, these demands
can be met partly by hitchhiking on private business vehicles (mostly
trucks) and by the use of intratemporal excess and off-peak load ca-
pacity of roads and public rail and bus facilities. Yet, as development
progresses, rising incomes and a keen desire for personal mobility and
travel can create a demand for transportation services, especially by
automobile, far in excess of these capacities. In countries where most
cars are imported, the satisfaction of this den.and is, of course, subject
to government control through import restrictions. In other nations
where the production and sale of cars is dictated mainly by market
forces, potential purchases of automobiles and their use must be esti-

" More research on transport requirements (transport cube and density factors
per unit of product for basic commodities) would certainly serve a useful pur-
pose. In this area, the strictures cited previously on the use of data from the
developed nations does not apply.
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mated by conventional supply and demand analysis, i.e. by relating
consumption to income, price, and other variables, and production to
the availability and cost of inputs, Then, by applying weights indi-
cating the probable distribution of ownership and use pattern of cars
by region, the expected additional highway requirements can be fore-
cast. '

At this juncture, general information about the future economy has
been obtained and translated into initial estimates of the level and
timing of transport demands. The next step is the attempt to block: out
the basic framework and timing of the iransport infrastructure so it
can play its proper roles in development without misdirection and
waste of massive amounts of resources. Before this task of design is
completed a myriad of further problems will be confronted, some of
which will now be examined.

Some Specific Design Problems

First and foremost is the consideration of complete transport sys-
tems. Too frequently transport planners succumb to the temptation to
satisfy transport needs on a point-to-point basis without reviewing the
overall implications of the implied composite system. It is not neces-
sarily true that the most eficient transport plan is one that attempts to
provide the lowest unit costs between each origin and destination.
Given economies of scale and backhaul costs, circuitous routing, traffic
concentration on a particular mode, and the use of general-rather
than specific—purpose vehicles (and other seemingly inefficient pro-
cedures) may be desirable from a total transport cost standpoint. In
other words, planned “inefficiercy” may sometimes be efficient.

Most inefficiency, of course, is to be avoided. Where traffic volume is
potentially high, circuitous and “broken” routes may be costly artifacts
of inept planning.® Much inefficiency also arises from the need to

* There appears to be a tendency in transport planning to err on either one side
or the other in linking points within a given mode; either all points are served
by minimum distance conneciions, or the intramodal system is fragmented or in-
appropriately incomplete. Intercountry linkages at contiguous national borders
seem especially to suffer from the latter condition, a fact which tends to delay
economic Integration over broad regional areas. Thus, it is likely that trade
within the European Economic Community and Latin American Free Trade
Association has been retarded by poor physical transport connections and differ-
ing rate stmctures and regulatory practices.
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fi'employ, due to location and cost, several: nodes in transfemng passen-
~gers and goods from specific origins to specific destinations.. For ex-
“ample, . manufactured exports might be transported from the factory
by truck, rail, truck and ship before they leave national boundaries.
‘Certainly, some combination of mcdes may be necessary, but the
- number involved and the intermodal transfers should be designed so
‘that efficiency is enhanced, not retarded. The transport plan should
‘provide for integrating modes by selecting optimal locations for junc-
tions, by establishing feeder routes and linkages, and by encouraging
“low-cost methods (e.g., containerization, gravity unloading, etc.) and
terminals for intermodal transfers, The aim at all times should be to
~make available that capacity, regardless of mode, which minimizes
total distribution and travel costs. Savings or losses in this area fre-
quently can be large. S

. Costs and Speciﬁcations

The design task is also made m more dlfﬁcult by the varlabxhty of costs
with relatlvely small alterations in"specification; The change of a road
-from ‘a weight-bearing strength of a 16-ton axle load to 13 (which in
“terms'of truck volume would not appear appreciable) can increase the

construction costs about 40 percent; dredging a harbor to a 10-meter
depth, instead of 9, to accommodate ships at most tides might well in-
crease harbor costs 15 to 20 percent.® Issues pertaining to such specifi-
cations often become the critical points of policy decision. Yet their
"benefits frequently cannot be, or are not, clearly defined and quantita-
tively analyzed. Furthermore, the crucial factor in making a decision of
this sort may well be a political one which cannot be anticipated with
any great certainty. For example, bearing specifications for roads
often depend upon whether the government has the desire and the

In part these basic facility costs rise rapidly because of the inability to substi-
~ tute labor for mechanical equipment for some major construction operations
(e.g., dredging), and the high cost of skilled labor input for others. The lack of
“economic substitutability of construction methods establishes a fairly constant range
for many transport projects’ costs (including foreign exchange requirements) once
the specifications are determined. Here, clearly, is an area where the engineer and
the economist should cooperate~both in ascertaining feasible limits of substituta-
bility, given the current technology and the quantity and cost of available re-
sources, and in devising lower cost and more flexible construction methods. -
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:power -to enforce 'a’ weight. limitation and at what level it could be
madeieffective; ¢ ;i 0

»wAnother aspect of the cost and speclﬁcatmn problem is the possi-
bllity .of ‘tradeoffs between various cost components: basic facility
capital costs vs. vehicle operating costs; basic facility capital costs vs.
basic facility maintenance costs; and basic facility maintenance costs vs.
vehicle operating costs. Operating costs, as used here, include vehicle
investment charges per traffic unit (i.e., per ton-mile or car-mile), There
are also other tradeoffs against vehicle investment and inventory costs.
As the quality of a basic facility is improved, consequently raising its
cost, the operating costs of vehicles which employ it tend to fall. This
is most evident in the case of highways and railroads, where an im-
proved roadbed permits higher speeds and heavier loads and lower
unit fuel, labor, and. repair costs. Some evidence on this phenomenon
may be found in Chapter IIL

Maintenance vs. New Construction

Depending on geographic, climatic, and soil conditions, there can
be rather large variations in maintenance costs with alterations in
design. This is especially true where seasonal or daily extremes in
temperature or rainfall are experienced. Far too little comparative
analysis of original construction costs with maintenance costs of trans-
port media (under varying physical conditions, specifications, and input
cost of materials, machinery, and labor) is done today in transport in-
vestment reviews. It is too often assumed by the engineer as well as
the economist that input factors in the developing countries have com-
parable relative costs to those existing in the advanced industrial na-
tions, for maintenance as well as construction.

Maintenance, of course, is not undertaken for its own sake, but be-
cause of its impact on vehicle operating costs. Within a relevant range,
as maintenance expenditures rise, vehicle operating costs fall. Thus,
there may be an opportunity to lower total transport costs by substitut-
ing one type of cost for another. Incompleted past maintenance or
reconstruction of an existing facility should often have a first claim on
resources, ceteris paribus, prior to further extension of new facilities.
The existence of a road requiring maintenance should not, obviously,
automatically command a priority on resources for its maintenance
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=without ‘an analysis of comparative ‘benefits tobe derived from the
same resources used for an alternative investment. Unfortunately, in
the developing countries there is a strong bias for constructing new
transport facilities rather than maintaining existing ones. The bias stems
from such factors as: the relatively high cost of maintenance; the
shortage of technical skills; the requirement for foresight in terms of
planned acquisition of equipment, training of personnel and organiza-
tion for the execution of maintenance; and the lack of realization of
the real costs (direct and indirect) of not taking preventive or restora-
tive maintenance measures. Furthermore, the developing country fre-
quently finds it easier to obtain foreign loans for new construction than
to obtain increased taxes for maintenance.

A proper combination of maintenance and staged construction can
do much to reduce initial (or discounted) capital requirements, permit-
ting prospective demand to be met without overinvestment in excess
capacity. This is particularly pertinent to road design and construction.
It has been said of the Near East that some type of “road” exists be-
tween all inhabited points, having been engineered by the lazy camel
seeking the surest and shortest route. Following this original “engi-
neering,” the traffic has assisted in stabilizing the soil. There is enough
truth in this statement to assert that road construction often may be
simply an improvement to provide sufficient capacity and durability
for the anticipated traffic.

By projecting the type and level of traffic on road segments and
comparing the total costs and benefits of developing the roads to alter-
native higher levels of capacity and specification, decisions on staged
construction can be made consistent with long-range future road de-
velopment plans at a far smaller initial (at each stage) cost, thereby
freeing funds for other purposes. The gain here is in the potential
productive use of the cost savings which otherwise would have gone
into providing higher quality or capacity facilities on given segments
than are really needed at a particular time. The absolute, total capital
outlays (in constant dollars) for facilities built under staged construc-
tion will almost always be greater than if they had been built at a
single date. However, if the staging dates have been properly selected,
and if the alternative uses of the initial construction cost savings are
considered, the discounted present value of the staged construction
outlays (including extra maintenance) will be less than the unstaged.
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Where this technique has been introduced in planning and design-
ing roads, it has enabled the development of as much as one-third
again the kilometer length of roads to a level of needed utility with
the same construction budget. While this approach certainly does
increase planning costs, these costs, which appear relatively large in
the planning stage, are more than justified in terms of the opportunity
uses of the savings in construction costs.0

Importance of Administration

Although these gains are great, the administration of transport
facilities is probably as critical an issue in transport development as
the allocation of capital funds. Improved administration to utilize the
current physical capacities with greater effectiveness prior to further
investment in the facility, particularly for ports and railroads, may
obviate the need for additional capital outlays and should be a sine
qua non to any additional investment to expand capacity. This be-
comes evident when the costs of the alternatives are calculated.

The effective capacity of a port is not only determined by the physi-
cal equipment provided, but also by the coordination of a series of acts
and movements of equipment, cargo and administrative paper. For
example, a port in a developing country was recently handling approxi-
mately 400 to 500 tons per year per linear meter of quay; the same
facilities handling the same types and flows of commodities in a
Western European port averaged about 650 tons per year per linear
meter of quay. Since the cost of constructing an additional quay, back-
up warehousing, and facilities is about $4.0 million per 100 meters of
quay, an investment of this magnitude to meet rising demands for
port facilities might be avoided by only a 10 to 15 percent improvement
in the administration of the port.* Similarly in railroads, where capital
requirements are high, minor improvements in efficiency can frequently
effect substantial increases in capacity and avoid unnecessary invest-

“Yet staging is not an unmixed blessing—great care must be exercised in
formulating these programs, since there is danger of costly errors. Maintenance
costs may become prohibitive on low-standard roads, routes may be poorly
chosen, future costs may rise excessively, etc. Nevertheless, the mistakes with
staging are probably no greater, and possibly less, than in conventional designs,

" John H. Kaufmann, “Planning for Transport Investment in the Development
of Iran,” American Economic Review, Proccedings (May 1962), p. 402,
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f,_n;ent. Since the cost of improvement in’ administration usually: is: sig-
-niﬁcantly less: than the. cost. of new physical ‘capacity, the savings in
‘capital resources are great,

Deriving the Optimal Plan

As should be evident from the precedivg discussion, planning is a
complex task involving the use of a mass of information ranging from
precise engineering estimates to unknown economic responses to
vaguely delineated social objectives. How then can an optimal plan be
derived when the incommensurables are so numerous, the uncertainties
so great, and the alternatives so many? The outline which follows is
only an approach, not an answer.

Ideally, planning for any sector should take place within the context
of a comprehensive planning strategy which rigorously maximizes a
set of goals to a horizon. However, even if the highly sophisticated
iterative programming process cannot be undertaken, approxiroations
of its stages are still a valuable ingredient in effective planning, First,
a set of goals based on resource availabilities and national desires is
definitely needed as guidelines for sector design. Second, considera-
tion of how to achieve these goals in the long-run (and their geographic
implications) can aid in their attainment. Third, even if only on an ad
hoc basis, some form of near-term analysis which examines the sub-
stitutions and complementarities in investments between sectors and
attempts to increase their returns is desirable. This stage should also
endeavor to ensure overall consistency in resource use and availability.
Fourth, a determination of the costs and benefits of each sector’s
projects is essential to a rational allocation of resources. Fifth, pro-
vision for taking account of other indirect economic effects and social
and political factors that might influence investment ‘decisions must
also be made. Finally, there must be an opportunity to revise sector
plans to remove inconsistencies; also, because maximization of national
welfare entails more than maximizing economic product and involves
regional, group, and temporal equity and preference considerations, a
set of development alternatives susceptible to political choice must be
prepared.*

 While these stages have been presented as discrete, sequential steps, they will
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- Overall responsibility for this procedure should rest with the plan-
ning .group as a whole. Each sector, to varying degrees, must con-
tribute to every step in the process and must bear the primary burden
of evaluating its own projects.

Since at early and intermediate stages of development the division
of transport demand between production requirements and final con-
sumption is almost wholly weighted toward the former, the transport
sector has little role to play in the specification of goals. It enters im-
portantly, however, in the determination of constraints on their achieve-
ment, Transport must receive from the planning group an indication
of the future regional distribution of growth and any anticipations of
transport needs. In response, it must develop estimates of the trans-
port demands implied by this development and provide an analysis
of the long-run spatial and economic character of the required na-
tional transport network. This entails a complete description of the
existing system and detailed proposals for its expansion over time. By
iterating this process in cooperation with the planners of other sectors
and the central planning authority, feasible development programs
(comprising different intensities and geographic mixtures of transport,
industrial, commercial and agricultural production) which satisfy alter-
native goals can be formulated.

Similarly, for near-term analyses, a statement of expected demands
must be communicated to the transport planners and an indication of
the adequacy of capacity should be forthcoming as a response.” Secior
investment projects can then be devised to fulfill long-term needs and
relieve short-term bottlenecks. Their evaluation and the inclusion of
noneconomic factors in an addendum to the plan submitted for politi-
cal approval needs no further comment here.

In some countries, even the rather informal analysis just outlined
cannot be undertaken because of shortages of skilled personnel, lack of
adequate statistics and a data collecting and reporting mechanism,
failure to organize a comprehensive planning group, and other reasons.
To the extent that he is able, here the transport planner must: gather

be taken in practice with varying degrees of simultaneity. The resulting plans, too,
would be subject to continuing review and periodic revision and submission to
the legislature and executive for selection and approval.

¥ In both the long- and near-term cases, the pricing of output enters critically
in all cost (supply) and demand functions (cf. Chapter X for a discussion of pricing
transport services).
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“andderive his ‘own information on'the current and future character-
‘istics of the economy; assume what are apparently reasonable goals;
and proceed to approximate their achievement by suboptimizing his
own sector along the general lines proposed above. Hopefully, the
resulting specifications will not be overly inconsistent with those that
would be obtained under formal or informal global planning.

Conclusion
TR

% The investment decisions made today affect not only the standard
“of living of the present generation, but those of the future as well.
Because the need to raise the rate of growth and the income per capita
in the less developed nations is great, and becanse the economic re-
turns and social consequences of a purely laissez-faire approach can
be so significantly enhanced, government intervention to improve the
allocation and utilization of resources is advantageous. Such interven-
tion need not, and probably should not, take the form of direct control
over all directly productive activities, But there is a clear necessity for
establishing guidelines and policies under which the private sphere
will operate more efficiently, and for providing basic facilities, includ-
ing transportation, that are needed. The most effective way of doing
this is by means of an intensive comprehensive planning effort. What-
ever the limitations of this method, its solutions are superior to those
resulting when decisions are merely optimized for each sector inde-
pendently and feedback and interdependent long-range effects are
largely ignored. Economy-wide planning should not be implicit, but
explicit. Nevertheless, for some countries, this technique cannot be-
come fully operational in the near future because of gaps in requisite
data and shortages of trained personnel.

In the absence of comprehensive planning, the transport plammer .
must labor under decided disadvantages in designing his sector of a
development plan. He must detail the investment in transport facilities
to meet the requirements of other sectors in the economy not yet
specifically defined, and he must also work with a time perspective
appreciably greater than the usual sector-plan period. This forces him
to frame (with due regard for potentially desirable regional production
shifts and other tradeoffs) transport infrastructure programs in the light
of basic natural resources, geographic, demographic, trade and other
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economic factors as well as transport needs derived from currently
planned or prospective development projects. These basic factors can
then be interpreted in terms of anticipated population, agricultural
and industrial centers and types of commodity and trade flows; and
then, taking account of technological and cost characteristics of dif-
ferent modes, they can be translated into transport requirements, With
requirements seen in this perspective, the use of the various alternative
transport media can be interrelated so that a more integrated system of
facilities can be developed.

Too often plans for the transport sector are primarily a collection of
individual project proposals for roads, railroads, ports, and pipelines.
Many, if not all, of the Proposals may have favorable cost-benefit
ratios, but together they do not represent an efficient system of facili-
ties which minimize resources to meet the estimated total transport
needs. Planning an integrated system of transport facilities points up
the imperative time sequence of engineering planning and construc-
tion for facilities which are related not only to one another (e.g., feeder
roads to rail heads, roads to new ports, etc.), but also to projected in-
dustrial and agricultural programs. The long lead time for transport
projects, from initial proposals through feasibility testing to facility
use, also heightens the attention which must be given to this aspect
of transport sector planning.

Analyses of transport sector projects, while not having to grapple
with such imponderables as the benefits from possible health or edu-
cation projects, nonetheless face obstacles in estimating both indirect
(and sometimes direct) costs and benefits. In progressing from project
to program to subsector and then to sector determinations, the con-
ventional marginal investment analyses become less definitive and
less precise. It is not suggested here that an aggregative approach to
the transport sector can replace project cost-benefit analyses. How-
ever, if these evaluations are conducted within a framework of a na-
tional transpert pattern developed as indicated, it appears that im-
proved transport investment decisions in the light of pertinent regional
or national plan objectives can be made, and that fewer misallocations
of resources to and within the transport sector will occur,
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‘Economic Development and
Regional Growth -

LOUIS LEFEBER®

ECONOMIC DEVELOPMENT implies that national income
grows at a faster rate than population and that the benefits from
growing national income lead to improvements in the standard of living
of low-income groups. Hence, not only income growth but also income
distribution is involved.

In overpopulated countries, the functional distribution of income is
bound to yield high incomes to owners of scarce resources as well as
low wage rates to employed labor.* The unemployed (or equivalent
underemployed) earn nothing. They exist on subsistence farming and
on official or private charity. The functional distribution could move
in the direction of greater equality only if unemployment were first
eliminated. From then on, further increases in the relative scarcity of
labor would be accompanied by corresponding relative increases in
wage rates. One could, of course, conceive of various schemes for
redistribution in favor of the unemployed. But it is unrealistic to
assume that a continuous improvement in income distribution could,
in the long run, be attained if the functional distribution itself did
not move in the right direction. Hence, the minimization of the time
needed to attain full employment is to be considered a primary social
goal. The implication is not, of course, that other social goals do not

° Massachustts Institute of Technology.

*Even if labor were not homogeneous, this conclusion would, in the long run,
hold for all labor groups. The short run scarcity of skills would be relieved
through training, and the wages of specialists would conform to the wages of

unskilled labor suitably augmented to compensate exactly for the cost of train-
ing. This type of adjustment requires, of course, competition,

108
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exist, For instance, maximizing the rate of growth of consumption or the
discounted sum of future consumption may be alternatives. More real-
istically, a large number of objectives may be pursued simultaneously.
However, reaching full employment at the fastest rate is certainly one
important goal and under certain circumstances it could be a dominating
one. .

If capital is the only constraining factor, the rate of growth of na-
tional income and employment depends on the rate of saving, This
assumes an efficient use of resources which cannot, however, be taken
for granted. If conditions favorable to competition prevailed, the
market mechanism could reach the right decisions. The function of
govemnment planning would then be no more than to facilitate the
mobility of factors, provide certain social services, improve the in-
formation available to decentralized decision-makers and otherwise
diminish risk. But competitive conditions cannot be expected to pre-
vail in developing economies, at least not to the extent operative in
more industrialized countries. (For instance, the establishment of new
industries in thin markets may directly result in monopolization.) For
this reason and sometimes for ideological reasons, the governments of
most underdeveloped countries directly participate in many types of
market decisions.

Under ideal circumstances, government control of pricing and in-
vestment could be as efficient as competitive enterprise, and even more
s, if long-run increasing returns and external economies existed, How-
ever, government enterprises would have to be operated competitively,
requiring decentralized decision-making by administrators who would
act as competitive (social) profit-maximizing entrepreneurs. Competi-
tion (real or simulated) requires pricing and investment autonomy;
however, politicians may feel that development is too important to
leave to competitive determination.

Among the primary areas of conflict between politician and econo-
mist is the problem of regional economic development. Each regional
political unit within a nation wants to develop as fast as possible. Yet,
in all likelihood each one is differently endowed; hence, its pattern of
development and growth should be different from the point of view of
national efficiency. But the political body will seldom accept such
facts of life. Regional and other pressure groups exercise their fre-
quently very considerable influence to introduce policies they hope
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will work in their favor, whether or not the same policies are also in
the nation’s interest. Thus, unemployment may be decreased in some
areas at the cost of creating more unemployment elsewhere; urban
food prices may be depressed at the cost of discouraging farm produc-
tion; excess capacity in transportation may be created in some regions
while. critical bottlenecks develop in others; and the price system can
be distorted to protect the nonviable at the expense of hampering the
efficient, All these examples represent situations where efficient pat-
terns of pricing and investment are violated and where, as a conse-
quence, the nation’s economic development is unnecessarily impeded.

In this paper some models demonstrating the relationship between
national and regional economic growth will be constructed. Though
the models are simple, they nevertheless can yield patterns of efficient
price relationships, the violation of which may retard the growth of
national income and employment.

Furthermore, the models are computable for many sectors and with
nonlinear production functions. This is important because they can
be used for the numerical evaluation of the effects of alternative
patterns of consumption, investment, and other growth factors. They
can also be employed for projecting the demand for those productive
capacities which will not be provided by the private sector in sufficient
quantities—such as transportation and social overhead capital—and
which must be planned for by the government if the desired rates of
economic growth are to be sustained.

Simple Models of National and Regional Growth?

Assume that the production of investment goods and other non-
farm activities are located in well-defined urban industrial regions. All
goods are produced with labor and capital, and production is subject
to the law of constant returns to scale. Furthermore, the country is

*The models given in this section were computed with a nonlinear maximand
and six sectors (including a transport sector) by Mssrs. M. Datta-Chaudhuri of the
Massachusetts Institute of Technology and Frank Levy. For models of this type a
very general and readily computable solution involving m sectors and nonlinear
production functions is given in L. Lefeber and S. Chakravarty, “Wages and
Growth,” Center for International Studies, Publication No. C/64-27.
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endowed with agricultural land used only partly by commercial farm-
ing, The rest is occupied by a subsistence sector which for lack of
capital is unable to increase its output beyond the immediate con-
sumption needs of its workers, Commercial agriculture can draw
unimproved land from the subsistence sector and produce, with the
application of capital and hired labor, farm goods for commercial
disposal.

The subsistence sector is also the source of labor in unlimited
amounts; the supply of labor in the classic manner of Lewis is infinitely
elastic at some minimum rea] Wwage rate.® The rate must be such as to
permit labor employed in the commercial sectors to satisfy certain
basic needs at institutionally determined minimum levels as well as
to provide some motivation for seeking employment outside sub-
sistence agriculture,

To determine this wage rate one must make the simple assumption
that the services of labor in the commercial sectors are “manufactured.”
In other words, every unit of labor employed outside the subsistence
sector requires a given amount of housing, food and manufactured
goods. These needed inputs are not necessarily the same in urban and
rural areas; for instance, urban housing requirements may be much
more elaborate than rural housing and they may, in addition, include
a number of urban services,

Under these assumptions, labor is nothing but an intermediate good,
and the wage rate must equal the value of the bundle of goods needed
to maintain the last unit of labor employed in a particular activity.*
Given homogeneous first order demand relationships for these main-
tenance services, the income of commercially employed labor must
exactly match the total cost of the goods and services needed for its
maintenance,

If labor is an intermediate output and its wage income exactly

'W. A. Lewis, “Development With Unlimited Supplies of Labour,” The Man-
chester School, May 1654,

‘L M. D. Little made a bastcally similar assumption in his article, “The Real
Cost of Labor, and the Choice Between Consumption and Investment,” Quarterly

that an intermediate good, for which there is no final demand, is arbitrarily
weighted and maximized along with his final good. More important is his assump-
tion concerning the savings of Iabor to which I shall return later,
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corresponds to the cost of its consumption, then it follows that the
value of the final goods and services must correspond exactly to the
rents accruing to the owners of capital. I shall assume that the latter
save their entire profits.® Hence, in any time period final demand
exists only for investment goods. The output of the latter is then used
in the next period to augment the capital stocks in the different sectors.

The growth process can be summed up as follows: By maximizing
final output or savings one can simultaneously determine the alloca-
tion of investment, the amounts of labor needed in each occupation,
and the amount of goods and services needed for their maintenance.
Given the value of the maximand, i.e., final output or savings, one
can repeat the process for the next year and subsequently for follow-
ing years, thereby generating the growth of the economy. This can go
on as long as labor is available in unlimited quantities, and forever if
the rate of growth of the potential labor force is equal tu or exceeds
the rate at which actual employment can increase.

Economy with an Urban Industrial Center and an Agricultural Region

Assume then that investment goods are produced in the urban area
with the help of capital and labor. The urban labor force requires
housing and manufactured, as well as agricultural and consumer goods,
for its maintenance. The rural labor force in agriculture requires
similar services but possibly in different quantities. Furthermore, the
production of goods and services, as well as the movement of farm
goods to the urban region and of manufactured goods to rural areas,
requirc transportation. All relationships are first order homogeneous.

Investment goods and transportation services are denoted by X'
and X?, and the total output of nyricultural goods, manufactured con-
sumer goods, and housing services by C*, C?, and C* respectively. Then
the demand for consumer goods by urban labor (Ly) and rural labor
(Lz) can be represented as follows:

1] Dyi(Ly) = Cv!, j=1,2,3;

* Capitalists, of course, also present demands for consumer goods, but for
simplicity’s sake I abstract from them, They could be shown, for instance, by a
proportionate augmentation of labor’s consumption. Thus the essential structure of
the framework would remain unchanged.
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and:

Cel v Daa)=cw, j=1,23
{@:Tvlge,édepand; for transportation: can ‘be written: as a function: of the
diverse; outputs: and the movement of consumer goods between ruiral
and urban areas: ;

3] - (X, ¢, ¢y Cf, Cg)‘, Cr}) = X2,

The demands for different gdods and’ services must be met by
production. In the consumer goods industries we have

4] Oy + Cof = C7 = gi(Ko!, Lo?), j=1,2,8; _
and for the investment goods and transportation

5] Xi=fi(Kx', Lx), <=1,2
The distribution of the capital stock corresponds to
6] 2 Ko+ X Kx' < K(1),
i ;

where K(t) denotes the total reproducible capital in the economy. The
latter, in turn, corresponds to the capital stock augmented by invest-
ment from the previous period:

7] K({) =Kt — 1) 4+ X(¢t — 1).

Finally, urban labor consists of the sum of labor employed in the
production of all activities excepting agriculture:

8] Ly = L¢* + Lé* + Lx* + Lx?,
and rural labor corresponds to employment in commercial agriculture:
o] | Lp = Lo

As long as the assumption of an unlimited supply of labor holds,
employment in commercial urban and rural occupations taken together
must be less than the potential labor force. Denoting the latter by
L(t) and assuming that it is growing at an annual rate n, it follows that

10] Ly + Lg < L) = L(t — 1)1 + n).

The system is solved by mazimizing the output of the investment
good industry, X!, subject to relationships (1) to (10). Given the
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'maximal value of X'(¢), one can immediately proceed to the next
period as described under. (7). Maximizing investment implies that the
economy will grow at the maximum attainable rate and, because of
constant returns. to scale, ‘all other activities, including employment,
will grow at the same rate, This balanced growth is attamed because-
homogeneous capital is the only scarce factor.® '

The exact maximal rate.of growth is readily deduced. The invest-
ment good being the only ﬁnal output it follows from the princlple of
product exhaustion that *

TS I PRI FE 0 SR

ul ' X‘(t)=rK(t),

‘where r denotes the rate of return to cap1ta1 Hence, the percentage

rate of growth, ie., the ratio of investment to total capltal, must ‘be

equal to the rate of return itself. Thus, Sy

e X0 ST it
K(t)

SR

12]_ :

Smce employment also grows at the mammal rate r, it follows that the
time needed to attain full employment is minimized, In turn, r de-
pends on the amount of different consumption goods which must be
made available for the maintenance of labor. Hence, lower main-
tenance requirements will lead to faster growth and a more rapid
attainment of full employment.

"It is to be noted that the higher the maintenance demands of labor,
the greater must be the capital intensity (capital-labor ratio) in
different lines of activity at any moment of time. This is so because
labor must earn its keep; ie., it must have a sufficiently large marginal
productivity to make up for its consumption. The capital intensities
will differ from sector to sector; however, in a state of balanced growth,
they will remain constant over time. This is so because in a first order
homogeneous system the optimal capital-labor ratios are independent
of scale.

If ‘the initial distribution of the capital stocks is unbalanced, the
allocation of investments will be correspondmgly uneven and the rate
of growth of the diverse activities will not be equiproportionate. But the

“*In fact, the abave model is but'a special case of von Neumann type growth
models and possesses all the efficient and maximal properties of the latter. - -
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optimizing mechanism will adjust to an initial imbalance by offsetting
changes in the capital-labor ratios. Then, in the ‘allocation of invest-
ments, those activities will be favored where capital is scarce relative
to the balanced distribution, In this process the capital-labor ratios
adjust over time and growth of all outputs and employment approach
the balanced path.

The growth path—the optimum solution in each time period—is
supported by a set of competitive prices. These can all be expressed
in terms of the price of the final good, which is arbitraily assumed to
be unity. '

As far as the use of capital is concerned, its marginal product in any
one nonzero activity must equal its rent. If it is less than the rent, the
activity would not be performed. Furthermore, in all activities where
new investment takes place, the rent of capital must be identical and,
in equilibrium, it must also be equal to the interest rate.

To ensure the optimal use of labor in either urban or rural employ-
ment, the value of its marginal product must equal its competitive or
shadow wage rate. As long as unemployment exists, the shadow wage
rate cannot exceed the sum of the value of goods and services needed
to sustain the last unit of labor employed, i.e, the marginal cost of
producing labor services. Thus, if Wy denotes the shadow wage of
urban labor and P/, the shadow prices of the consumer goods needed
for the maintenance of urban labor, we can write

)
13] > Pyi— = W.

A similar relationship, which need not be spelled out, applies to the
allocation of rural labor.

The above conditions relating to the optimal use of labor hold as
long as its supply is infinitely elastic. Once full employment is at-
tained, ie., after relationship (10) turns into an equality, labor will
receive an additional wage signifying its relative scarcity value. Once
this stage is reached, labor is free to increase its consumption and to
save; hence, the savings rate will be affected. This analysis, however,
is not concernsd with growth beyond the attainment of full employ-
ment,
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.. Several Urban Industrial Centers a'ndAériculture“ S

~ A’ multiregional analysis is closely analogous to the previous case,
“and it is not necessary to write out detailed relationships. It is worth-
while, however, to point out certain problems which are introduced
by the assumption of more than one urban center. ‘

_If the rate of saving from the returns to capital is less than one,
there may be regional variations in the rate of saving. Hence, for the
maximum attainable national rate of growth, one would have to
maximize the sum of the total returns to capital in each region suitably
_ weighted by the regional savings rates. Thus, in the allocation of
investable resources, a technologically less efficient region may be pre-
ferred if its savings rate is sufficiently higher than the savings rate in
more efficient regions. This is a Galenson-Leibenstein type conflict
between maximizing output and savings as it applies to regional al-
location of resources.’

The solution of the multiregional system may or may not be unique.
If it is unique, a simple extension of the above analysis to many
regions but with different regional patterns of consumption and
technology, may lead, in a state of balanced growth, to capital ac-
cumulation and development only in one of the regions. With more
complex extensions, such as those which involve interregional factor
and commodity movements, i.e. systems where the feasibility surface
is more than a simple linear combination of the final outputs of the
producing regions, one can reasonably expect that a unique solution
would indicate growth in more than one region. This is certainly so
if homogeneous first order but ‘nonlinear production relationships
define an interregional feasibility function which in terms of commodity
transformation demonstrates diminishing returns to scale.

In the case of nonunique solutions there is no price system that
could sustain a growth path. In such cases, within the range of indeter-
minacy, it is immaterial whether investments are made in only one or,
in some suitable proportion, in any of the regions. The introduction of

'W. Calenson and H. Leibenstein, “Investment Criteria, Productivity and
Economic Development,” Quarterly Journal of Economics (August 1855).
"For the derivation of such interregional feasibility functions, see my Alloca-

tion in Space, Contributions to Economic Analysis (North Holland Publishing Com-
pany, Amsterdam: 1958), particularly Chapter 2.
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8- decision- function- showing political or other -preferences can yield
unique solutions and a determinate growth path,- . ;e :

Pblicy Problems

What does the model show that is helpful for economic development
policy? The most important conclusion is that deviations from the
norms of the optimum will slow down the rate of economic growth
and the attainment of full employment. An efficient price policy must
be maintained, and economic planning must respond to the signals of
the price system. This has particular relevance for the problems of
regional economic development because regionalism breeds extraor-
dinary political pressures, But an efficient price mechanism must also
incorporate an adequate wage policy.

Wage Policy

For a given rate of savings from the share of capital and for given
demands for the maintenance of employed labor there will be a unique
growth rate. An upward shift in the demand functions will decrease
the rate of growth of outputs and the rate of growth of employment.
This does not mean, however, that the level of employment could
not be increased in any one time period in response to increasing labor
demands. For instance, this would be the case if wage goods were
relatively more labor intensive than investment goods, But the rate
of unemployment absorption would diminish. This may be the case
ir several underdeveloped countries where politically powerful urban
labor obtains increasing benefits from growth while underemploy-
ment continues and frequently worsens. It is important to realize that
these conclusions do not depend on ideology. The Manchester slums
and the Soviet housing squeeze both contributed to the speed of
industrialization.

The shadow wage rate as previously defined in relationship 13 con-
tains the rate of change of the demand for the consumer goods weighted
by their shadow prices. Inasmuch as the goods are marketable com-
modities and the demand relationshi, s are homogeneous of first order,
the money or market wage rate can exactly account for the shadow
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wage, It is possible, however, that with an increase in employment, the
demand for food per unit of labor will fall (as' Little has argued) per-
haps because of a more favorable ratio between employed labor and
unemployed dependents.® This may also be true for industrial goods
or housing. The situation is, of course, incompatible with constant
returns to scale; in fact, scale economies are implied. Under these
circumstances the shadow wage rate would have to be below the
market wage rate and a payroll subsidy would be required to ensure
optimal hiring.*

The goods and services which enter the determination of the shadow
wage rate may not be marketed, however, for political reasons or
because they are not readily marketable. Typically, urban services
would come under these headings. Many governments establish gi-
gantic housing programs (and, in the extreme, build new cities) charg-
ing less than efficient rents t~ users. Furthermore, the cost of social
overhead services and disservices, such as urban transport, sewer-
age, etc., cannot be charged directly to the wage recipient. Nonetheless,
the value of the marginal product of labor in urban occupations should
be high enough to cover these costs also. If the market criterion for
hiring is in terms of money rather than shadow wage rates, the damage
done to resource use by hiring more thau the efficient amounts of labor
will not be registered and the social marginal product of labor will be
less than the real wage cost. In other words, urbanization, instead of
aiding economic growth, may retard it. Under these conditions a payroll
tax may be the proper solution, i.e., a tax which has the effect of holding
down urban employment to a level where the value of the social mar-
ginal product of urban labor is not less than the sum of its money wage
and the tax.

Finally, we must reiterate the fact that the optimal capital intensity
(capital-labor ratio) in all occupations is a function of technology and
of the maintenance needs of labor. It is important to recognize that

*IM.D. Little, op. cit.

I M.D. Little, op. cit., correctly argued the need for a subsidy under such cir-
cumstances. But he erroneously based his argument on the assumption that labor
saves as the rate of employment increases—an assumption incompatible with his
mathematical framework, If competition exists, the market wage must correspond
to the subsistence cost as long as a reserve army of unemployed hovers in the
background. Hence, if there are savings by labor, they must be due to wage
rigidity or some monopolistic elements,
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labor-abundant economies, in the interest of rapid growth, must not
push indiscriminately in the direction of labor-intensive metheds. Com-
petition, if permitted to operate under suitable conditions, will select
the most efficient capital intensities. But where the government pro-
vides goods and services, such as transportation, the danger of choos-
ing excessively labor-intensive techniques may well be present, perhaps
as a political response to underemployment.

Regional Policy Problems

Balanced regional growth is the dream of politicians. Unfortunately,
the conditions under which equiproportional regional growth can also
be efficient for any and all political regions are limited to constant
returns to scale in all activities, as well as a suitable distribution of
resources in all regions. Forcing investment into economically in-
efficient areas may result in equiproportional growth, but only at the
expense of diminishing the rate of national growth. The level of
employment may be increased in the retarded regions, but as a con-
sequence, the rate at which national unemployment is absorbed must
also decrease.

Given an efficient price mechanism, investment will not be attracted
to locations where economic activity is less profitable. It can be forced
to do so, however, if investment is licensed. Furthermore, if prices
do not reflect marginal costs, producers will not be able to seek out
locations that are also desirable from the social point of view. This
may be the case if they are, for instance, unaware of the relationship
between urban overhead expenditures and their location decisions.**

It should be quite clear that the assumption of constant returns to
scale may not be the best one in the context of urban or regional de-
velopment, How will urban development react to increasing and di-
minishing returns to scale? Increasing returns may emphasize the

" For instance, Paul Rosenstein-Rodan of the Massachusetts Institute of Tech-
nology has contended that the social profitability of investment in North Italian
industrial regions is inferior to its private profitability. The Italian government
offers incentives of direct and indirect subsidies to industrial migrants to the
South; however, offering a choice between two carrots is not quite the same as
a carrot and stick policy. Perhaps, if entrepreneurs would also be penalized (taxed)
for the external diseconomies in their Northern location, they might be less re-
luctant to move to the South.
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need for concentrating investment in one or a few regions. In the case
. of increasing returns to scale, free competition, of course, cannot bring
about optimal resource allocation. But, sooner or later, diminishing
returns may set in and growth may respond by spreading urban de-
velopment to other geographic locations. Investment will be diverted
by the gradual erosion of profitability in the older region.

Transportation Policy

Transportation is the link between geographically separated markets,
whose growth can maintain a balance only if transportation is pro-
vided in efficient amounts and at efficient rates.

Efficient pricing of regionally separated activities requires that
the difference between the prices of homogeneous goods at different
locations should not exceed the marginal cost of transporting these
goods. In other words, if the difference equals the marginal cost of
transportation, an interregional commodity flow will take place. If
the rates charged for transport services do not reflect long-run marginal
costs, interregional trade will not be efficient. If they are larger,
socially profitable trade will be diminished; if they are smaller,
socially unprofitable movements will be induced. In the first case,
inefficiencies of the autarchic type must result. In the second case,
there will be excessive demand for transportation services, the satis-
faction of which results in the waste of scare resources. In either case
economic growth must suffer.

Decentralized decision making, if applicable, should bring about
efficient transportation development. But there may be reasons to
assume that private enterprise cannot push transport investment to an
efficient level. First, there are the technical economies which are ex-
ternal to transportation. These undoubtedly exist, but because of
lagged responses and usually high interest rates I do not attach much
importance to them. Second, and this I consider more important, the
Private risk of investing in the fixed transportation plant (but not rolling
stock) is very high. This is so because the initial capital needed is usually
large, while the estimation of potential demand is very difficult. Faced
with higher risk, private capital may shy away from investing socially
efficient amounts. Third and equally important, is the possibility of
monopoly control in transportation,
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The force of the underinvestment and monopoly argument disap-
pears if the government provides the fixed plant, and decentralized
units invest in rolling stock as well as provide the services. This is, of
course, not feasible with railways but can be the case with road and
water transport, Then competition can ensure an efficient utilization of
the plant as well as efficient pricing of the services.** All other things
being equal, this is a powerful argument for basing development on
road and water transportation rather than on railways.

In contrast with private enterprise, public transportation invest-
ment may be excessive. Paradoxically, this can happen even in in-
stances where transportation appears to be a bottleneck, Underpricing
of transportation services induces an unbalanced increase in the de-
mand for transportation. This is so because entrepreneurs base their
market decisions on monetary rather than real costs. If the price of
transport services does not reflect long-run marginal costs, the choices
of industrial location will not reflect the true costs with respect to
transported inputs and goods. Also, the efficient use of locally avail-
able inputs may be by-passed in favor of less efficient substitutes
which require transportation.

For a monopolist, discrimination by value may have justification if
excess capacity exists. But it is undesirable from the social point of
view,*® Because it encourages excessive flows of bulk commodities and
distorts the choice of location, it induces in the long run a greater
demand for transportation than required to maintain efficiently a given
rate of economic growth. Hence, increased amounts of scarce resources
must be allocated to transportation or a bottleneck must develop. In
either case the rate of growth will be adversely affected.

“The fixed plant should have zero rent if excess capacity prevails, Crowding
—measured in terms of time and accident costs—indicates the nced for a user’s
tax which is the rent of capital, If this rent is comparable to that of other in-
vestment, expansion is in order. If expansion is lumpy (excess capacity is created),
the rent or user’s tax after expansion must again be zero (cf. Harold Hotelling's
bridge case in “The General Welfare in Relation to Problems of Taxation and
of Railway and Utility Rates,” Econometrica, 1938, p. 242). The actual financing
must be based on neutral taxation. From this point of view, technologies which
more readily permit capacity graduation are preferable. (Conversations with trans-
portation engineers indicate to me that highways, in this respect, are more flexi-
ble than railways.)

" Discriminatory pricing is justified only in directional terms: the marginal cost
rate on backhauls may be lower than on movements in the forward direction.
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Distortions caused by inefficient transport policies are to some de-
gree irreversible. Badly located plants are there to stay and may attract
further ill-located investments to their neighborhood. The longer the
ineficient policies are maintained, the greater will be the geographical
and technical distortions and the heavier will be the burden on the
transportation system. But irreversibility has a meaning only in the
short run. Introduction of efficient policies should motivate regional
growth toward balanced development. The demand for transporta-
tion is inelastic in the short run; hence, rate adjustments are feasible.
If necessary, temporary subsidies can be used to mitigate the shock.
In the long run, however, more efficient choices of location and im-
proved selection of inputs and technology will tend to correct initial
distortions.

Conclusions

Regional economic growth has been analyzed in the context of a
labor surpdus economy and with an emphasis on the criteria for
efficiency. Efficiency is not a goal in itself; it is a requisite companion
of the highest attainable rate at which a national economy can
grow and unemployment can be absorbed. Competitive pricing and
investment policies will lead, if conditions are favorable, to efficient
patterns of national and regional growth,

Regional economic policies can be subject to heavy political pres-
sures and the conditions for competitive pricing may not be present.
This absence can be remedied by implementing the pricing mecha-
nism with suitable subsidy and tax programs. This should typically be
the case with transportation development and in other instances where
increasing returns, risk, and external economies may be important.

As to politically motivated distortions in investment and pricing
policies, the economist can do no more than warn about the excess
costs of inefficient methods of subsidization. Disregard for efficient
pricing and investment policies slows down the rate of growth of the
economy and the attainment of full employment; hence, the goals of
a program for ecunomic development may be jeopardized.
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Transportation in Soviet Development

HOLLAND HUNTER®

IN THE LONG DRAMA of Russian modernization, trans-
portation has played a leading role. Her rivers, and later her railroads,
have been on stage throughout Russian history. In this review, how-
ever, only a few scenes of the play can be sketched, as seen from only
one of several possible vantage points. Transportation under Soviet
auspices, especially during the 1928-1940 period of forced-draft indus-
trialization under Stalin, will be the subject. These were the yea:s of the
Soviet “big push.” The economy was given the strength to withstand
Nazi invasion and a base was laid for subsequent maturation. While no
other country is likely to duplicate exactly the circumstances that
faced Soviet decision-makers in these years, the Soviet record is
nevertheless illuminating. It may suggest a few general lessons, both
positive and negative, concerning the role of transportation in eco-
nomic development. At the least, it can identify a few questions that
will bear reflection as programs are formulated for the development of
other economies.

This chapter focuses on three major policy issues. The first and
broadest is: how much transportation capacity is needed to promote
rapid economic development? The second concerns the forms of trans-
portation to be expanded: which did the Russians choose, and why?
The third issue relates to the demand for transportation: what regional
pattern of industrial expansion is best from a transportation—and
overall-point of view? In discussing these issues, I draw on the
evidence in my 1957 study of Soviet transportation policy, to which
the reader is referred for underlying detail.! Here only summary judg-

° Haverford College.

' Soviet Transportation Policy (Harvard University Press, 1957). The analysis
is carried further in Ernest W. Williams, Jr., Freight Transportation in the Soviet
Union (Princeton University Press, 1962),
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‘inents are offered. After some background for the three issues is
filled in, section II sets out ten lessons from the Soviet record. Section
III goes on to a series of linked reflections growing out of Soviet ex-
perience. Since the reciprocal relations between the transportation
sector and the development process extend over space and over time
in a variety of intricate ways, our judgments must match them in
complexity, What follows is a first approximation to a connected set
of observations, each placing limits on the others.

Issues on Which Soviet Experience Sheds Light

A familiar Western view places low-cost transportation at the very
center of the forces that have stimulated Western economic growth.
The rise of Great Britain, the expansion of Western Europe, and the
growth of the United States are all ascribed in no small degree to
innovations in cheap maritime and overland transport. This historical
experience has led to an impression that the provision of low-cost
transportation capacity is both a necessary and a sufficient condition
for economic development. During the nineteenth century and up into
the 1920's, Russian leaders followed precisely in this accepted tradition
of economic policy. Railroads had acted as the bellwether of the
Russian drive toward industrialization.

How Much Transportation for Development?

Since the mid-1920's, however, the U.S.S.R. has made transporta-
tion a secondary sector of the economy. Its share of national invest-
ment funds has been cut drastically in favor of heavy industry.
Transportation capacity has been expandad only in response to actual
or impending traffic bottlenecks. Except for railroad lines built to tap
specific resource deposits, few Soviet transportation projects have been
built ahead of demand to stimulate subsequent economic develop-
ment. Soviet efforts were focused on heavy industry; resources were
diverted into expanding transportation capacity only when this was
clearly necessary for expanded industrial production.
~ Was this Soviet policy for transportation a sensible one? Has it
proved successful?. The questions are deceptively simple, and answers
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are not -easy to find. Yet the effort is surely worthwhile. Today coun-
tries do not feel able to wait for the leisurely unfolding of economic
development consequent on the provision of generalized transportation
capacity in advance of demand. For one thing, rapid population
growth calls for rapid expansion of production if per capita living
standdrds are not to fall. Many other sectors besides transportation lay
claim to investment funds, and the grandiose visions of nineteenth
century railway promoters are now replaced by a decidedly frugal
approach in plan-making and aid-giving circles. Al this suggests that
the Soviet record should be of considerable interest to those concerned
with current economic development policies.

Which Modes of Transportation Should Be Expanded?

The choice of carriers for transportation expansion of course reflects
each country’s geographic potentialities. It also depends on technologi-
cal possibilities and their relative costs at the time that basic decisions
are taken. One forgets, perhaps, that the fundamental decisions which
have shaped Soviet industrial growth were taken almost forty years
ago, when several modern forms of transportation were in their in-
fancy. On both counts, Soviet experience may have only limited rele-
vance for other economies. Yet reflection on Soviet experience is valu-
able for its demonstration of railroad potentialities not exploited in the
West, and for its evidence on the relation between specific policy pur-
poses and specific modes of transportation,

Engineers and politicians in developing countries appear to look for
tested methods in technological advances, and the Russians were no
exception. Specifically, Soviet advisors in the 1920’s paid relatively
little attention to long-distance trucking as a means of freight trans-
portation. Their outlook was still that of the nineteenth century, when
railroads were contending with inland and coastal waterways as the
chief means of freight transportation. Forty years ago intercity truck
movement would have been prohibitively expensive. Political leaders
seem to have had even more antiquated tastes, .s symbolized by Stalin’s
fondness for canal building. In 1952, two and one-half centuries after
Peter the Great proposed the project, Stalin finally completed a canal
joining the Volga and Don Rivers (its traffic since then has not matched
expectations). But in so northern a country, freezing cuts the availabil-
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ity of internal waterways to an extent that cripples their competitive
standing. In practice, except for canals, Soviet policy has favored rail-
-yoads over waterways for transportation expansion, with relatively
minor attention to highways and pipelines. Countries developing in
the 1960’s have open to them very different technological possibilities.
Soviet expansion of transportation capacity was also shaped by the
regime's concern for freight traffic rather than passenger movement.
The general public understandably focuses on conditions of passenger
travel, but in the Party’s scheme of priorities, heavy industry ranked
far above consumer welfare, including passenger transportation.
Clearly any economic development program must give primary atten-
tion to the movement of raw materials and fabricated output, though
regimes less Draconian than Stalin’s may be less willing than he was
to skimp on expansion of passenger transportation capacity. But a stress
on heavy industry narrows the emphasis still further. Neglect of diver-
sified light industry means that fuel, ores, building materials, and a
handful of similar freight categories will dominate the flow of traffic.
These are precisely the kinds of freight for which railroads have pro-
nounced advantages over intercity trucking. Moreover, as we shall see,
Soviet location policy tended in the same direction, since it generated
concentrated flows of heavy freight among a limited number of indus-
trial complexes. (See map on page 141.)

* How Should New Industrial Capacity Be Regionally Distributed?

The Soviet regime launched its industrialization drive with several
concrete locational objectives. The first was national self-sufficiency.
Russia’s previous links with Western Europe were to be severed so
that the U.S.S.R. could be economically independent of hostile cap-
italist powers. In harsh and extreme form, this approach was a con-
tinuation of Count Witte’s aims some three decades earlier.? The sec-
ond chjective was also a continuation of Tsarist dreams: to develop
the “fabulous riches of Siberia.” The Trans-Siberian railway had
opened large terriicries to development; now dozens of projects for
extracting minerals, felling timber, and using the arable land awaited
implementation. There was also a strong political consideration, Indus-
trial development in the Urals, Siberia, Central Asia, and the Caucasus

'*Theodore H. von Laue, Sergel Witte and the Induatr{allzat{on of Russia
(Columbia University Press, 1963),
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‘would, ‘it was-argued, speed the advance of the peoples of: outlying
regions. who' had. previously suffered exploitation or.neglect at the
hands of St. Petersburg and Moscow. These predominantly non-Rus-
sian ethnic groups were the special concern of the Commissar of Na-
tionalities, J. V. Stalin, whose rise in the 1920's drew much of its Party
support from the provinces, - ' ‘

Prerevolutionary industrial growth had centered in the north
around St. Petersburg and Moscow, based on imported machinery and
raw materials, combined with a nascent urban labor force, to supply
local markets. In south European Russia an iron-and-steel complex
had taken shape in the eastern Ukraine and an oil industry had ap-
peared in the Transcaucasus. Now the thrust of Bolshevik objectives
was still further extended beyond the established e sters in European
Russia. The Party’s eyes were directed toward northern European
Russia, toward the Caucasus, toward Soviet Central Asia, and es-
pecially toward the frontier domain stretching from the Urals some
4,500 miles to the Pacific. Pioneer railroad lines had already been
extended into these territories, but many additional lines were pro-
jected to support their industrial development.

The effect of expanding industrial capacity in Siberia and other
outlying areas was initially—and perhaps paradoxically—seen as reliev-
ing rather than increasing the pressure on transportation capacity. In-
dustry would develop at or near the sources of its fuel and raw
materials. These heavy, weight-losing inputs would thus not have to
be shipped for thousands of kilometers from the East or South to St.
Petersburg (renamed Leningrad in 1924) and the factory towns around
Moscow. Instead, fabrication would take place where the rich natural
resources were located, and only the manufactured product would
require shipment back to the current centers of population. Analyti-
cally, the approach was entirely consistent with the location theory of
Alfred Weber, whose views carried great weight in the 1920’.5

Thus Soviet locational intentions when the era of Five-Year Plans
began were summed up in slogans that called for developing industry
more evenly throughout the U.S.S.R. and for moving industry closer
to the sources of raw materials and fuel. Readers familiar with the
development programs of countries in Asia, the Middle East, Africa,
and Latin America will recognize the ubiquity of both notions. To the

* Alfred Weber, Theory of the Location of Industries, translated with an In-
troduction and' Notes by Carl J. Friedrich (University of Chicago Press, 1629),. .
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extent thiat minerals and coal tend to be found in mountains rather
than arable plains, the geographic tendency is necessarily bound up
withi-an  expanding share of nonagricultural activity in a formerly agri-
cultural economy. Since the locational problem appears to have these
universal aspects, the fate of Soviet locational objectives in the period
since 1028 may serve to point up certain general implications.

;fen Lessons Suggested "by the Soviet Record

“'Ih dealmg with the issues sketched above, Soviet authorities have
) produced a most interesting record. Though times change and coun-
tries differ, Soviet experience can illustrate both dangers and opportuni-
ties for countries now seeking rapid development. The complex record
is of course subject to varying interpretations; the following summary
 judgments are not yet part of a tested structure of accepted historical
analysis. Undogmatically asserted and cautiously pondered, however,
the lessons may prove instructive.

L Traffic Bottlenecks Are.a Danger During a Tdkeoﬁ

The first. lesson, in time if not in 1mportance, arises out of the frexght
o transportation crisis that hampered Soviet industrial ‘expansion for
- three or four years in the early 1930'. It is that traffic bottlenecks are
- a danger during a crash program to develop heavy industry. Traffic
increments running beyond expectations might logically be associated
with growth in a decentralized market economy; it is perhaps dis-
couraging to note that the same phenomenon can arise under central
planning. Soviet transportation officials gave ample advance warning
of the danger, and the crisis was minutely studied as it progressed.
Despite both foresight and understanding, however, the freight traffic
bottleneck of the early 1930’s seriously hampered Soviet industrial ex-
pansion, contributing not a little to the disorganization and turmml
of the period.

With the benefit of hindsight one can readily visualize a reallocation
of current and capital inputs that would have reduced or eliminated
the freight traffic bottleneck and generated instead an orderly se-
quence of output expansion. Whether such a rearrangement of policies
~ would have been practicable or not is a rather intricate issue in Soviet
- economic history. In either case the ‘implication for all who are con-
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cerned with. economic development planning ‘is clear: the freight
traffic requirements of a growth program deserve careful scrutiny. On
Soviet railroads the backlogs of unshipped freight were especially
large in building timber, coal, iron ore, and (occasionally) grain, The
planners evidently underestimated the amounts of basic inputs that
would be needed, being overly optimistic regarding rates of utilization,
and thus underestimated the demands that would be placed on the
carriers. In a specific future situation the commedity groups involved
might well differ from those under special pressure in the U.S.S.R,
thirty years ago, but the prospect that input coefficients will be higher
than planned, thus leading to unplanned freight traftic demands, is
worth careful review. '

The difficulties that have developed in moving coal and iron ore on
Indian railroads evidently reflect unanticipated traffic increments per-
haps somewhat reminiscent of Soviet experience. While the underlying
operating details may in fact be substantially different in the two
cases, the appearance of the phenomenon after a decade of careful
Indian planning evidently reinforces the view that the danger of traffic
bottlenecks should be called to the attention of all planning officials.

2. :Tra_nspprtation Growth Requires Efficiency Gains and Added Capital.

+ A second lesson of Soviet experience concerns the way the trans-
portation crisis was overcome. For several years the regime had in-
sisted that the railroads could handle sharply increased traffic mainly
through more efficient use of their existing plant and equipment. No-
table gains in operating efficiency had in fact been achieved. But the
unshipped backlogs were not worked off, and the system’s capacity
was not brought up to match overall demand, until substantial addi.
tions had been made to the railroads’ plant and equipment. Simultane-
ously the railroad labor force was enlarged and upgraded. Major
efforts were made, not only to retrain railroad workers, but to reorgan-
ize railroad administration, break out of traditional operating routines,
and stimulate a spirit of competitive vigor at all levels of railroad opera-
tion, If the record shows that more intensive utilization, without large
additions to capital plant and equipment, could not mect enlarged
demands, Soviet experience also suggests that large-scale capital expan-
sion would not have achieved the desired results without these simul-
taneous gains in labor productivity and operating efficiency,
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* {/Improvements 'in the way motive power, rolling stock, and line
* capacity weré- utilized had a great deal to do with Soviet success in

- mastering rapidly growing freight trafic, Potential gains in this direc-
tion were, however, overestimated for the first few years. With large
injections of more advanced locomotives, freight cars, and line equip-
ment, further marked advances in operating effectiveness became pos-
sible. Precise trunsfer of this experience to other railroad systems is
“unlikely, yet the important lesson is that progress in the transportation
sector results from reciprocal interaction between improvements in
capital and improvements in all the human and organizational factors
that combine to determine its effectiveness.

3. ‘Transpoﬂdﬂbn Capital-Output Ratlos Need Not Be High.

A third lesson .of Soviet transportation experience is that capital-
output ratios in this sector of the economy need not be high, Western
records have made it appear that transportation capital is very expen-
sive in relation to its annual output of service; average capital-output
ratios around 6 or 7 to 1 have been reported.* The experience of Soviet
railroads shows conclusively that with intensive utilization, both aver-
age and incremental capital-output ratios can be in the neighborhood
of 3 or 2 to 1. This should be welcome news for planners seeking to
allocate scarce capital funds and conscious of the need for enlarged
transportation capacity.

The key to the contrast between Western and Soviet experience lies
in the intensity with which transportation capital plant and equipment
is utilized, Western railroads in recent decades have typically operated
with substantial excess capacity compared to theoretical engineering
maxima. In addition, operating practices in relation to shippers and re-
ceivers, railroad labor, and the traveling public all reflect a willingness
to use capital lavishly where convenience and safety could thus be
served. Under Soviet conditions, by contrast, the existing railroad
plant, together with reluctantly provided capital additions, was made
to supply a huge volume of freight traffic service at the expense of both
convenience and safety. Mass railroad shipments often meant higher
production costs for shippers and receivers forced to handle inter-
mittent bulk consignments. Intensive operations on crowded lines

‘ See, for example, the figures in Wassily Leontief and others, Studies in the
Structure of the American Economy (Oxford University Press, 1953), p. 215.
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raised the frequency of accidents and wrecks, Clearly, other countries
might not wish to pursue measures of this sort as far as Stalin did.
Customer convenience and labor safety are important. Nevertheless,
where development capital is exceedingly scarce, it would seem that
capital plant and equipment in the transportation sector should be
more intensively utilized than they have been in the West.

Recent studies by the National Bureau of Economic Research have
shown that capital-output ratios in the American economy have gen-
erally declined substantially compared to their level in, say, the 1380's.
The average capital-output ratio for United States railroads, in par-
ticular, has declined from around 16-to-1 in 1880 to less than 3-to-1 in
the 1950’s.® High ratios in the early years arose from building expen-
sive indivisible plant ahead of traffic; as the volume of freight traffic
grew, the average capital-output ratio fell rapidly. Still, the contrast
between Soviet and American railroad practice persists. An economic
development planner might well argue that pioneering transportation
investment in a preindustrial economy must necessarily resemble late
nineteenth century U. §. railroad investments more than it can resemble
Soviet transportation investments of the 1930’s. If s0, one could expect
a ratio above 10, say, instead of a ratio below 3, For some projects this
will surely be true. The planning issue, however, concerns the extent
to which railroads (or roads) should be built ahead of traffic, and the
extent to which less expensive and indivisible forms of plant and
equipment can be used. Here Soviet experience is clearly relevant and,
on the whole, encouraging,

4. Rapid Industrial Growth Conflicts with Industrial Dispersion.

For reasons both political and economic, Soviet leaders in the mid-
dle 1920's sought to develop industry in the outlying portions of the
U.S.S.R,, especially in the East. The so-called Ural-Kuznetsk Kombinat,
designed to join the rich iron ore of Magnitogorsk in the southern
Urals with the coking coal of the Kuznetsk Basin in Western Siberia,
was a central feature of the first Five-Year Plan.® Growth in Soviet

*Melville ]. Ulmer, Capital in Transportation, Communications, and Public
Utilities: Its Formation and Financing (Princeton University Press, 1960), espe-
cially chapters 4 and 6,

* Franklyn D. Holzman, “The Soviet Ural-Kuznetsk Combine: A Study in In-
vestment Criteria and Industrialization Policies,” Quarterly Journal of Economics
(August 1957), pp. 368-405.
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" Central ‘Asia was to be spurred by construction of the Turkish-Siberian
railway, which would bring Siberian wheat to districts which could then

 specialize in growing irrigated cotton, thus freeing the US.S.R, from
_d'epei;dence on imported cotton. Copper, bauxite, tin, nickel, and gold
deposits in various parts of non-European Russia were slated for
large-scale development. In this way the outlying areas would be
brought up to the level of the Center, their share of the nation’s indus-
trial output would rise, and industry would be Jocated more equitably
and rationally over the whole territory of the U.S.S.R.

“The record since 1928 has demonstrated, however, that rapid in-
dustrial growth as a policy objective conflicts with spatial dispersion
of industrial activity. During the 1930’s, and again since World War I,
industrial capacity has grown rapidly in European Russia. In the
Eastern Ukraine, around Moscow, and around Leningrad, exi>'ing
plants were enlarged and new facilities were built. Evidently planning
and production officials, charged with bringing additional capacity
into operation quickly and cheaply, found decisive advantages in old
locations as against pioneer territories on the edge of the economy.
Existing social overhead capital, together with a more attractive cli-
matic and social environment (better able to hold a labor force than
the harsh conditions of the East), proved an irresistible magnet. After
1937 the Party and government sought to forbid further industrial ex-
pansion at major centers in European Russia, but with little success. The
pressure for quick results was evidently stronger than the ostensible
hopes of the authorities, This aspect of Soviet experience would appear
to provide an instructive confirmation of the dilemma that Albert
Hirschman has identified as “the North-South problem.”

5. Net Regional Shifts in Economic Activity Come About Slowly.

‘A §fth lesson of Soviet experience concerns the consequences of this
conflict between rapid industrial development and regional dispersion.
Under these conditions, net regional shifts in economic activity take
place rather slowly. Absolute growth in outlying regions has of course
been impressive and percentage gains over time have been remarkable.
Simultaneous growth in European Russia, however, has meant that
its preponderant share of total Soviet industrial production has de-

t Albert O, Hirschman, The Strategy of Economic Development (Yale Univer-
sity Press, 1958), pp. 187-195.
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clined very gradually. Even today, after thirty-five years of planned
growth, European Russia continues to account for over 70 percent of
Soviet industrial production, as shown in the accompanying table,
Moreover, major efforts have been made in recent years to enlarge
the fuel and resource base in European Russia, close to existing indus-
trial concentrations, thus demonstrating a partial collapse of the early
ambitions.

TasLe VII-1. The Changing Pattern of Industrial Production,

1927-28 and 1960
(In percent of total USSR industrial production, by region)

192728 10600
Northwest RSFSR and Belorussian SSR 16.1 11.6
Central RSFSR 41.6 22.1
Ukrainian SSR 1.1 22.2
Volga Valley and Caucasus 13.9 17.6
Subtotal, “West” 90.7 78.5
Urals 4.1 10.8
Kazakh SSR 0.9 2.7
Soviet Central Asia 2.9 8.5
Siberia and Soviet Far Enast 1.4 9.5
Subtotal, “East” 9.3 206.5
TOTAL USSR 100.0 100.0

Sources: 1027-28 estimates from Gosplan SSSR, Piatiletnii plan narodno-kkoziaisteennogo siroitel'stca 8SSR,
3rd ed., Vol. III (1080), p. 584. 1060 estimates from Paul K, Cook in U.S, Congress, Joint Fconomic Committee,
Di; tonz of Soviet E io Power (1962), pp. 704-731, Approximate matching and aggregation of regions
carried out by Alan Abouchar, making use of A, G, Feigin, R hehenie proixsodatea pri kapitalismes soleializme,
2d ed. (1058), pp. 407-408 ¢f passim,

® Within pre-1039 boundaries (approximately): that is, excluding the three Baltic SSR’s and the Moldavian
SSR, but including annexed parts of Ukrainian SSR, Belorus SSR, and RSFSR,

Western observers, and geopoliticians particularly, might learn from
this record to attach a substantial discount to the glowing publicity
that continues to embellish Soviet plans for eastward expansion. Ever
since 1928, plan documents have read as though the Soviet East were
about to equal or surpass the old centers. Uncritical Western com-
mentary has retailed these glowing visions without anticipating the
extended time lag that occurs before pioneer installations are com-
pleted, and without noticing the intervening growth of long-estab-
lished centers. Perhaps the lesson has broad applicability to all de-
veloping areas: raising the share of outlying regions in an economy’s
overall output is likely to be a gradual process.
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6 ‘Politicians Need Slogans; Economists Need Rules.

‘The “experience of the Soviet transportation sector, especially the
railroads, under central planning suggests an important procedural
l‘gsé'on for development planners. Soviet plans have been hortatory.
They exhort and goad all participants to improve their performance
and achieve demanding targets. To this end, the guidelines issued by
the Party have been slogans embodying the rallying cries of the mo-
ment.

In Soviet experience, moreover, the Party’s slogans have frequently
obscured the real issues of efficient resource use. Wise planning deci-
sions and rational operating methods require coherent rules addressed
to the unavoidable need for hard choices. Yet properly qualified state-
ments may be insufficiently galvanizing, and may provide excuses for
those resisting change. In that case, the urge for change will override
the need for precision. For example, the basic Soviet principle for
Jocation decisions has been: place industry closer to raw materials
and to markets, blandly ignoring the intricacies involved in seeking
an optimum where markets and aw materials are geographically scat-
tered. In the first two Five-Year Plans, the Party espoused huge new
plants, whose production costs would be low, but when the third plan
was issued, this policy was condemned as “gigantomania,” and the
men who had carried it out denounced as “wreckers.” Railroad traffic
planners have had the Party’s backing for 25 years in a campaign
against “irrational, excessively long, and cross hauls,” though the con-
ditions under which such shipments might be desirable for the econ-
omy have never been carefully specified. Perhaps thz lesson is that
efficiency criteria for economic performance must be somewhat blurred
and distorted by the political requirements of campaigning for rapid

progress.

7. Taut Plans Require Jaundiced Insight.

A similar lesson emerges from comparisons between Soviet operat-
ing plans and actual events. The annual plans which govern produc-
tion and transportation generally stretch each producing unit between
ambitious output targets and stringent input supplies. In the case of
Soviet railroads, freight traffic targets were in fact optimistically
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tnderstated. The regime regularly hoped that other carriers would
assume an increased share of the traffic, and that traffic growth would
only be modest. At the same time the plans regularly promised sub-
stantial additions to railroad plant and equipment to handle the added
traffic. In practice, however, the railroads have generally been forced
to carry more traffic than the plan called for, and to carry it, moreover,
without all the promised additions to their capacity. The lesson is
therefore not only that events will not conform exactly to plan, but
that harried production administrators will probably need to develop
jaundiced insight into the degree to which their “internal reserves” are
likely to be exploited.®

8. State Ownership Will Not Automatically Unify
a Transportation System.

The eighth lesson of Soviet transportation experience is that state
ownership does not automaticaily bring unified operation of the trans-
portation system. It was expected that the rivalry and duplication that
have marred the Western transportation record would give way to a
smoothly coordinated system under Bolshevik management. In par-
ticular, it was hoped that joint shipments, using river or canal or
coastal vessels wherever possible, would somewhat relieve the hard-
pressed railroads and make full use of each carrier’s inherent ad-
vantages. In practice, shippers and receivers have shown what one
railrocd official ruefully called “hydrophobia” in their reluctance to
use water transport where railroads were available. The reasons are
not far to seek. In latitudes matching those of Canada, internal water-
ways are frozen from three to nine months each year. Water move-
ments are frequently much slower than rail shipments. For some com-
modities, water shipment requires more careful packing than rail ship-
ment does. Most important, transshipment involves delays and ex-
penses that can be avoided through all-rail movement. For all these
nonideological reasons, three decades of exhortation have failed to
prevent a decline in the share of total freight traffic carried by water
carriers, and failed to promote the joint use of rail and water carriers,

As freight-carrying automobiles became available in the USSR,
they displaced horse-drawn vehicles in local cartage and took over

* For further discussion, see my “Optimum Tautness in Development Planning,”
Economic Development and Cultural Change (July 1961), pp. 561-572.



136 TRANSPORTATION: IN SOVIET: DEVELOPMENT

‘some of the railroads’ local traffic around major junctions. Trucks also
~ came to play an important role in bringing agricultural produce to a
nearby rail station. Intercity trucking, however, has not developed.
Thus the great issue of modern freight transportation in countries like
the United States, the United Kingdom, and India, has not yet been
confronted in the Soviet Union. The reasons are not entirely clear,
though one can identify several relevant considerations.

First, the regime has not permitted a latent desire for passenger
automobiles to stimulate a national program of highway construction.
Without adequate roads and adequate supplies of fuel distributed over
the countryside, industrial enterprises could rarely use trucks to obtain
or deliver even their highest-priority supplies. Second, under these
conditiors truck shipments over any appreciable distance have been
very much more costly than rail shipments. The typical Soviet truck
is still a two-and-one-half ton or five-ton open-top vehicle, and, for
shipments of any appreciable size, it cannot compete with a railroad
box car over long distances. Third, the relative neglect of agriculture,
light industry, and consumer goods has brought with it a neglect of
the intercity trucks that carry such freight in other countries. Resource-
ful Soviet citizens have for some time carried oranges from the Cau-
casus to Moscow in passenger aircraft, or vegetables from collective
farms to nearby cities in passenger cars, for lack of a developed long-
distance trucking service.

To date, therefore, rail-highway competition has been averted in
the U.S.S.R. A perennial campaign to shift short-haul shipments in
major centers from railroads to trucks continues, but long-haul traffic
(if it cannot be shifted to internal or coastal waterways) will remain
on the rails. State ownership, it must be admitted, has to this extent
succeeded in preventing duplication of facilities, and thus made a step
toward a unified transportation system.

9. The Soviet Tight-Rations Policy Has Succeeded, and Yet . . .

Since 1928 Soviet authorities have, as we have seen, consistently
kept the transportation sector of the economy on tight rations, squeez-
ing a maximum of services from it with grudging allocation of inputs
to it. The policy has been designed to promote the rapid development
of heavy industry and national defense. Has the policy succeeded?
Crude historical evidence suggests that it has. The Nazi invasion was
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repulsed. Industrial and military power have attained massive dimen-
sions. In the three decades since the transportation crisis was over-
come, Soviet transportation (meaning essentially the railroads) has
contributed impressively to Soviet success. The lesson would therefore
appear to be that other countries would do well to imitate the Soviet
tight-rations policy toward the transportation sector.

A refinement of this tentative judgment would, however, be desir-
able. Soviet methods of intensifying the use of railroads laid appreci-
able costs on shippers and receivers. It may well be that the U.S.S.R.
went too far, that some of the cost-reducing benefits to railroads were
more than counterbalanced by cost-raising difficulties for shippers and
receivers. Clearly more generous allocations to the railroads between
1928 and 1934 would have prevented the capacity bottlenecks of 1930-
1934, with consequent benefits to heavy industry and the economy at
large. But even since 1934, it is possible that the provision of trans-
portation to industry on more generous terms would have more than
paid for itself in contributing to industrial expansion. Intricate research
will be required to test the hypothesis, but even now the rough rec-
ord suggests that other countries should exercise caution in probing
the limits of a tight-rations policy toward the transportation sector.

10. Soviet Regional Development Appears to Have Been
Sensible, and Yet . . .

A final lesson of Soviet experience grows out of appraising Soviet
location policy. Here the U.S.S.R, found it expedient to develop in-
dustry around established centers though ostensibly the Party was
calling for a decisive shift toward the East. The “second iron and steel
base” in the Southern Urals and Western Siberia grew more slowly
than intended, and a host of projects for outlying areas remained on
the shelf, Nevertheless by 1941, when Hitler attacked from the west,
the Soviet economy proved able to withstand the invasion, Roughly
one-third of Soviet industrial capacity was occupied by the Nazis, yet
stocks and facilities in unoccupied European Russia and farther east
(along with supplies from the United States and the United Kingdom)
were able to turn the tide. In recent years outlying regions have seen
the regime’s long-standing promises being fulfilled.

The indicated lesson is thus that a springboard policy of developing
old centers in order to gain the wherewithal for launching new regions
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‘has’ demonstrated a certain practical success, This unintended Soviet
practice developed despite doctrinal rhetoric to the contrary. One
notes also that pragmatic Soviet actions have been roughly consistent
with the stern logic of allocative efficiency as expounded, for example,
by Professor Lefeber in Chapter VI of this book. Where resources are
very scarce and speed is important, “Marxist” practice and “capitalist”
theory may actually occupy common ground.

Evaluation of Soviet industrial location and transportation policy
requires further research. It is true that the Soviet approach has shown
itself to be a viable one. We have no assurance, however, that alterna-
tive policies for regional allocation of investment in expansion of indus-
trial and transportation capacity might not have led to smaller trans-
portation requirements associated with the observed bill of goods, or
produced a larger bill of goods than had been obtained by 1940.
Planners in other countries seeking an optimum development path can
learn more from the Soviet experience if it is subjected to systematic
numerical comparison with alternative paths. Research designed to
throw light on this issue is currently under way at Brookings.

Further Reflections on Soviet Transportation

Three lines of speculation extend beyond the conclusions that have
been briefly set forth in the preceding section. One concerns the influ-
ence of transshipment costs in determining industrial location and the
fate of various carriers, The second involves the possible future influ-
ence of containers on an integrated transportation system., The third
relates to the impact of population density on transportation and
location policy in a developing economy. Each is in the nature of a
tentative comment arising out of an attempt to discern the broad
relevance of Soviet transportation experience to the role of transporta-
tion in economic development.

Multlécarﬁér Movement, Transshipment Cqva, and Industrial Location

Why are multi-carrier shipments difficult? The answer, I believe, is
that transshipment is expensive. Line haul movement is cheap in com-
parison. The costs of transshipment are not merely those of unloading
freight from one carrier and loading it on another. The time required
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for the journey is likely to be ‘noticeably increased, and speed may be

very important to the consignee. Not infrequently the dangers of pil-

ferage rise notably as commodities pass from one carrier to another.

Fabricated commodities may suffer breakage, and raw materials may -
suffer attrition in one form or another during transshipment. The

paperwork covering a shipment becomes more complex as more than

one carrier gets involved. For all these reasons, joint shipments are

likely to be at a disadvantage in competition with through service if

one carrier can provide it.

One response to the problem historically has been to take advantage
of the necessity for transferring freight between carriers by processing
the commodity at transshipment points. Manufacturing has tended,
for this reason among others, to develop at transshipment points.
Transshipment costs have thus had an important bearing on past in-
dustrial location. But perhaps the appearance of the container will
remove this constraint. An interchangeable sealed container can be
readily transferred from one carrier to another without the difficulties
listed above. It follows that some types of industry, at least, can to this
extent become footloose by comparison with earlier days. Other loca-
tional factors, like water supplies, can have more influence.

The Attractiveness of Containers

Recent developments in container technology appear likely to con-
tribute to a unified transportation system whether it is under state or
private ownership. The universal container is an extremely flexible
transportation instrument.” It can pass rapidly from a highway truck
to a railroad flat car, a river barge, the hold of a trailer ship, or even
a large aircraft. The cost of rolling or lifting containers from one car-
rier to another is very low in comparison with the costs of older trans-
shipment methods. Sealed containers are relatively nonpilferable, well
protected against moisture, and easy to handle gently, They make it
somewhat easier than before to handle a consignment over several
carriers by a single bill-of-lading. _

For all these reasons, containers may go far to solve the transship-
ment problem. In the U.S.8.R., experimental use of containers for rail-
road shipment of consumer goods began in the 1930’ along the lines

*See descriptive analyses in Railway Age (July 22, 1963), pp. 16-28, and
(August 26, 1963), pp. 19-27.
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ﬁthen being followed in the United Kingdom In the postwar penod the
stock of containers has grown and handling facilities equipped with
cranes, storage depots, etc., bave been enlarged. As yet the use of
tractor-trailer or semitrailer units is only in an experimental stage. In-
stead of trailer-on-flat-car service, the Russians may develop a con-
tainer service that would shift containers from a flat bed truck trailer
to a railroad flat car and back (or lift it into a ship or aircraft). For
certain kinds of traffic, then, a unified transportation system would
emerge.

Technological solutions to the transshipment problem would of
course help other countries too. American railroads can display their
inherent advantages in long-haul freight carriage, letting trucks handle
the initial and final steps in a door-to-door transportation sequence.
Bulk commodities already move between water and rail, or pipeline
and water, with increasing efficiency. Thus from raw materials up
through highly fabricated output, modern technology enables develop-
ment planners to contemplate a multicarrier transportation develop-
ment program to an extent not heretofore practicable.

Population Density and Industrial Location

The record of Soviet economic development contains much evidence
of interest for all students of development. Nevertheless we should
remind ourselves of its peculiarities, We are not here concerned with
its special political features. A purely geographic point deserves em-
phasis, however, especially in relation to location and transportation
issues.

The US.S.R,, like the United States, has been relatively sparsely
settled, with ratios of population to natural resource supplies that have
been highly favorable for economic development. On the other hand,
many low-income countries are, like India, densely settled, with un-
favorable ratios of population to arable land and other resources. The
contrast may have decisive significance for location and transportation
policies.

Densely settled regions can get economies of scale in production
with plants whose output will be distributed over a relatively short
radius in the swrrounding territory. This can be true especially for
activities related to agriculture. By contrast, the giant Soviet plants
built between 1928 and 1937 often distributed their ouput from one
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end of the. country to the other. Soviet mdustry tended to grow ina
handful .of major centers, separated from each other by hundreds. of
miles' of relatively empty economic space. Where heavy weight-losing’
inputs are not a decisive consideration, densely settled countries
should be able to distribute their industry more uniformly over their
territory. For any set of plants with specified capacities and unit costs '
of production, the densely settled economy should find it possible to.
achieve a lower average delivered cost for finished commodities than
is open to the sparsely settled economy, since each plant’s delivery
radius can be shorter. Under these conditions the share of resources .
used up in transportation should, all other things being equal, be
“ smaller than in the United States or the U.S.S.R.

. A distinguishing feature of Soviet development policy for thirty years
~was a singular willingness to permit and stimulate rural-urban migra-
_tion without much growth in urban social overhead capital. The re-
“sources thus withheld from social overhead capital were plowed back
into heavy industry. Only recently have attempts been made to relieve
intense urban overcrowding and catch up on a large list of long-de-

ferred needs.

' But again, densely settled economies may have open to them a less
}.Dracoman approach, If factories with reasonable economies of scale
‘need not be so concentrated in a handful of major centers as was true
:‘in the US.S.R., the degree of urban overcrowding can perhaps be
‘reduced. Especially for relatively footloose activities, liberated by
electric power and container shipments from narrow dependence on a
.few locations, countries like India may be able to spread new plants
among many towns instead of a handful of large cities. The increments
“in social overhead capital necessary to avert Stalinist conditions would
“then be smaller than they would be if the new factory labor force did
not continue to live in surrounding villages. In this respect, therefore,
the harsh example of Soviet experience could be modified.

Conclusmns

One could sum up the precedmg discussion by saying that Soviet
experience shows how frugality in transportation development can’
contribute to rapid industrialization, The record is one of success, not

*failure, Respect for Soviet performance is, if anything, heightened by a
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recognition that planning has not proved to be a magic key to optimum
solutions, Furthermore, nationalization, while it may have shifted
questions to different offices, has not provided elegant and efficient
answers to the basic questions in this field. Soviet planning methods
and operating procedures in the 1928-1940 period were crude. Ad-
vances in programming techniques should enable currently developing
economies to plan and manage the development process with less
cruelty and waste of resources than the US.S.R. has experienced.
Moreover input-output and linear programming methods are receiving
extensive development at present in the U.S.S.R,; their application to
the Soviet economy can thus facilitate (though it cannot guarantee)
more humane and efficient economic performance in the U.S.S.R. as
well, -



Regional Dévelopment Policy

MITCHELL, HARWITZ®

L e ;E:’unzmn INEQUALITIES OF PERSONAL INCOME ‘and
‘wealth are familiar problems in underdeveloped countries. Almost
equally well known are differences in the rates of return on various
activities.! In many underdeveloped countries these differences express
themselves geographically, too. For instance, the phenomenon of the
dual economy, so often discussed in the literature on economic develop-
ment, can result in an enclave of relatively high incomes that is just as
distinct geographically as it is industrially. In physically large countries,
like Brazil or Nigeria, the past economic growth of the nation frequently
involved the imposition or reinforcement of sizeable regional differ-
ences in income and wealth.

The political systems of underdeveloped economies have not been
insensitive to these inequalities. Short-run considerations of equity and
the simple facts of political life in representative governments have led
politicians to try to equalize incomes geographically. Their policies often
take the form of transport investments and/or preferential rate policies.
Such policies may be justifiable on their economic merits. Whether
they are or are not often seems immaterial to the political leaders who
formulate them.

The subject of the present paper will be n method of implementing
an equalization policy that does as little harm as possible—in a sense
to be clarified later—to the general economic interests of the country
fostering the policy. The approach assumes that an equalization policy,

® State University of New York at Buffalo.

1The form of the statement is deliberately loose. One hesitates to attribute the
return to the factor income of some specific factor, in view of present debates

as to the relative importance of human versus nonhuman capital and the im-
portance of the extent of the market.
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inmiore or less’ explicit form, is being pursued. It also takes as given

- thate the: statistical information available in the developing economy
is rather limited. Specifically, it is assumed that the data are insufficient
toprovide a basis for a long-run, dynamic optimizing model in re-
gional form. Thus, a useable short-run approach that relies not upon
time-series data but mainly upon observations in a single year will be
presented. The statistical assumption is of first importance as a justifi-
cation for the entire procedure. ; ‘

Another rather specialized feature of this approach is the treatment
of the role of planning by government. Aside from the obvious limita-
tions imposed by the presumed lack of data, the author takes a view
that apparently—though not actually—assigns a more limited role to
government than is usual in the literature on economic development.
Very broadly, the government: (1) produces public goods which can-
not-be priced in the market (e.g., defense) and “political” goods such
as education; (2) produces other goods and services on a competitive
basis, as if its enterprises were private; and (3) produces transportation
services, which are neither public nor, necessarily, produced on a com-
petitive basis. Finally, the government may have reason to regulate
the prices of certain primary commodities, as will be suggested later.

Otherwise, the government is assumed to be a “price taker” in the
specific sense that, in the absence of a dynamic, optimizing program
of some sort, it does not presume to impose prices on capital and
other durable goods. It takes domestic or world market valuations as
given in these cases, except insofar as tariffs are Imposed on imports or
taxes on exports without specific justification from a dynamic program.
Such a procedure can be faulted on the grounds that the results might
not be “optimal.” But since this approach is based on the assumption
that an “optimal” result is not available because of lack of information,
the point is moot.

The fundamental idea of the approach taken herein is to obtain a
characterization of the “productive” sector of the economy; that is,
both the private sector and state producing agencies acting “privately.”
The assumption is that this sector either is, or should be, competitive so
that the characterization involves the basic assumption that any equi-
librium of the productive sector is, or should be, a competitive equilib-
rium, The final assumption is that the technology of the productive
sector (other than that of the transportation “industry”) is linear and,
therefore, exhibits constant returns to scale with no internal or external



146 ' BREGIONAL DEVELOPMENT POLICY

‘economies or diseconomies. This is an assumption that would be hotly
‘debated by many econumists. However, one is forced to it on compu-
tational grounds. The model is rather large-scale, and all such models
are probably forced by limitations of data and computing equipment
into a constant-returns, no-externalities format. Later, this paper will
explore briefly the implications of assuming that there is an error in
this specification of the model. ‘

Broadly, then, the desired model may be described as follows: a
linear, many-commodity, many-region model of the productive sector
of the economy, that can be compiled from one year's data and then
computed. The purpose of the computations is to evaluate the re-
sponses of the productive sector to the government’s transportation
policies, on the assumption that “competitive” equilibrium is main-
tained in the sector. The problem is to learn, with the limited data at
hand, whether or not there is a tendency to regional income equaliza-
tion, and, if there is not, to learn which government policies, if any,
will change the current trend. If political considerations dictate that
some such changes must be made, what is the “cheapest” way to ac-
complish them? The present model is a step toward an answer.

On Regions in Underdeveloped Countries

_ One of the great insights of theoretical economics is the idea that,
when a commodity is not produced in a particular place, the reason
is that it is unprofitable to produce it there and not necessarily that
it is impossible to do so. This notion is central to the approach to
regions and regionalization used here. Several other assumptions are
made: (1) In characterizing the technolugy of the productive sector,
there is but one output from each productive process. (2) There is but
one way to produce each output. This last assumption is not necessary
in the formal analysis and is actually made only because it is difficult to
obtain enough data to characterize alternative processes. (3) Finally,
many resources (that is, nonproduced goods and services) are immobile
between regions. Given these three assumptions, one can expect that
some areas of a multiregional economy will be highly specialized
in production as a consequence of differences in resource endowments
among the regions. The degree of regional specialization at any mo-
ment in-time will then depend on the degree of variation in resource
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endowment, and the change in specialization over. time will depend on
the ways in which the passage of time renders resources mobile be-
tween. regions, AT o : .

- As a consequence of this point of view, there is another assumption
that might seem flatly unrealistic: namely, that the same productive
processes could be used in all regions if it were profitable to do so.
For example, one could argue on this basis that the reason for the
present heavy concentration of industry in southeastern Brazil lies in
its relatively abundant stocks of natural and produced resources, in
comparison with those of other regions of the country, This “common
technology” assumption is associated with another, less obvious, one;
that firms in the productive sector are national in scope in the sense
that they can locate in any region and buy and sell in any region. It
follows from this assumption that single regions need not have zero
balances on current account in their trade with other regions, since
there is a built-in mechanism for the transfer of indebtedness within
the country.

A final group of assumptions relates to the sectors engaged in foreign
trade. Since most underdeveloped economies are very much “open”
economies, foreign trade is possible. However, only some of the regions
can engage in such trade—namely, the regions with ports, The move-
ment of imports into other regions and the movement of exports into the
“port” regions will be subsumed under internal interregional trade,
Further special aspects of trade, in particular the pricing of imports that
are not produced domestically, will be dealt with during the exposition
of the model.

The Model and Its Setting

In an underdeveloped country with a significant foreign trade sector
and limited statistical resources, one can expect that the strongest
sources of statistical information are those connected with the pricing
and production of exports and vth importation. Time-series informa-
tion on the behav’yr of demand for consumption goods and capital
goods and on the national income may be very limited. In such a case,
one can expect that a “convulsive” statistical effort could produce
sound national income figures for a base year, the rudiments of an
input-output table for that same period, and various special kinds of
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cuirent price data in addition to those produced by the foreign trade
‘sector, ‘A certain amount of additional effort can probably generate
data from government and private sources on the costs of moving
‘various classes of commodities from place to place in the economy.
* Finally, information on current rates of output by region in nonagri-
cultural activities should be relatively easy to compute from such gov-
ernment sources as tax returns and the raw materials of the investiga-
tion into the national income. This, then, is the statistical setting of
the model.
~ The goal of government planning, in this situation, is to use these
limited data in such a way as to be able to consider intelligently the
feasibility and soundness of proposals to equalize regional incomes.
The central idea of the examination is this: by assuming that the “pro-
ductive” sector and the transportation sector operate as if they were
competitive and have a “linear” technology (constant returns to scale),
one can use computers to describe “efficient” relationships between
the prices of “final” goods and those of resources and transportation.
This allows one to examine the relative prices of various resources in
different regions, to predict in a loose way the responses of the produc-
tive sector to these relative prices and, finally, also to predict (loosely)
the effects of changing various prices and costs that are under govern-
ment control, e.g. transport. The approach used here amounts to the
substitution of assumptions (“competitiveness,” “linearity”) for infor-
mation, in the hope that many assumptions plus some data will yield
hints about actions that can be taken while more data accumulate.
The goods and services that enter the model fall into two categories
of use and two of source: final and intermediate use and produced
and nonproduced by source. In any fixed period of time, a good or
service may have both uses but not both sources. As a matter of
terminology, I shall refer to goods and services generally as “com-
modities.” Nonproduced commodities will be called primary com-
modities or “resources.” Labor is a resource, as is coal in the ground.
Consumption goods and capital goods have final uses, but capital
goods may also have intermediate uses. Transportation, insofar as it is
considered a distinguishable commodity, would have intermediate uses
when it is used to transport other commodities and final use when it
is used for pleasure trips. The distinction between resources and other
commodities, it should be noted, depends on the time period under
consideration, Capital goods, for example, are primary commodities
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in the very: short run, since the available quantity cannot be changed
within a brief period. Ultimately, however, they are producible. Ex-
portation is an intermediate use, and imported goods may have final
or:intermediate uses. Neither type of commodity is primary. Imports
can, in fact, be regarded as “produced” by exports, which provide the
foreign exchange needed to buy the imports,

The final uses of produced goods are the raison detre of the pro-
ductive sector. They are the items that enter Gross National Product
(gross national income at market prices) in a standard income account-
ing framework. In planning terminology, they are also the items that
enter the “objective function” that is to be maximized. The under-
lying idea in the assumption of competitive behavior in the productive
sector is that a competitive productive sector, given the prices attached
to final uses of commodities, operates so as to maximize the value of
its final outputs at the given prices, within the limits imposed by the
technology and resource availabilities, In more traditional utilitarian
language, the competitive productive sector acts as if it were a com-
puter designed to maximize a social utility index. This index is a linear
function of the quantities of each commodity available for final use, the
coefficients of the linear function being the given prices.

Before describing the model, one last point should be clarified. Why
deal with a model in which the objective is apparently to maximize
the value of net output of the productive sector? Surely, a more reason-
able approach would be to maximize the national product, including
the value of output of “public goods” and other goods, such as edu-
cation, that do not enter the market. This more general approach may
be logically acceptable, but application of the general optimizing con-
dition requires an evaluation of education and other “politically con-
trolled goods relative to outputs of the productive sector. The evalu-
ation must be independent of the cost of producing the “political” goods.
Thus, it would be necessary to have prices for such goods and services
in order to include their values in the objective function. These prices
are seldom measurable in underdeveloped countries, but, even if they
were, political realities probably would not allow for the use of such

* Robert Dorfman, Paul A. Samuelson, and Robert Solow, Linear Programming
and Economic Analysis (McGraw-Hill, 1958), Chapters 13, 14; T. C. Koopmans,
“Analysis of Production as an Efficient Combination of Activities” in T. C, Koop-
mans (ed.), Activity Analysis of Production and Allocation (Wiley, 1951),
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_measurements. Instead, one must assume that the: government is pre-

- pared to produce certain quantities of these commodities and to pur-
chase the necessary inputs on the open market out of tax revenues, On
such an assumption, the model predicts the behavior of the productive
sector in response to changes in government policies about “political”
commodities and certain prices.

To make some of the basic economic ideas as clear as possible, the
discussion will proceed in two stages. It will begin with a simple model
dealing with the production of a single homogeneous final commodity
in various regions. Then the useful intellectual “juice” will be ab-
stracted from this case, and the general model will be considered. In
this way, the use of a programming model as a predictive device can
be made more clear.®

The data needed to develop and use the transportation model for
the single good are as follows:

a. division of the economy into producing and consuming regions;

b. money costs of producing and transporting a unit of the good
from each producing region to each consuming region;

c. demand per unit of time in each consuming region;

d. capacity to produce, per unit of time, in each producing region.

For this application, demand is fixed and independent of delivered
price. The assumption will be abandoned later, so there is little need
to discuss it. The introduction of “capacity,” a concept that will be
used a good deal, requires more extensive examination,

A linear economic model of the sort used here can be envisaged
as a collection of “activities” each of which can be operated at any
desired level of intensity. The word “linearity” embraces the assump-
tion that one can learn everything there is to learn about an activity
(except its absolute scale) by observing it at a representative level
of intensity. Consider, for example, the activity of producing one
unit in region 1 and shipping it to region 2. In this very simple model,
all that is required to carry out the activity is the ability to produce
in region 1. In more general models, one would of course require vari-
ous inputs of othex goods and services. But in either case, there is ap-

' Reference to the technical aspects of the models can be found in the works

already cited and in Harold W, Kuhn and Albert W. Tucker (eds.), Linear In-
equalities and Related Systems (AMS 38, Princeton, 1956), especially pp. 183-193,
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parently nothing intrinsic to the process that limits the level of output.
Intuition suggests that, at least in the short run, there is something
wrong -with this view. One might suggest that in the short run (by.
definition) certain required factors of production are available to an
industry only in limited quantities. For example, a certain kind of
capital equipment may be a “limitational factor.” This essentially tech-
nical limitation is embodied in a limit on the level of intensity of the
given activity. The limit is expressed as a constraint on the capacity to
produce. Insofar as the constraint is binding, it will generate a quasi-
rent above and beyond any factor payment embodied in the money
cost of production and transportation that is used in the criterion.

The criterion to be minimized is the total money cost of production
and transportation. The problem is to deliver at least enough to each
region to cover demand, without requiring more than any region can
supply, at total minimum cost. The dual of minimizing the criterion is
to maximize the total value of deliveries less quasi-rents (which I shall
henceforth call “rents”) attributable to capacity limitations. Each activ-
ity operated at the unit level of intensity requires as input one unit of
capacity in the region of production and delivers as output one unit at
the region of consumption, The formal model is presented and dis-
cussed in Appendix I,

In essence, the model can be used to compute production in each
region and reveal the entire pattern of trade among regions by using
data on costs, demands and capacities, all under conditions of the
short run equilibrium of a perfectly competitive industry. The initial
responses of the productive sector to possible government policies can
also be computed. Insofar as government policies have predictable
effects on such parameters as production costs, transportation costs,
and regional demand, the ranking of regions according to rents can
be computed on the basis of a given set of policies. It is demonstrated
in Appendix I that this ranking corresponds to a private industry’s
ranking of sites in terms of profitability, so that the movement of new
capacity can be predicted on this basis. This will serve as an indica-
tion of the kinds of policy the government ought to follow, given a
criterion such as maximizing the value of the output of the productive
sector.

The one-commodity transportation model is clearly too limited to
be used as an approach to the calculation of valid development policies
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of’ to ‘the ‘evaluation of transportation’s role in these policies. Even a
generalization in the direction of many final goods is insufficient. For
‘example, the possibility that it would be profitable to make apple sauce
in‘a region leads also to other possibilities that need to be considered:
~ the making of apple sauce machines and the raising of apples, for

- example. A model that is general enough to be really useful ought to
consider intermediate uses of commodities as well as purely final uses.
Furthermore, capacity limitations are really not the only constraints
on output that ought to be encompassed by the model. Even though
there is some interregional mobility of primary factors, limits on factor
supply are very important in many industries. Finally, exports and im-
ports for the whole economy have to be considered.

“'The first step in the generalization is to note that activities that
produce a unit of output in one region for delivery to any region (dif-
ferent or not) will use various quantities of nonproduced and produced
goods in the process. The economy of a region can thus be visualized
as a collection of activities that produces goods for final or intermedi-
ate ‘use, either within the region or in another region. It requires
goods for final or intermediate use that may be supplied from the region
itself or from another region. It follows from this characterization that
limitations on total output will arise not only from short-run capacity
constraints but also from the requirement that sufficient inputs must be
available in a region to support its total level of output.

The computation of costs of production and transportation presents
difficulties in a general model that simply did not arise in the single-
commodity example. In the simpler case, it was correct to assume that
the cost of production was independent of the pattern of trade. This
is clearly not the case in a general model. The cost of a unit of output
that uses ten different inputs, eight of which can be imported, de-
pends on the prices of the inputs in the region where they are made
and the cost of transporting them to the region where they might be
used. On a more general level, one could conceive of the observed
money cost figwres in a one-commodity model as representatives of
real social costs, while such a conception may be invalid in a model
that is supposed to embrace all the activities of an economy. In such
a model the costs of produced goods cannot all be given from outside
the system.

-.iese problems suggested two different approaches to generaliza-
tion, The first, which is due to A. P. Hurter and is discussed in detail



MITCHELL HARWITZ - . 153

elsewhere,* develops a cost-minimization model that minimizes the
total cost of primary input requirements at observed prices of these
inputs, Thus, observed prices of certain nonproduced goods are as-
sumed to measure the social costs of production of all other goods in
terms of their direct and indirect requirements of primary goods. The
prices of all goods produced in the economy are actually computed
in the course of solving the dual linear programs associated with the
model.

The second approach takes the view that the prices of commodities
in final uses are to be taken as given, all other prices being computed
by the model. Actually, since the economy is open, I assume that world
market prices for both imports and exports are given, along with
domestic prices for the final uses of commodities. However, these ex-
port and import prices function less as money prices than as “produc-
tion coefficients” specifying the terms on which units of exports can
be converted into units of imports. For this reason, I speak of “given
prices” only with reference to the final uses of commodities. The
maximand of the primal problem, therefore, is the value of domestic
production for productive sector consumption and investment (includ-
ing desired inventory change), plus imports for these uses, plus given
government requirements. The formal model is presented and discussed
in Appendix II.

Interpretation and Use of the Model

To see the ways in which the larger model can be used to examine
government policies, recall first the basic principle of interpretation
given in the small, single-commodity example. The model provides a
relatively convenient, detailed description of the short-run equilibrium
of the economy; not, in this instance, of a single industry, but of the
entire productive sector, which is macle up of private competitive firms
and government enterprises behaving competitively. The equilibrium
is stated in terms of an observable set of prices given from outside the
problem: in particular, domestic and foreign prices are given, and the
equilibrium is described with these as the prevailing prices. This is

‘M., Harwitz and A. P. Hurter, “Transportation and the Economy of the Appa-
lachian Region” (Transportation Center Report No. 66, Research Division, The
Transportation Center at Northwestern University, August 1964), pp. 47-59.
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~ the technical meaning of my earlier remark that in using this model
the. government acts essentially as a “price taker” rather than as a
price maker. One exceedingly important consequence of taking ob-
served prices as given is that the relative valuations of consumption
and investment implied in the observed price system are taken as
given. It is practically a cliche in development literature that the
free market may produce the wrong relative valuation in such cases.
But there appears to be no way to compute an zlternative set of prices
in the statistical circumstances specified earlier. So the analysis pro-
ceeds on what may be an incorrect “equal-ignorance” hypothesis.

Another important characteristic of the short-run equilibrium de-
scribed by the model (a characteristic that has very important effects
on its comparative-statical properties) is that the transportation sector
is “linear.” Whether the sector is assumed to be run by the govern-
ment, by private drms, or by both, a crucial aspect of the description
is that there are no economies of scale in transportation. There are vari-
ous other features normally associated with the relation of unit trans-
portation charges to sizc of shipment (mixture of items in the ship-
ment, number of stops to discharge, etc.) that are also slighted, but
these are hard to specify at the statistical level of this model. They are
not nearly as important as scale economies in any case.

What if there are economies of scale in transport? What effect has this
on the usefulness of the model as a predictor of the effects of govern-
ment policies? Assuming that the description of the initial short-run
equilibrium state is reasonably accurate, the effect will be that the
costs of transportation should vary from the initial figures as the pat-
tern of shipments changes, simply because of changes in the volumes
shipped. Since growth is of primary concern here, the particular error
that may be introduced is that the current unit costs of transportation,
which should decline as shipments increase, will be assumed in the
computation of the results to remain constant. This would amount to
saying that the model will give conservative estimates of the increase
in productive-sector output achievable through increases in capacity
to produce or in resource availability. At the same time, an attempt
to compute the capital costs of given improvements in the cost of
transportation would give too high an answer unless the scale econ-
omies were accounted for.

There are various ad hoc ways to make adjustments for these inac-
curacies. However, these methods tend to require considerable special
knowledge and research into the cost structure of the transportation
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sector. Perhaps the best that should be done at an early stage is to note
that the results of the computations would tend to be conservative and
to allow for this in evaluating policies. Finally, the presence of econ-
omies of scale means that, even if the description of the current pattern
of costs and shipments is fairly accurate, the transportation sector can-
not break even at the computed prices. If the model were an entirely
satisfactory linear anproximation to a nonlinear technology in all other
regards, it must necessarily produce a total income for the transporta-
tion sector less than the total costs of the sector. This simply reflects the
fact that an efficiently run, increasing returns industry ought to be
losing money in an (otherwise) efficient competitive equilibrium,

With these two provisos very much in mind, I turn finally to a list-
ing of the policy problems that can be put to the model and, hopefully,
answered for the short run. The basis of the analysis is the fact that
the model provides prices for immobile resources and productive fac-
tors, and, therefore, points to those regions where the long run should
see inflows of factors of production seeking high returns. The result
of the initial computation is a description of the activities of the pro-
ductive sector, by region, on the assumptions listed in so much detail
about technology, competition, etc., and on the assumption that the
government has made up a budget for its activities that involves pur-
chase of factors of production and other commodities in open, com-
petitive markets. There will presumably be considerable regional in-
equality in level and type of economic activity.

The goal of government planning is that the income of the produc-
tivo sector is to be maximized provided that current government plans -
for the production of public goods and “political” goods can be carried
out. The first thing that can be checked is the regional distribution of
government purchases. The rate of change of productive-sector income
with respect to a change in some government requirement can be cal-
culated, as can be the rate of change of income with respect to a
chenge in government purchases of a produced commodity. Using
these results, government planners can try to distribute the total of
government requirements among regions in such a way as to interfere
as little as possible with the achievement of maximum output by the
productive sector.

The second. step is to observe the rents on capacities by region and
the rates of remuneration of resources by region. If areas of relatively
low income show relatively high returns to certain kinds of capacity
and certain resources compared to other regions, it may reasonably be
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-expected - that the productive sector itself will produce movements
tending to reduce the regional inequalities. However, some of these
scarcities will not be of the kind that private initiative can correct
eeasily in underdeveloped countries, In that case, the model provides
-a suggestion as to the particular resources that need to be supplied in
relatively backward regions to induce the productive sector to initiate
new activities in the regions. It may be discovered in the course of
such an analysis that the regional inequalities of income cannot easily
be reduced by these methods. It is possible that relatively backward
regions are so disadvantaged by a combination of meager resources
and costly transportation that the model suggests that they should
simply empty out. This means that the government planner will try to
raise income in the particular region only at the cost of running counter
to the short-run tendencies of the productive sector. Since the model
can provide no justification for such a policy, the best that can be
‘expected from applying it to this situation is the “least unfavorable”
method of raising income by subsidizing, directly or indirectly, those
activities least unprofitable to the productive sector. It should not be
‘hard to see that the entire thrust of the model is in the direction of re-
quiring a very strong justification for such a procedure.

- Finally, the role of changes in transportation costs and tariffs (posi-
tive or negative) must be considered. The short-run increase in pro-
‘ductive-sector income arising from changes in transportation costs can
-be computed, at worst by solving the model anew and at best by a
step-by-step procedure of the kind suggested earlier. The qnuestion
then is whether the change is worthwhile in terms of connected neces-
“sary changes in government requirements for commodities and re-
sources. The model gives a conservative estimate of the comparison
between the costs and the income benefits of the change. If such an
estimate passes a minimum “rate-of-return” test, then I should judge
that the actual results will be more profitable even than the model
predicts. If the test is not passed, the situation might be examined
further. In the spirit of the model, the first approximation to the cor-
“rect rate of return is the prevailing rate of return on’capital invest-
ment. It is important to note that this test does not require that the
return accrue to the transportation sector. The effects of changes in
tariffs and export taxes can also be computed, since these represent
changes in prices. There are various ways for the government to obtain
“a given level of revenue from such taxes. The purport of the model is
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to-'chdose the:way’ that maximizes ‘the value’of productive-séctor out-
put.

On Sources of Data and Other Problems

--All,the previous discussion of the interpretation and use of this effi-
ciency model has been based on the implicit assumptions that the
model was completely disaggregated and that the input coeflicients
were strictly technical relations. Needless to say, there is not enough
data available to estimate the coefficients at this level of disaggrega-
tion and no computer big enough to handle the model if the data were
available. The coefficients that could be estimated would necessarily
be in the “dollar’s worth” form used by Wassily Leontief and his as-
sociates in their studies of the American economy:® estimates of the
value of purchases from each industry group per dollar of the value of
output of each industry group. Fortunately, aggregation does not ap-
parently make any difference in the use of the model. It simply means
that the model undergoes a special transformation based upon the
price parameters given from outside the model. If there are any doubts
about the results, they would then arise in terms of the accuracy of the
estimated prices. This is a familiar problem to economists, one they
have learned to live with if not to solve. The appropriate operational
principle would seem to be that disaggregation should he pursued
where error is most costly. The application of this idea will be noted
below.

Once it is assumed that there must be considerable aggregation, the
remaining problems are those of collecting enough information to use
the aggregated model. The research budget of any agency likely to
apply the technique will be limited, so certain broad principles of allo-
cation of expenditure on research have to be laid down beforehand.
The most obvious rule is the one mentioned just above: allocate any
given budget in such a way as to minimize the cost of error. If one knew
at the start the relative importance of the various kinds of data, the
rule would be easy to apply. But of course one cannot have such prior
knowledge. The best that can be done a priori is to make an intelligent
guess about the relative importance of the data and then proceed as
if the guess were correct,

¥ Studies in the Structure of the American Economy (Oxford University Press,
1053), pp. 150-162,
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Thedata gctually, npédgd to use the model fall intq.four:b‘rqad- cate-.
gorfes:” o

1, prices;
-2, input-output coefficients related to production; = .
8, input-output coefficients related to transportation;
-4, capacity and availability measurements related to production,
" transportation, and primary goods. - S

The relative importance of these categories as areas of research de-
pends on one's assumptions about the importance of the factors de-
termining eacl. region’s trading position. If it were assumed that tech-
nological advantages and disadvantages are paramount, the most im-
portant requirement would be input-output coeficients for each region.
If it were assumed that costs of transportation are most important,
accuracy in these measurements would be required. Finally, if capaci-
ties and resource availabilities were assumed to be the dominant short-
run influence, measurements of these parameters would take prece-
dence. My own belief is that the second and third of these three as-
sumptions are generally of far more interest than the first, and that the
third is most important for many underdeveloped countries.

There has been no mention of problems connected with the meas-
urement of prices mainly because this kind of measurement has been
the subject of more successful effort than any of the other areas of
interest. Price data are surely available on a regional basis if the other
data are.

The measurement of capacities is especially difficult. In principle,
resource requirements and the input costs of movement are observable,
and in practice one may expect reasonably good approximations if one
is prepared to spend money. But it may be argued that capacity,
though observable, cannot be measured reliably even in principle. It
may be asserted that the maximum flow rate of output from any process
(the definition of capacity that is used in this model) is determined
only on the basis of depreciation, maintenance, and other policies that
vary. so much from firm to firm and time to time that any estimate
is necessarily unstable. That is to say, even a firm-by-firm survey will
necessarily produce an estimate subject to influences that cannot be
measured, like “the business atmosphere.” To the degree that this argu-
ment is true, the hypothesis that capacities are empirically important
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would be a most difficult one to test, On the other side, the limited
size of the industrial sector of many underdeveloped countries may
make it possible to obtain better estimates of “capacity” for the pur-
poses of this model than are available at similar cost in more deveioped
economies,

Another area of interest is the measurement of “resource availability.”
There are problems of definition here. Since resources are assumed
to be immobile in the short-run, coal below the ground is a resource
while coal at the minehead is not. This point is an example of a case
in which the technical definition of resource is too narrow. An in-
dustry like coal mining, which surely seems to be an industry exploit-
ing a resource, might have to be classified as an industry with a ca-
pacity limit instead, because of the mobility of its raw product and
the vertical integration of its productive processes. More important
than the problems of definition are gaps in data that might be crucial.

One of the major shortages of many underdeveloped countries is
a scarcity of “human capital.” The use of a model of the kind sug-
gested herein properly directs the attention of statistical agencies in
underdeveloped countries to a really serious effort to evaluate the
character of the labor forces in various regions. It is a shocking fact
that no agency in the United States collects such information on the
U.S. labor force. No poor country can really afford this kind of gap
in its information.

Conclusion

A static general equilibrium model which could be employed to
evaluate programs of regional economic development has been pre-
sented. While the use of this system involves substantial data ac-
quisition requirements, these are not so burdensome as to invalidate
this approach to development planning. Certainly more formal tech-
niques than those currently utilized merit consideration, since the pres-
ent methods permit the planner neither %0 evaluate the efficiency of
past decisions nor the potential effectiveness of future ones. Models
like this one represent systematic attempts to enforce evaluation of the
over-all effects of policies and to pinpoint important areas of ignorance,
Hopefully, this type of model will help to ease the burdens of these
responsible for planning and those who must suffer the consequences
of poorly conceived development programs.



~Appendix I. One Commodity—Many Regions
Static Equilibrium Model

~‘Notation used:
+0'=money costs to produce 8 unit of the good in the i-th region (I produc-
ing regions) and move it to the j-th region (J consuming regions);
;B=demand per unit of time in each consuming region;
«4 =capacity to produce in each producing region;
4X =level of intensity of the activity of producing in region i and delivering
to region j, or, quantity produced in region  and delivered to region §
per unit of time;
sP=delivered price in region f;
R=rent of capacity in region 1.
The minimizing problem (usually called the *primal” problem in this case) i8
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Expression (6) requires that there be no positive profit on any activity, after rent
18 deducted,

The important feature of this construction is that it allows one to compute
production in each region and the entire pattern of trade from data on costs,
demands, and capacities. Furthermore, the dual variables, which also arise from
the computation, can be given an interesting and useful interpretation To make
this quite clear, let us review a few theorems on linear programming. Suppose the
dual problems (1)-(4) and (5)-(7) have been solved for certain numbers, X 4P,
and (B. Then:

14 1
® ®T=x ;: WO W) = ;: (PGB ~ T (R)d) m V;

J
M) It ,Z X <A  fori=p, say, then R =0;
-l

(0) If 'p - p‘k < pqc fori = p and j = q, then qu =0,

Thus, if one regards ;;C and ; E as unit costs that are, respectively, paid out by
firms and attributed to limitational factors as rent, (8a) states that total revenues
must be completely allocated to costs or rents. Proposition (8b) says, essentially,
that no activity carried out in a region with excess capacity should generate
positive rent. Proposition (8c) is the sensible theorem that if revenue, (P, is less
than all costs, ,,qC-i-,,R then the “unprofitable” activity must be operating at
zero intensity. It should therefore be clear that these dual programs can legit-
imately be interpreted as a description of the short-run equilibrium of a per-
fectly competitive industry with inelastic industry demand curves,

Furthermore, the direction in which the equilibrium should change can also
be suggested. It can be shown that the saving of total cost (the change in C) that
would result from a small increase in one capacity (say, pd4) occurs at the rate
of —5R per unit of increase in capacity. This theorem has to be stated in “rate-
of-change” terminology because its validity requires that the contemplated
change in capacity be strictly less than the smallest quantity shipped in the
optimal solution. Using this version of the theorem, one can rank the regions ac-
cording to the rents accruing to capacity in the region,

Consider the situation of the industry when it can shut down capacity already
in existence and add new capacity wherever it is profitable to do so. If demand
in each region remains constant, then the first units of new capacity will be
placed in the region where the highest rent is being recorded. In effect what is
happening is that units of capacity that have no locational advantage or are
relatively old are being shut down in favor of units that are newer or better
located with respect to a given demand pattern. As capacity is shut down in a
region, its shipments are reduced by the same amount.

One may visualize this process in terms of the addition of new capacity one
unit at a time. Eventually, the number of units of new capacity must be large
enough to reduce to zero the shipments from a reglon where capacity is being
shut down. Until this happens, the rents, (R, remain fixed, even though the ship-
ments, X, are changing. However, once one of the shipping links between
regions falls to zero, a new pattern of shipping links has to be computed (tech-
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nically, a new basis has to be found), and when this is done there will be new
values for (R and ;P in the new solution. As the industry continues to seek a long-
run equilibrium, new capacity will be placed in the region with the highest rent
generated by the new shipping pattern.

.-Note how this procedure is useful as a device for predicting the behavior of the
productive sector. Suppose that the government plans to improve the transporta-
tion system linking one region to various other regions. What consequences can
be expected to flow from this act? First, a theorem dual to the one just stated
can be used. If the cost of transportation from region p to region g is reduced,
from pC to pC’, the saving in total cost will be (poC—pC’) times 50X, if the
basis is unchanged by this change in the cost parameters, However, the ranking
of regions according to rents accruing to capacities located in the region may
change. The new ranking can be computed by solving the problem with the new
cost, 5,C’, taken as a datum, and one can then predict the direction of change in
capacity according to this new ranking.

One must point out at this stage that there are several unsettied mathematical
questions connected with the analysis suggested above. The theorems actually
stated therein are true, and have been proved. However, certain other questions
of great interest for computational or planning purposes are quite unsettled. For
example, suppose one asks: “What is the largest cost-saving achievable from
the addition of a given number of units of capacity?”’ The problem is soluble
in & finite number of computations simply by solving the dual programs a suffi-
cient number of times. But it is not possible at this point to prove whether or not
the step-by-step process outlined earlier will arrive at a correct solution, though
it is believed that it will. Furthermore, suppose one were to construct a graph of
cost-savings as related to number of units of capacity added, starting from the
solutions #X, R, and ,P. It is known that the initial rate of saving is the highest
of the ;R. As noted above, the basis must change eventually, and new rents, say
¢V, will arise. It is not known whether or not the largest of the +R' is necessarily
smaller than the largest of the ;R, As a result, computationally convenient at-
tacks, using step-by-step procedures, are not yet available for questions of the
gort raised carlier in the paragraph. All these matters are being studied now.



Appendix II: Many‘»- Commodities—Many Regions
Static General Equilibrium Model

Notation used:

i) There are I internal regions (indexed by subscripts 1, J» p, and g). The
outside world is the zero-th region, and region 1 has all the ports and
therefore all imports and exports. (This can be generalized, but it is
not necessary to do so.) There are K commodities with final and inter-

“mediate uses (indexed by subscripts k and m.) There are R primary,
nontransportable commodities (indexed by the subscript 7).

ii) i¥x denotes the total quantity of commodity % available in region ¢ for
final use.

iii) 10Ek denotes the export of the %-th commodity from region I to the
rest of the world.

iv) P denotes the price of the k-th commodity in final use in region 1.

v) 16 denotes the world market price of the k-th commodity at the port
in region 1. Hence, it is an f.o.b. export price or a c.if. import price at
the port, adjusted for export taxes or tariffs on imports,

vi) iim denotes the quantity of the &-th commodity required to produce
one unit of commodity m in the ¢-th region,

vii) by denotes the quantity of the r-th primary commodity required to
produce one unit of commodity % in the -th region.

viii) X denotes the quantity of commodity & shipped from the i-th region
to the j-th region. In particular, X is an import of the k-th commodity
into region 1.

ix) (L, denotes the available quantity of the r-th resource in the i-th region,

x) ¢ denotes the capacity of the i-th region to produce the %-th com-
modity.

xi) it denotes the quantity of the r-th primary commodity required to
transport one unit of commodity % from the i-th region to the j-th re-
gion. This item could be added to item (vii) to derive a “unit require-
ment” coefficient for production and movement. It is assumed that the
shipper buys resources in the i-th region.

xii) ¢ome denotes the quantity of commodity m required to transport one
unit of the k-th commodity from the i-th region to the j-th region, as-
suming that the shipper provides transportation,

xiii) (R denotes the rent accruing to the capacity to produce good # in the
i-th region.

xiv) (W, denotes the value of a unit of the r-th resource in region i.

xv) ¢m denotes the value of a unit of the %-th commodity in intermediate
use in region 1,
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xvi) N is & variable associated with a restriction on the balance on current

‘ account in external trade. It is, basically, a factor of proportionality
between foreign and domestic price systems.

xvii) (Ox and (G, denote government requirements of commodity % and re-
source r, respectively, in the i-th region. An intolerably complex ex-
tension of notation could derive these fixed numbers from a “technol-
ogy” for the production of political and public goods, but this is
unnecessary.

. The quantities mentioned (:¥%, 10Ex Xk, iLys ¢Ar, iGr, and (Gy) should be

thought of as flows per unit time, not as stocks. In accordance with the earlier

discussion, the input coefficients, the parameters Pr, 1€k, iLs, idx, and the re-

quirements ;Gi and (G, are fixed numbers in the problem. The variables to be

evaluated in a solution are ;¥, 10Ex, ¢ Xk (including aX4), R Wy, sx, and A,
The primal problem is to maximize
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. The maximand s the value of the output of the productive sector available for
final use. Recall that this means all domestically produced goods plus all imports.
In view of the condition of current trade balance given by Expression (18), this
amounts to defining the maximand as the value of “productive sector” consump-
tion and “productive sector” investment expenditure, at market prices, including
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expenditure on imports for these uses. I shall interpret this in terms of national
income after writing the dual. Expression (10a) states the requirement that, in all
regions except the one with foreign trade, the final, intermediate, and govern-
mental uses of each commodity not exceed the total quantity available from
local production plus import into the region. Expression (10b) states the same
requirement for the region with foreign trade, extending total utilization of each
commodity to include exports and total availability to include imports. Expres-
sion (11) is the requirement that the need for primary products in each region
not exceed their availability in the region, the latter quantity being total supply
less government purchases. Expression (12) expresses capacity limits in each
region imposed by short-run limits on plant and equipment not produceable in
the period of analysis. Expression (18) is the requirement that current trade be
balanced. It could easily be extended to cover several regions with facilities for
foreign trade, in which case no one region would necessarily have balanced ex-
ternal trade. It could also specify any fixed level of external imbalance on current
account. Expression (14) is the sensible requirement that the solution values of
all variables be nonnegative.
The dual problem is to minimize
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The data for this problem are the same as those for the maximizing problem.
The solution gives nonnegative values of the variables listed in Expression (19),
Because the variable ) is associated with Expression (13), an equality, its solution
value is unrestricted in sign. Indeed, Expressions (18a) and (18b), which are as-
sociated with imports and exports respectively, are jointly associated with the
variables 10E;— 01X, which are unrestricted in sign, too, since they are the differ-
ences of non-negative variables. Expression (18) is actually the requirement that
each computed price 1w must be proportional to each external-trade price 16x,
the factor of proportionality being A in all cases, Expression (16) requires that the
computed value of the k-th good in the i-th region, which is a value of the com.
modity in intermediate use, cannot be less than the value of the commodity in
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‘final'use; If the value in intermediate use strictly exceeds the value in final use,
'all'production will be directed to intermediate use (;¥i will be zero if ari > Pr).
Expression (17) states the requirement that the computed values i, the value of
‘primary commodities ;/W,, and the rents to capacity ;Rx must be so chosen that
there is no positive profit on the sale of the m-th good in the j-th region, whether
it is produced there (in which case i=j in (17)) or clsewhere (in which case
1 ). The minimand is the value of payments to owners of primary commodities
(“factors of production”) and capacity (“other limitational factors’) less the
value of government purchases.

Since the fundamental theorem of linear programming guarantees that a solu-
ti mof V, say ¥, equals a solution value of Z, say Z, the equality ¥V =Z says that
the value of total sales of the productive sector (including sales of imports) to
domestic buyers equals in equilibrium the total value of buyers current incomes.
These values both differ from net national product by a quantity

] K I R
2 Y Gr) GG + . ZI: WG,

ful kel ful re

which is the value of government purchases and therefore also the usual estimate
of the value of government “output”. It is assumed here that the government
does not participate in foreign trade directly, and that no primary goods wove
in international trade. .

This entire construction exploits two well-known and rather deep theorems of
welfare economics.® The first says, in effect, that a set of outputs for final use,
gsuch as a list of values ;¥+* in a solution of (9)-(14), is “efficient” if it is produced
by the kind of competitive productive sector I have described. The second
theorem, after defining efficiency, establishes that it exists if and only if the
“efficient” set of outputs satisfics a pair of dual linear programs, such as (9)-(14)
and (15)-(19), for which the prices ; Py, are given and are positive. The operating
definition of efficiency is this: a list of outputs ;¥* (covering all values of 7 and k)
is efficient if and only if there is no other set of quantities available for final use
from the same resources, for which the inequalities

(20) ¢Ym** > ;Vn* (fori =jand k = m)
and
(21) (Ya** 2> 1 (for all other values of k and all values of ?)

all hold. These inequalities translate into the simple statement that no set can
be efficient unless it is impossible to have more of the m-th commodity available
for final use in the j-th region and at the same time at least as much of all com-
modities in all other regions and all other commodities in the j.th region available
for final use. In geometric terminology, efficients sets are “points” on a Pareto-
optimal production-possibility locus,

It is very easy to introduce variations into the formal scheme at this stage.
Since several of them are worth considering at the stage of application, they
should be available for analysis, First, it may be noted that there are no con-
sumption requirements analogous to Expression (8). They can be included, The
efficiency model provides a point on & production-possibility locus for each set

¢ See Dorfman, Samuelson, and Solow, op. cit., Chapters 13 and 14,



MITCHELL HARWITZ 167

of prices for final use, as illustrated by point 4 in Figure VIII-I, The demand
constraints restrict the points that can be called efficient to the area northwest
of Point B. The primal problem will have an additional constraint, of the form

@)y 2By i=1,...,1
k=l,"',K

and the dual problem will have a new nonnegative variable ;8. The minimand of
the dual will then be modified by the addition of the term

(23) i i (Be) (—:By),
twl hwl

while Expression (16) will become
(168") umu — 4 2 P i=mlees, ]
k= l, cee, K

The effect of this modification is to guarantee that a solution such as point C
cannot arise, This is accomplished by changing observed market prices to virtual
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prices equal to ;Py+8s, and evaluating the prices and rents %, WV, and ;R; as
if the virtual prices were the observed ones. It follows that the activities that
produce commodities for which s is strictly positive will show an accounting
loss, since the virtual revenue to the process, on which payments to factors are
based, exceeds actual revenue,

A second modification that might be needed consists in treating the cost of
transportation not as a cost in terms of goods and resources generally, but as a
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" ‘cost in terms of a single resource called “transportation,” This approach would
“'mean setting all the coefficients ¢fx and «om: equal to zero, with the resulting
- obvious modifications in Expressions (10), (11) and (17). In addition, three new
concepts would have to be introduced:
1) (T, the capacity of the i-th region to transport;
2) ytt, the transportation input required to move one unit of the k-th good
from the +-th region to the j-th region;
8) 48, the rent of a “unit” of transportation capacity in the i-th region.
These enter the model in the following way. Assume that exporters always pay
the cost of transportation, in the sense that it is their capacity to transport that
is used in carrying out & movement. A new set of constraints then appears in the
primal model:

(249) fé.:, ’il () wXs) ST i=1,00,1

‘This is the requirement that transportation capacity not be overutilized. The
minimand of the dual problem, (15), then must contain an additional term

@) + ?':. @)D,

which is the total of rents to transportation capacity. Finally, the constraints of
the dual problem must be changed in order to account for the new variables, ¢,
and the new constraints, (25). Expression (17) will thus become

R
A7) 5 ) m) = srm + 35 (W) o) + B + (@) ate) 20,
j=1,.-,1
m=1.-...,K,

It can be seen that this expression includes the same “‘elements” of cost 1s did
(17}, namely, costs of intermediate inputs, primary inputs, and capacity. In
addition, transportation is included only in the final term, in the form of a pay-
ment by the shipper from region ¢ to region j, Expression (19) must be changed
to include the obvious restriction that the rents, (s, be nonnegative.

Having introduced the formal modifications for purposes of reference and dis-
cussion, I shall carry through further formal arguments in terms of the original
version of the dual programs, leaving to the interested reader the obvious modi-
fications necessary to apply these arguments to the modified forms. To sum.
marize the position, I shall manipulate a model consisting of :

Primal problem Dual problem
Expressions (9)-(14) Expressions (15)-(19)
The other versions available are:
Modification 1 .
Primal problem Dual problem
Expressions (0)-(14) and (22) Expressions (15) modified by (28),

(16", (17), (18), and (19)
extended to cover S;.
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‘Modification 2

Primal problem ‘ Dual problem
Expressions (9), (10) and (11) Expressions (15) modified by (25),
modified, (12), (18), (14), and (24). ' : (17), and (19) extended to cover ¢,

Still other changes—such as a combination of the first and second modifications—
are formally possible, though not necessarily of great interest.

What have I available now, in the way of theoretical manipulations and in-
sights? First, there are certain basic price and cost relationships that give a
certain economic insight. For instance, consider an imported good not produced
at home, How is it to be priced? Obviously, it cannot arise through domestic
manufacture, and its price will he based somehow on its c.i.f. import price, say
1¢x. From Expression (18) we may learn that the relevant domestic price is ym.
If the good is in fact imported, it will command a price in intermediate use in
region 1 equal to 17k, which is proportional to iex. Prices in intermediate use in

cher regions will be equal to 1 plus the costs of shipment to other regions, The
import will be restricted to intermediate uses only if the given prices in final
use, 1Py, ¢ « -, 1Py are less than vy, + -+, rme. Otherwise, there will be both uses,
A similar line of reasoning will clarify the pricing of exports for which there is no
home demand (e.g., iron ore shipped from Liberia). It is worthwhile to note that
a good can be produced at home and imported at the same time in this model.
If this occurs, however, it means either that there are positive rents on domestie
capacities (the relevant ;Rx is non-zero) or that there happens to be exact in-
difference between domestic and foreign procuction of the particular good.

Aside from these basic equilibrium relaticnships, there are a number of ques-
tions of “comparative statics” that can be examined, using what are essentially
generalizations of the theorems referred to on pages 161-62 above. The basic
technique is to examine the effects on the equilibrium values ¥ and Z of changes
in various parameters. Among those changes whose effects are easy to check are
changes in G, Gy, end ;4:. A little less easy computaticnally but still fairly
direct are changes in such coefficients as ;jtum and i, the input costs of trans-
portation of the %-th commodity from the r-th to the j-th region. The ability tc
carry out these analyses directly on a computer makes possible the evaluation of
government policies referred to in the first part of the paper.

It should be noted that the convenient step-by-step caleulating procedures are
no more sure to converge in this large model than they are in the small example;
hence, the solutions are available for some of the computations only by recalcu-
lating the entire problem. Consider also the following example, which is meant
to remove the impression that systems of this kind apply only in developed
economies. Consider the problem of improving the relative income of a purely
agricultural area. Would industry, where there was none before, help? The
model will give the virtual rent on industrial capacity in the agricultural area.
It may show that a little is “too little,” in the sense that several capacities may
be needed at once to raise virtual rents to a tolerable level. How about new
crops? If the data are good enough to distinguish between different outputs of
the agricultural sector, and input coefficients on the new crop are available, then
the model can be used to test the new crop as well.



'Economic Evaluation
of Transport Projects

‘HANS A.'ADLER®

o r.[;m ECONOMIC ART of evaluating transport projects
in'less'developed countries is still primitive, but whether the dis-
crepancy between theory and application is greater than in medicine,
for example, is difficult to judge. This article describes the generally
prevailing status of the art among those who have perhaps the greatest
experience witn it, discusses some of the major problems, and makes
a number of suggestions for further improvements. The main em-
phasis is on the evaluation of highways because they usually present
greater difficulties for economic evaluation and because in the future
their expansion is likely to be more important in most developing
countries than that of other modes of transport. However, the meth-
ods and techniques discussed are of general applicability.

‘The eccnomic evaluation of public works projects has been de- |
veloped most extensively in connection with water-resource measures,
such as flood control, navigation and soil conservation, It received
its initia] impetus in the United States in the 1930's when legislation
required the Bureau of Reclamation, the Army Corps of Engineers
and other agencies to measure costs and benefits and to use such
measurements in the selection of particular projects. There have been
many of these studies in the last 10 years, with particular emphasis
on water resources.

In the transportation field, the evaluation of railway projects and
to some extent also of shipping and port projects, was usually limited

® The author is a transportation economist with the World Bank, While the

article is based in large part on the Bank’s experience in project evaluation, the
views expressed do not reflect any official views of the World Bank.
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to a financial analysis to determine whether future revenues could
cover costs, In recent years a few railroads have adopted more formal
capital budgeting methods. Econcmic evaluations, however, became
& necessity with highways since they do not generally produce direct
revenues. The first ones were made by engineers in state highway de-
partments in the late 1930's, Their use in less developed countries
did not become extensive until a few years ago under the impetus of
various foreign aid programs,

There is, of course, no causal relation between the backwardness
of the economics of transport evaluation and the fact that until a
few years ago it was virtually the exclusive domain of engineers. On
the contrary, this condition is to a considerable extent due to the
failure of economists to interest themselves in this area even though
it is one in which close cooperation between economists and en-
gineers is especially important, As a result, some of the most common
mistakes in project evaluation result from the failure to apply eco-
nomic criteria correctly or at all; a few of these, such as the failure
to distinguish between private and public costs and benefits and
between average and marginal costs, are discussed below.

A very special problem in less developed countries is the absence
of basic statistics; this is frequently decisive for the degree of accu-
racy and refinement possible in the analysis. Most of these countries
have, for example, initiated only very recently the collection of high-
way trafic data. Where statistics are available, they are usually
limited to simple traffic counts; information on origin and destination
of traffic or on the types of commodities carried on highways is
hardly ever available, Little is usually known about vehicle operat-
ing costs on different types of highways or about road maintenance
expenditures on different types of surfaces. As a result, most new jn-
vestments and the allocation of maintenance expenditures have usually
been made virtually without any detailed economic analyses of
priorities. It is no doubt true that, within limits, some of the most
obvious investments can be made simply by looking at a map and
at the location of major industries and population centers, But this
is mot true after the most obvious highways have been constructed,
nor does such a simple approach permit an adequate judgment about
priorities over time, among the modes of transport, or between trans-
port and investments in other fields. The absence of basic statistics,
however, is not only a cause of the backward status of much analysis
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', this ﬁeld ‘but  also’ an ‘effect: .because until; récently: economists:
have tiot focused on. tiie right questions, there. has been little incen-:
ﬁveforcollectingthenghtstatistiw. Dol e e T

Prchmmary Steps

“Before a speclﬁc transport project can propetly be evaluated, two
preliminary steps are highly desirable and usually essential in order
-to gradually reduce the consideration of altematives to the project.
The first step consists of a general economic survey of the country.
Such a survey has two major functions. The first is to establish the
countrys overall transportation needs by exploring, for example, the
rate' of economic growth and the resultant expansion in trafic. The
second is to provide a basis for appraising the transport needs as
against the requirements of other sectors of the economy. This is
not something that can be done very precisely, and it depends heavily
on qualitative judgments. It is interesting that several such surveys
have suggested that too much was being spent on transport invest-
ments. A recent survey of Colombia, for example, found that invest-
ments in education, housing and health deserved a greater priority
than the marginal investments in transport. Such surveys are also
needed to help decide whether by changes in the location of indus-
tries, the total demand for transport can be reduced, and at what
cost. The failure to make such surveys has led to transport invest-
ments, as well as recommendations for additional investments in
some countries, which are out of line with the total investment re-
sources of the country and with the priorities of other sectors.

The second step should be a detailed transportation survey of the
country in order to determine the priorities within that sector. Ex-
amples of this are transportation surveys made recently in Argentina,
Colombia, Ecuador and Taiwan under World Bank auspices. Such
surveys, if they are to be of maximum usefulness, should not only
establish the broad framework of priorities for each mode of trans-
port, such as the listing of highways in order of their importance,
but should also indicate the proper role for each mode and the pri-
orities among them. Such a transport program will be subject to

! Cases mentioned in this chapter are products of research by the World Bank,
much of it unpublished, Published material that is available is listed in the Bib-
liography.
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later. revision. when specific projects are analyzed in- detail. Unless
both 2 -general economic and a transportation survey precede the
evaluation of a specific project, there is a considerable risk that the
evaluation may be sufficiently incomplete as to lead to-a misalloca-
tion of resources. :

Problems of Project Evaluation

The basic purpose of the economic evaluation of a project is to
measure its economic costs and benefits in order to determine whether
its net benefits are at least as great as those obtainable from other
marginal investment opportunities in the particular country. There
are, of course, many costs and benefits other than economic ones,
such as the cultural opportunities from greater travel and the mili-
tary and administrative advantages, and sometimes disadvantages,
from greater mobility. These are not considered here because they
have been excluded by definition, and also because, for better or for
worse, they are not a main consideration for lending by most sources
of foreign finance whose primary purpose is to stimulate economic
development. Nevertheless, these other benefits and costs are quite
real and should be taken into account by the country involved.

- It is sometimes stated that the value of a project should be meas-
ured by its contribution to the growth of national income as con-
ventionally measured. This is not inconsistent with the above formu-
lation, but it is not a practical approach. For one, it would exclude
certain benefits altogether, such as greater comfort from an improved
highway, or the time saving used for more leisure, which would not
be reflected in national income. More important, the national income
approach is too complicated and indirect and in underdeveloped
countries is simply not possible. For example, if transport costs are
reduced, an analysis would have to be made on how the freed re-
sources are used in the future in other sectors of the economy to
determine the resultant increase in national income. However, the
national income approach is useful in focusing on costs and benefits
from the point of view of the economy as a whole and not merely of
the parties directly involved. In this way it helps in selecting the
benefits to be included and those to be omitted and in avoiding counting
the same benefit twice in different forms, such as when an improved
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highway reduces transport costs and increases land values. It s help-
ful in' identifying economic costs ‘and benefits, but not in measuring
"' In evaluating a project which consists of a number of separable
and independent subprojects, separate economic analyses should be
made of each subproject. Otherwise it is quite possible that the extra
large benefits of one subproject may hide the insufficient benefits
of another, For example, in the case of a port expansion project in
Central America, the engineers recommended the construction of
two new wharfs. The economic justification indicated an economic
rate of return on the investment of about 12 percent, which was a
satisfactory rate in the particular country. However, when separate
analyses were made for each wharf, it tumed out that the rate of
return on one was nearly 20 percent, while that on the other was
only about 4 percent even after allowance was made for the extra
costs of building it separately; the second wharf was clearly not
justified. The same principle applies especially to various degrees of
highway improvements and frequently also to different highway
sections,

* In order to measure economic benefits and costs and to compare
them with other investment opportunities, they must be expressed in
monetary terms, which is the only practical common denominator.
This presents a problem since market prices do not reflect real costs to
the extent that workable competition does not prevail in major sectors
of the economy. In addition to any generally applicable limitations
on competition in less developed countries, there are two special prob-
lems in the transport field. The first one arises from the fact that
some transportation services by their very nature are oligopolistic
or even monopolistic so that the prices charged for these services
frequently have no direct relation to costs. The most obvious ex-
ample is the historic pricing of railway services whereby freight
rates for particular commodities are not based on the costs of trans-
porting these commodities but on the value of the commodity. A
second related problem arises from the direct and indirect subsidizatiori
of many transportation services by governments. A generally applic-
able example is the provision of highways. In most developing coun-
tries gasoline taxes and other charges on the beneficiaries do not
cover the costs of highways (including maintenance, depreciation, inter-
est, and administration); even where they may cover overall costs, there
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is usually no. direct relation between specific user charges and the dif-
fering costs of the ‘various: transport services, such as:those of trucks,
buses and passenger cars. Co . :

In spite of these difficulties, monetary terms are the only practical
common denominator, and they can be made substantially more use-
ful by the use of “shadow prices” to reflect real economic costs and
benefits more closely.

Measuring Economic Costs

Measuring the economic costs of a project is substantially simpler
than measuring its economic benefits and can usually be limited to
making adjustments in the actual expenses to the extent that they
do not adequately reflect real economic costs. Three classes of costs for
which such adjustments are usually necessary, i.e., for which “shadow
prices” must be determined are discussed below.

The Use of Shadow Prices

The first example is sales and other indirect taxes. The tax on
gasoline, for example, is a cost to those who pay the tax, but it does
‘not necessarily reflect economic costs to the country as a whole in
the sense that an increase in the tax does not mean that more eco-
nomic resources are required to produce a given volume of gasoline,
It is interesting that the famous report Road User Benefit Analyses
for Highway Improvements by the American Association of State
Highway Officials erroneously includes taxes in its measurement of
fuel costs. and thus fails to distinguish between private and public
costs (and benefits).2 Similarly, license fees and import duties should
be excluded, and adjustments should be made for the costs of im-
ports at artificial exchange rates including a subsidy.

A second example is wages. In most countries minimum wage
laws and other regulations and inflexibilities have the result that some
wages actually paid do not correctly measure the real costs of labor.
Where an economy is marked by extensive unemploynient or under-
employment, the real costs of the type of labor involved are much

? Washington, D.C., 1960, Reprint of 1952 report without basic change except
for use of 1959 unit costs,



178 ECONOMIC EVALUATION OF TRANSPORT PROJECTS

léss than actual wage rates. When this is a widely prevailing condi-
tion and is likely to remain so for some time, as in many less de-
veloped countries, the cost of labor, especially unskilled labor, should
be calculated at substantially less than actual wage payments. On
the other hand, it would also appear that the real costs of skilled
labor may be greater than the wages paid. The same considerations
are also applicable on the benefit side. In measuring the benefits of
labor-saving equipment, the real benefit is substantially less if the
replaced labor remains unemployed for a significant period during
the economic life of the equipment.

A final example is interest. Interest actually paid is the financial
cost of capital, which frequently has no relation to its economic cost,
i.e, the opportunity cost of capital. Investment funds provided by gov-
ernments for transportation are often made available at rates below
the cost to the government; and even if they cover the government’s
costs, the latter do not reflect economic costs if the funds were obtained
by the government under direct or indirect compulsion, such as by
taxation or by requiring banks to lend to the government below mar-
ket rates. Funds obtained from foreign sources very frequently carry
interest rates substantially below the opportunity cost of capital in less
developed countries.

The economic cost of capital is very difficult to determine in the
absence of free markets, especially since prevailing interest rates also
reflect such factors as inflation and risk. The World Bank has made a
number of studies attempting to measure the opportunity cost of
capital in selected countries. While they do not permit any definitive
judgments, they do indicate a range from about 6 to 12 percent for
the particular countries selected, and there is reason to believe that
in most developing countries the rate is at least 8 percent and fre-
quently more than 10 percent. Whether market interest rates or a
lower (or perhaps higher) social rate should be used in discounting
costs and benefits is beyond the scope of this article. As a practical
matter, however, investments in less developed countries with rates
of return below 8 percent deserve very special scrutiny.

The problem of the appropriate interest rate can be minimized
somewhat in the evaluation of many projects by expressing the re-
sults in terms of an internal rate of return on the investment, rather
than in terms of benefit-cost ratio. This is discussed further below
in the final section.
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Other Types of Adjustments

In addition to the use of shadow prices, there are other types of
adjustments which are frequently necessary for an economic evalu-
ation, The three examples given below are selected primarily be-
cause they illustrate mistakes which occur frequently.

In calculating the costs of a project, engineers usually include a
contingency for unforeseen expenses. These are of two types. First,
costs may be greater than anticipated because the work turns out
to be more difficult or more extensive; for example, more earth may
have to be moved or the soil conditions may be less favorable than
indicated by the sample data on which the cost estimate was based.
In another case, costs may be greater because generally prevailing
inflationary conditions increase wages and prices. For the purpose of
economic analysis, this second element of the contingency allowance
should not be included under costs, nor should a general inflation in
the prices of benefits be taken into account. However, changes in
relative prices should be allowed for to the extent that they are fore-
seeable and are likely to affect costs and benefits differently.

A second common error involves the treatment of interest during
the construction period. Such interest is usually included in the costs
of those projects which are financed by loans, such as new equipment
for a railroad or the construction of a toll road, but it is frequently
excluded where the project is financed by grants from general revenues,
as in the case of most highways. This important financial distinction
has no significance as far as the economic costs of the project are
concerned since the real resources used—labor, material, equipment,
etc.—are the same regardless of the source of financing. Money is
the means of procuring these real economic resources, so that in-
terest should not be included in the economic costs of the project..

However, interest is relevant in a quite different sense. Since the
benefits of a project do not begin until sometime after the project
has been started and costs have been incurred, it becomes necessary
to compare costs and benefits beginning in different years and hav-
ing different time streams. Regardless of the financing method, the
timing of costs is an important element since a cost incurred this
year has a different economic value than the same cost incurred some-
time in the future. To measure the difference, future costs can be
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expressed in terms of present values by discounting them at an ap-
propriate interest rate. The proper method of comparing benefits and
* costs with different time streams is, therefore, to discount all future
costs and benefits as of the time a cost is first incurred. Under this
method, interest (as well as depreciation) is implicitly allowed for,
so that adding interest to the costs would involve double counting.

An alternative method which is sometimes used includes interest
during construction and discounts benefits as of the first year they
begin, which is generally sometime after the first costs are incurred.
This tends to confuse the financial with the economic analysis since
usually the interest included in costs is the interest actually paid.
In most cases, this has no direct relation either to the opportunity
cost of capital or the internal rate of return by which the benefits
should be discounted, so that, in effect, the costs are discounted by
a rate different from that used for benefite. It should also be noted
that this method actuvally overstates costs where benefits begin be-
fore the project is completed, which occurs quite frequently in high-
way construction. There seems to be no particular advantage to
discounting costs and benefits to a year other than the year in which
the project starts, which is nearly always the first year in which costs
are incurred.

A third mistake, which only deserves mention because it occurs
quite often, arises from the failure to define properly the scope of
the project with the result that project costs do not include all rele-
vant costs. For example, a toll road authority in a developing country
included in the costs of a new road only the expenses for which it
would be responsible. This, however, failed to take into account the
necessity for improving access roads. Since the improvement of ac-
cess roads was essential for the effective utilization of the toll road,
the costs involved should have been included in the project costs
for the purpose of economic evaluation, even though they could
properly be excluded for an analysis of the authority's financial posi-
tion. In this particular instance it was probable that the access roads
would have been improved in time in any case. Therefore, it became
necessary to establish the additional costs of making the improvements
earlier than would otherwise have been the case and of the higher
design standards needed for the greater volume of traffic caused by
the toll road.
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Measuring Economic Benefits

Measuring the economic benefits of transport projects is usually
much more difficult than measuring their economic costs, There are
a number of reasons for this, First, some benefits, even though quite
direct—such as the increased comfort and convenience from an im-
proved road—are difficult to express in monetary terms since there
are usually no market prices for such benefits. Second, monetary bene-
fits, such as reduced transport costs, benefit a great number of people
over a long period of time, requiring difficult long-range forecasts.
Third, many benefits are indirect, such as the stimulation to the
economy from improved transportation; and for these benefits to
materialize, investments in fields other than transport are frequently
necessary.

The most important benefits from transport projects include: (I)
reduced operating expenses initially to the users of the new facility
and also usually to those who continue to use the existing facilities;
(2) lower maintenance costs; (3) fewer accidents; (4) savings in time
for both passengers and freight; (5) increased comfort and conven-
fence; and (6) stimulation of economic development. Not all of these
benefits exist in all projects, and their respective importance differs from
project to project. At the present state of the art of project evaluation,
those listed near the beginning can frequently be measured in monetary
terms more easily than the others. This article will not deal with the
measurement of maintenance costs and of comfort and convenience.
The former offers probably the least difficult conceptual problems, and
the latter would seem to have a relatively low social value in developing
countries, even though to judge by differences between first- and sec-
ond-class railway service, it has a considerable private value.

Before discussing the problems of measuring the remaining bene-
fits, it may be useful to refer to a matter which is rarely considered
in their evaluation, i.e. the distribution of benefits among the bene-
ficiaries. For example, if the improvement of a port reduces the turn-
around time of ships, much of the benefit might go initially to foreign
ship owners; the degree to which they pass it on to the country pay-
ing for the investment depends largely on the degrce of competition
in shipping, Similarly, the improvement of a scenic highway may
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" initially benefit foreign tourists primarily or those from other areas of

_the country. A government could, of course, adopt a policy of re-
couping some or most of these benefits by appropriate user charges.
The matter of the distribution of benefits is important therefore in
the selection of a policy of user charges which will channel the bene-
fits to the desired recipients.

Perhaps even more important is the fact that the distribution of
benefits affects their overall sive. For example, if a railway main-
tains previously existing freight rates even though a transport im-
provement has lowered costs, the consumers would not benefit di-
rectly, but the railway might have higher profits; a determination
of the net benefits to the economy vould depend on weighing what
the railway would do with its higher profits (or the government with
its “savings” from reduced losses) as against the benefits from lower
freight rates. An important consideration is that if the rates are not
lowered, the transport improvement would hardly stimulate new
trafic. Where there is reason to believe that the likely distribution
of benefits either reduces their overall size or is inconsistent with
other public policies, the problem deserves greater attention than it
now usually receives, with special emphasis on appropriate user
charges.

Reduced Operating Expenses

" The most direct benefit from a new or improved transport facility,
and frequently also the most important one and the one most easily
measurable in monetary terms, is the reduction of transport costs.
While this benefit accrues initially to the users of the facility, com-
petition or the desire to maximize profits leads them to share it in
various degrees with other groups, such as producers, shippers and
consumers. The cost reduction therefore benefits the nation as a
whole and not merely the users of the facility.

Traffic Growth

. 'The first step in measuring the benefit from reduced costs is to
eitimate the future use of the facility, ie. the future traffic during its
wieful life® This traffic can be broken down into three main types:

* The useful life of a facility is limited primarily by economic change and tech-
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the “normal,” the “diverted” and the “generated” traffic. The “normal”
traffic growth is that which would have taken place on the existing
facilities in any case, even without the new investment. This type
of traffic benefits by the full reduction in operating costs made possi-
ble by the new facility, since, by definition, this traffic would other-
wise have traveled even at the higher (and perhaps steadily increas-
ing) costs of the existing facility.

The proper standard for measuring the savings in vehicle operating
costs is provided by the “with and without” test: what will the costs
be with the new facility and what would they have been without it?
In numerous project evaluations, however, a quite different standard
is mistakenly applied~the “before and after” test: what were the
costs before the new facility was constructed and what will they be
afterwards? As shown below, this test usually leads to a serious un-
derestimate of economic benefts,

For example, in connection with the evaluation of a new express-
way in Japan, the responsible authorities measured the operating
costs of a truck on the existing highway in 1958; they were about
U. 5. 15 cents equivalent per kilometer, excluding taxes. The costs on
the new expressway, which is scheduled to be opened in 1969, were
estimated at 11 cents, or a saving of 4 cents per truck/kilometer.
This saving was then applied to the estimated truck traffic for the
years 1969 to 1979; no increase in traffic was assumed thereafter be-
cause the so-called design capacity of the expressway would then be
reached and vehicle operating costs would thereafter begin to in-
crease. This approach, which is based on the “before and after” test,
illustrates a number of common mistakes, The first is that the com-
parison of costs on the existing highway in 1958 with those on the
Dew expressway in 1969 fails to take into account the important fact
that the increasing congestion on the existing highway will have in-
creased operating expenses considerably by 1969 over those pre-
vailing in 1958, Secondly, the operating costs on the existing highway
would have continued to increase after 1969, while those on the new
expressway are likely to remain relatively stable for 10 years and the

nical obsolescence, such as new or improved processes and changes in markets,
These are much less predictable than the facility’s physical life. While forecasts
of service life are therefore to some extent inevitably speculative, the discounting
of far-off periods makes these relatively unimportant. In many cases, for example,
it will make little difference whether the life of a highway is taken at 25 or 30
years,
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increase thereafter is likely to be less sharp, than oy thé’é'éxiétingehigh'v
way. The situation is illustrated by Figure IX-L. - '
Ficure IX—1 ' ' .

Costs per
14 chicl’:/Km

1958 1969 1979
Volume of traffic

XY represents the truck operating costs on the existing highway, as-
suming the expressway is not built, It slopes upward in time because
of increasing congestion. By the time the expressway is opened in
1069, they have already increased somewhat over the 1958 level.
The reduction in operating costs per truck, according to the “before
and after” test is BC throughout the life of the new investment and
the benefits (until 1979) are represented by the shaded area BCDE.
Actually, the reduction is AC when the facility is opened in 1969,
DF by 1979, and the benefits are at least ACDF. Also, it is question-
able whether no increase in traffic should be assumed after 1979.
The concept of highway capacity is hardly a scientific one and the
traffic on the existing highway is more than double the design capac-
ity. The real issue is at what point new investment is justified in order
to increase capacity further. Since such investment is likely to be
lumpy, the decision involves weighing the costs of increased con-
gestion on the existing highway as against the net benefits of additional
capacity. Depending on the lumpiness of the investment, traffic in-
creases substantially beyond design capacity may be justified before
expanding the capacity further.

It is sometimes stated that when the increasing costs of growing
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congestion‘are properly taken into account, i.e. the difference between
the CG.and the AY curves, the growth in vehicle operating savings
tends: to be twice as great as the growth in traffic. While such gen-
eralizations have to be treated carefully, a few actual cases indicate
that it may sometimes serve as a rough approximation. For example,
a study of a road improvement in Jamaica indicated that it would
reduce operating costs by about £40,000 in 1963, If this benefit is
increased by the estimated annual traffic growth of 12 percent, it
would reach £70,000 in 1968 and £120,000 in 1973. If, however, the
increasing costs of further congestion are allowed for, the benefit
would be £90,000 in 1968 and £250,000 in 1973. The difference
would become even greater in the following years.

The application of the erroneous “before and after” test can lead
to curious results. In connection with a proposed highway improve-
ment in Syria, investigation showed vehicle operating costs on the
existing highway to be quite reasonable; it had a fair surface and a
satisfactory width, Unfortunately, the highway was not constructed
to carry the prevailing heavy loads, and engineers advised that it
would break up in about two years and that (even with heavy mainte-
nance expenditures) a complete reconstruction would be necessary.
However, vehicle operating costs would not be significantly lower
thereafter. The “before and after” test indicated that the reconstruc-
tion would bring only modest benefits and would not be justified, at
least not at that time. The “with and without” test, however, in-
dicated that without the new investment, vehicle operating costs
would go up very sharply, to say nothing of maintenance costs; the
avoidance of this increase should in this case have been the proper
basis for the economic evaluation of the benefits.

The above examples have been limited to highways, but thc analy-
sis is in principle identical for railways or ports. For example, in 1963
the Spanish Railway developed a 10-year modernization and expan-
sion program estimated to cost about U.S. $1 billion equivalent. In
addition to evaluating the benefits from individual components of
the program, it was alsc desired to measure the return on the pro-
gram as a whole. Analysis showed that the program would reduce
operating costs by about 25 percent between 1963 and 1973. When
this benefit was measured against the investment costs of the modern-
ization part of the program, it showed an internal rate of return of
about 15 percent. This “before and after” approach, however, under-
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stated: the"benéfits significantly since.in-the ‘absence of the new in-
vestments, | operating costs ‘would ‘not have remained at the 1963
level, but would have increased. When allowance was made for this,
the ‘rate of return on the investment became about 18 percent.
-+The ‘second type of traffic is that which is diverted to the new
facility ‘either from other modes of transport or from other routes.*
The benefit for diverted traffic is measured by the difference in trans-
port ‘costs on the old route or mode of transport and on the new
facility. There are, however, two special problems which should be
kept in mind in measuring this benefit. The first one is that the rele-
vant costs in this connection are not the average costs of transport, on
both facilities, but the avoidable costs, i.e. the amounts that would
be saved. If, for example, traffic is diverted from a railway to a new
iighway, the benefits cannot be measured by comparing the transport
s05ts on the new road with either railway charges or even average
:ailway costs, but by comparing them with the marginal costs of
sarrying the diverted traffic by railway. If, for example, the diverted
raffic is only a small part of the railway’s total traffic and if the railway
1as:excess capacity, the marginal savings would be substant. iiy less
han indicated by a comparison of average costs; this is probabiy the
1sual case. While the available data in most developing countries
lo not permit precise estimates of marginal costs, the understanding
of the correct concepts is essential for making the best use of the data
vhich are available.

Comparing costs of different transport modes presents a further
sractical problem in that the transport services provided by each mode
isually differ substantially and must therefore be reduced to a com-
non denominator, Total distribution costs are the primary concern,
10t just the cost of shipment, For example, comparing the costs of
oastal shipping traffic diverted to a highway must take into account
1ot merely shipping costs, but also such additional costs as Joading
nd unloading, storage, insurance, breakage, delays, etc. These addi-
ional costs may readily add 50 percent to the basic shipping costs.

"¢ Another type of diverted traffic consists of a change from one type of con-
eyance to another on the same route, such as passenger trips previously made by
us’but now made by private car, In this case, the higher relative operating
osts-of a private car are cvidently outweighed by its qualitative advantages,
specially the greater convenience and comfort; it is usually not possible to meas-
re this difference in monetary tenns,
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Similarly, in comparing the costs of railway and highway transport,
adequate allowance must be made for the fact that trucking is a door-
to-door service, while railway service will generally require two load-
ings -and unloadings, which, in addition to the direct costs, frequently
involves delays and breakage.

While the benefits to the economy are measured by the reduction
of social costs (e.g. excluding taxes), it is not the social but the pri-
vate costs which are relevant in estimating the amount of traffic di-
version. In fact, since many people make decisions on driving largely
on the basis of out-of-pocket costs, it is the difference between these
and railway rates actually charged (regardless of cost) which will
largely decide the amount of passenger traffic which will divert from
a railway to a highway.

The third type of traffic is that which is newly generated as a re-
sult of the lowering of transport costs and which previously did not
exist at all. This includes traffic both from increases in industrial or
agricultural production caused by the cheaper tr.nsport as well as
transport not involving an increase in production, such as the trans-
port of commodities previously sold locally but now transported to
markets where a better price can be obtained.

As far as reductions in transport costs are concerned, it would not
be appropriate to apply the total reduction in unit operating costs to
this traffic since it would not have materialized without the reduction.
If there is reason to believe that in a particular situation the traffic
would have been generated with a transport cost reduction of only
a quarter the actual reduction, it would be appropriate to npply three-
quarters of the unit cost reduction to the generated traffic. In the
meay situations where the available data do not permit a judgment
on the relationship between the degree of transport cost reduction
and the volume of generated traffic, perhaps the most reasonable as-
sumption is that this traffic would have developed in proportion to
the reduction in transport costs; if so, it would be appropriate to apply
approximately one half of the unit cost reductions to this traffic.

To the extent that the main purpose of a new transport facility is to
open up new lands for cultivation or to otherwise make possible new
economic development, reductions in transport costs for generated
traffic are not a significant measure of the economic benefits of the
project. In this situation, the benefit consists of the new production
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possible;: thi problems iof ‘measuring this; benefit are discussed

+
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.- Accident reduction is clearly an economic benefit, but not every
transport improvement reduces accidents; whether it does or not must
be investigated in each case. For example, it is- quite possible that
an improved highway may initially increase not only the number of
accidents, -but, more importantly, the accident rate per vehicle/km
and the severity of each accident. This could happen where the in-
creased speed is not offset by additional safety factors, especially in
a country where automobile driving is still in its initial stages and the
discipline required for safe driving is equally underdeveloped. Acci-
dent reduction is apparently most significant. for expressways with
divided lanes and controlled access.

Measuring the economic benefits involves two main steps. The first
is to estimate the reduction in accidents, which entails, for example,
comparing the accident rate on the existing highway as it would be in
the absence of the improvement with the rate on higher standard high-
ways within the country or, if necessary, in other countries (but making
allowance for national differences).

The second step is to estimate the value of the accident reduction.
For this purpose, it is useful to consider three types of damages. The
one most readily measurable in monetary terms is property damage,
usually to the cars involved in the accident. Police statistics in Japan,
for example, indicate that the average property damage per accident
is about U.S. $600 equivalent; this may not be an unreasonable figure
—though it should be adjusted for excise taxes, for example—since
about two-thirds of the traffic is accounted for by trucks and buses,
with a relatively low average age. The cost of injuries is more diffi-
cult to measure, In the Japanese studies this was estimated at about
US. $100 equivalent per accident, which includes an allowance for
both loss of earnings and the cost of medical treatment for the in-
jured who were over 14 years of age.

Finally, to measure fatality reduction, there is the problem of put-
ting-a value on life. In the Japanese case, this was calculated by
capitalizing the average annual income per worker over a 30 year
period. This is obviously a highly controversial proposition. At a mini-
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mum there' should be deducted from gross income the resources
needed to produce that income. It would be too callous to suggest that
if a country is overpopulated, the social and the private values of the
fatality reduction would be quite different. On balance, it would seem
preferable not to express fatality reduction in monetary terms." In .
any case accident reduction in the less developed countries is likely
to be of minor significance compared to other benefits, and the reduc-
tion of fatalities is only a small part of accident reduction. Fatalities
can either be neglected in most cases or simply expressed in terms
of the number of deaths involved,

Time Savings

Even though most transport improvements reduce travel time, the
value of time for passengers and freight is frequently omitted from
project evaluations. This may lead to a serious underestimate of bene-
fits since time savings can be substantial,

As far as persons are concerned, time can be money, but it need
not be. Whether it is, depends primarily on how the opportunities
made possible by the increased availability of time are used—whether
for increased production or voluntary leisure, on the one hand, or
for involuntary idleness, on the other. Unfortunately, in many de-
veloping countries there is extensive underemployment, so that time
savings may merely make the situation worse. But even here, time
savings for entrepreneurs, for example, may be very valuable,

What can be done to measure the value of time may be illustrated
by a recent study in Japan, where a new expressway was to reduce
travel time very substantially. All travelers were divided into two
classes: the relatively few who can afford to travel in private cars,
and the many who travel in buses. As a first step, the average value
of time was related to the per capita income of the two classes, This
showed that in one hour, travelers in cars could earn at least U.S. $1
equivalent, while those in buses at least U.S. 20 cents. Since there are
ample employment opportunities in Japan, this calculation was not
unreasonable.

However, to check on its validity, these average values were com-

* However, if the purpose of a project is to reduce accidents, such as safety
measures in the aviation field, for example, it becomes quite essential to express
fatality reduction in monetary terms,
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-pared with the amounts people are. actually willing to pay for time.
“For. this purpose, a study was made of surcharges imposed by the
railway for different types of trains running between the same
cities: On the Tokaido line, for example, travelers have a very ample
choice. between different trains, ranging from slow, local trains to
very fast expresses. While between some of these trains speed is not
the only difference, convenience and comfort being others, it is the
most important one and between at least two of them it is probably
the only difference. An analysis of these surcharges indicates that
travelers are willing to pay at least U.S. $2 equivalent in first class
and U.S. $1 equivalent in second per hour saved. These findings and
those based on the earnings method give a clear indication of the
range of values that might be given to time savings of passengers.
They. suggest that in Japan, at least, many individuals prefer to take
these time savings in the form of leisure even if they could devote
them to income producing activities. This is probably not true in most
underdeveloped countries. In any case, since the time savings will
presumably exist for the life of the project, allowance should be made
for the increasing value of time as per capita income grows.®

- Time saved on the shipment of freight may well be more valuable
in the less developed countries than those already more advanced.
Freight tied up during transit is in fact capital, and is therefore of
particular importance where capital is in short supply. This saving
can be measured by the price of capital; ie. the rate of interest. In
addition, faster delivery which is usually accompanied by more reliable
delivery reduces spoilage and makes possible lower inventories, which
in turn is an additional form of capital saving, Beyond this, where larger
inventories are not possible, a delay may immobilize other resources,
as where the absence of a spare part may prevent the utilization of
expensive equipment.

‘As in the case of time savings for travelers, a study was made in
Japan on the prices shippers are willing to pay for different types of
transport services, where time is by far the major and in some cases
perhaps the only difference. The study covered a dozen important

__*Time savings for truck and bus drivers are generally allowed for under cal-
culations of v ehicle operating savings.



HANS A. ADLER 189

commodities: and indicated, for example, the following prices actually
paid for a saving of orie ton/hour (in US: cents); ~ - *

Dairy products ' 35
" Fresh fish 21
Vegetables 20
Fruit 14
Minerals 1

‘The relative importance of time savings as against other benefits
depends of course on the nature of the particular project. That it can
be very significant is indicated by the project for which the above
studies were made. In this case, the value of time savings was nearly
half as great as the benefits from lower vehicle operating costs.”

Economic Development

It is frequently assumed that all transport improvements stimulate
economic development. The sad truth is that some do, some do not,
and that even some of those that do may not be economically justified
in the sense that there may be better investment opportunities. Each
project must therefore be investigated individually and no helpful
generalizations appear possible until more research may show that
certain definite correlations do exist.

Before any transport improvement can be said to have stimulated
economic development at all, a number of conditions must be met.
The most important is showing that the economic development would
not have taken place in any case even without the transport improve-
ment. A second is that the resources used in the new development
would otherwise have remained unused or used less productively.
Finally, it is essential that the economic activity stimulated does not
replace activity which otherwise would have taken place.

These conditions may be obvious, but it is surprising how often they
are forgotten in practice. In the sophisticated Japanese studies previ-
ously referred to, extensive research was undertaken to measure the
growth in industrial output in the area of influence of a new highway,
and there were strong reasons to believe that the highway and the
output were indeed causally related. While this was very useful from
2 local point of view, it had much less significance for the economy as
a whole. Further inquiry indicated that most of the resources used

' The time saving for the vehicles is usually covered in the lower depreciation
allowance made in vehicle operating costs.
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. in' the New, production would not otherwise have remained unem-

f-ployed and ‘that the firms responsible for the new output had planned
to expand in any case and picked a location near the new highway
because of its advantages. From a national point of view, therefore,
the highway cannot be regarded as having contributed significantly to
stimulating new economic development. This is not to say that the
locational shifts caused by the highway involved no economic benefits
other than lower transport costs; they may have facilitated more effi-
cient production, but this benefit can only be a fraction of the total
net output.

Where a transport facility does lead to increased output and the
above conditions are met, the net value of this additional output is the
proper measure of the economic benefit.® In many situations, however,
the transport facility is not the only new investment needed to achieve
the increased production. This raises the problem of allocating the
benefit, ie. the increased production, among the transport and the
other investments. For this there exists no correct theoretical answer
but there are at least three practical approaches. One would be not
to make an allocation at all and relate the total benefits to the total
investments. A second would be to annualize the other investment
costs and deduct them from the benefits. And a third would be to
allocate the benefits in the same ratio as the transport investment has
to the other needed investments.

Each of these solutions is appropriate in different situations. For
example, in the actual case of new coal mining in Sarawak, it was
necessary to build a road to transport the coal from the mine to a port.
The estimates indicated that the coal would account for more than 90
percent of the total traffic using the new road. The road was an inte-
gral part of the coal mining scheme—just as integral as the mining
equipment—and had virtually no other use. In this case an allocation
of benefits between the road and the investments in the mine would be
meaningless. On the other hand, where a road is being built to facili-
tate new agricultural as well as industrial development which, how-
ever, will also require other major investments, an allocation of bene-
fits might be more useful.

Where the transport facility enlarges the market for commodities
previously produced, the economic benefit consists of the difference in

* The net value of output and the vehicle operating savings for generated traffic
are, of course, not additive,
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value of the commodity in the old and the new market, minus the new
costs of transport. For example, the price of a commodity in the old
market may be 10 cents; in a second market it is 20 cents, but because
transport costs are 12 cents, shipment to this market is uneconomic.
Assuming a transport improvement that cuts transport costs in half,
to 6 cents, the commodity can be delivered to the second market for 16
cents and there be sold for 20 cents. The benefit from the new invest-
ment (assuming resources before and after the change are fully em-
ployed) would be 4 cents. Account must be taken of the fact that the
increased supply may affect prices in both markets; if so, the benefit
is usually valued at prices prevailing after the transport improvement
is completed.?

What can be done in practice to measure the net value of increased
production or of wider markets differs from case to case. For example,
in the Sarawak illustration given above, detailed studies were made
by various experts of the supply of coal, the costs of production and
transport, and probable market prices. The problems are usually much
more difficult for agricultural development because its success depends
on the willingness and ability of a large number of people and the
development potential of large areas. In the Sarawak case, the likely
agricultural output as a result of the highway could be estimated
within a satisfactory margin of error since only two commodities were
involved and experience from previous transport improvements on
land with a similar agricultural potential could serve as a reasonable
guide on probable future output and the other investments needed to
achieve it.

This is an area where only very little research has so far been done.
But it is clear that if the main purpose of a transport facility is to stim-
ulate economic development, greater efforts must be made to measure
this benefit—efforts similar to those now made for an irrigation scheme,
for example. And if the economic development can be achieved only
if the transport improvement is supplemented by such measures as
other investments, extension service to farmers, land reform, ete., then
these other measures become an essential condition of the project.
This, too, has been recognized in the field of irrigation, but unfor-
tunately not yet fully in transport.

* For passenger traffic, this benefit, i, the difference between staying at home
and traveling, minus the transport costs, can usually not be measured in mone-
tary terms,
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Uomparing: Costs and Benetits

+:Once costs and benefits have been measured in monetary terms to
the full extent meaningful, the results can be put into at least three
different forms: the rate of return on the investment, the benefit-cost
ratio, or the pay-back period. A great deal has been written about these
alternatives, so that the discussion here is limited to a few salient
points, :

There is unfortunately no uniformity in the application of these
forms. In some benefit-cost ratios, for example, gross costs are com-
pared with gross benefits, while in others, some costs are first deducted
from the benefits; this can affect the ratio very substantially. Some-
times—and more correctly—it is the difference between benefits and
costs which is used. In the case of rate of return calculations, the
benefits are sometimes measured against the investment costs (with or
without allowance for depreciation), or sometimes by the internal rate
of return. It is essential to know exactly what formula is used if the
final result is to be correctly interpreted.

While the basic ingredients—the value of the costs and benefits—are
the same regardless of the final form in which they are expressed, the
usefulness of the various forms is different, depending on the purpose.
A short pay-back period is important where the future is unusually
uncertain, where better investment opportunities are likely to arise
soon, or where funds are not available on a long-term basis. These con-
siderations are much more important for private businesses than for
governments. Also, the fact that the benefits of an investment are large
in the beginning may give no indication of what they are over the
life of the investment, so that this method is a particularly poor one
for comparing investments having a different time stream of benefits.
Furthermore, there are superior techniques for incorporating uncer-
tainty into investment analysis.

Discounting benefits and costs by the opportunity cost of capital is
theoretically the best way of comparing different projects. The most
important disadvantage of this approach is that a particular interest
rate must be chosen for discounting, In practice, the interest rate
mistakenly selected is frequently the one being paid, which may or
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may not have any relation to the opportunity cost of capital in the
country, Unfortunately, the opportunity cost of capital is frequently
not known or can be estimated only with a considerable margin of
error. This is particularly crucial since the discount rate chosen is one
of the major determinants of the benefit-cost comparison,

This disadvantage can be minimized somewhat by expressing bene-
fits and costs in terms of the internal rate of return on the investment,
Le. the rate which equalizes discounted costs and benefts, In this
case, the opportunity cost of capital becomes important only in the
marginal cases where the internal rate of return is not clearly above
or below the area within which the opportunity cost of capital may be
estimated to be. For example, it would be virtually certain that an
investment in Japan with a rate of return of 12 percent is justified,
since the opportunity cost of capital is less, probably between 6 and
10. But even where the two rates may be relatively close, the internal
rate of return formula has the advantage of focusing directly on the
crucial question: how the particular investment compares with other
investment opportunities. The benefit-cost ratio tends to hide this
crucial point in assuming a certain interest rate.

On the other hand, the internal rate of return formula also has its
disadvantages. While, as a practical matter, it usually leads to a cor-
rect choice of projects, it may sometimes be misleading in comparing
projects having different lives and different time streams of benefits,
In practice, however, transportation nearly always involves long-term
investments and the time streams of benefits do not tend to vary
drastically. Even where they do, the margin of error involved in an
internal rate of return calculation may be less than discounting by the
opportunity cost of eapital, which is usually known only within a wide
range. Also, where a project is compared not with a direct alternative
but with investment opportunities in general, the internal rate is gen-
erally a perfectly satisfactory formula.

Another disadvantage of the internal rate of return is that the
answer may be ambiguous in that more than one rate may equalize
costs and benefits. In practice this is rare in the case of transport
projects since the costs are predominantly incurred in the early stages
and the benefits arise later, in which case the solution would be
unique.

Finally, the rate of return formula has the practical advantage that
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economists, financial experts, and many businessmen: have some con-
cept.of what an interest rate is, so that a rate of return is probably
more meaningful to many audiences than a benefit-cost ratio, On bal-
ance, therefore, the internal rate of return on the investment is usually,
but not invariably, the most satisfactory form in which to express
benefits and costs of transportation projects in the less developed
countries. '
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Pricing Transport Services

JAMES R. NELSON°®

. . . It should be noted at the outset that in raising the problem of an
optimum transport policy we are perforce becoming engaged on the
terrain of normative considerations. It is not what is, but what ought
to be, that is fundamental. If we wish to avoid a series of unproductive
discussions, we must clearly determine the norms we are setting for
ourselves, Indeed, in the absence of agreement on normative prin-
ciples, any discussion directed toward rules of behavior ultimately
based on these principles can, at best, only lead to a prudent com-
promise but never to a truly satisfactory solution.?

Tms ESSAY BEGINS with a brief exposition of the
“classic” normative prescriptions for transport pricing. It continues
with a critique of these prescriptions from the standpoint of the the-
oretical and institutional environment in which they arose: the theory
of comparative statics, within the framewo.k of micro-economic anal-
ysis, in relatively developed economies. It then proceeds to examine
what might be the consequences of relaxing these traditional features
of transport analysis. Then, in the rest of the discussion (1) compara-
tive statics is supplemented by certain dynamic aspects of transport
problems; (2) micro-analysis is pursued beyond the usual enclosure in
order to investigate possible interactions between the transport sector
and the economy as a whole; and (3) the special institutional structure
of developed economies, with full-fledged railroad systems often work-
® Amherst College.
1C, ]. Oott, La Théorle Marginaliste et les Prix de Transport (Fondation
Verkeerswetenschappelyk Centrum, 1960), pp. 9-10; also published in German

as Der Marginalismus als Basis der Preisbildung in der Verkehrswirtschaft
(Stichting Verkeerswetenschappelyk Centrum, 1961). My translation.
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’ing below short-run capacity, as well as elaborate hlghway systems :
~and possibly even articulated inland waterways, are put to one side
‘so that we may examine the economic implications of transport net-
~works which are initia]ly less extensive and possibly not as ‘thoroughly
”coordinated

;,Trénépbrt Investment and Pricing;
",}Cl,?ssi'c Comparative Statics

. The:xelationship between economic theory and normative prescrip-

tions for transport has been reciprocal during the historical develop-
ment of both, The theory of demand and consumer surplus was to a
considerable extent the product of analyses of transport economics as
well as a tool developed for investigation of these special problems.
Jules Dupuit was a pioneer in developing most aspects of modern
normative prescriptions, although he did not foreshadow Pareto’s gen-
eral equilibrium analysis. He was also a pioneer in developing the con-
cept of the demand curve and the related concept of consumer surplus
as the area below the curve and above the price, or prices, charged
consumers,’

. More specifically, he both originated the doctrine of marginal cost
pricing of transport services and, long after his death, was cited as one
of the progenitors of the modern controversy that is centered on the
subject of marginal cost pricing. An explanation of the controversy
will serve to explain the doctrine as well.

Dupuit’s position with respect to a proper base for investment policy
was that:

1. A new investment should be undertaken—in, say, a bridge—if the

** Dupuit’s first major article, which was originally published in 1844 in the
Annales des Ponts et Chausées (Mémoires et documents . . . Second Series,
Vol. 8, pp. 332-375), appeared in 1952 in an English translation under the title
“On the Measursment of Utility of Public Works,” in International Economic
Papers, No. 2, pp. 83-110. This article has been republished as the first of 2
gerles of Dupuit's articles which appeared under the general title De TUtilité
et de sa Mesure, edited by Mario de Bemardi (La Riforma Sociale, 1933).

The modern vogue of Dupuit in English-speaking countries may be dated
from the appearance of Harold Hotelling’s “The General Welfare in Relation to
Problems of Taxation and of Railway and Utility Rates,” Econometrica, Vol. 6
(1938), pp. 242-269.
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summation . ofthe ‘maximim amounts. that each potential user would
‘pay-forieach use of the bridge yields an amount of money in excess of
the “cost-of maintenance and inteest on the capital expended in con-
struction” of the bridge.? o :
72 “To the extent that the toll increases, the utility of the bridge
diminishes.™ This is true because of the “loss of the utility derived
from the . . . passages of the bridge which would have taken place
without the toll.” This is the familiar “dead loss” of English-spealng
economists: to the extent that demand curves depart fron: the vertical,
any increase in the price of the product will induce consumers to
forego some consumption (and thereby whatever net. utility this con-
sumption previously had for them) without contributing to the revenue
of the seller.

Dupuit himself used his second argument as a step toward conclu-
sions about price structure. Asking rhetorically whether the inverse
relationship of bridge utility to the height of the toll meant “that tolls
must be very low, or even that there should be none at all?” He went
on:.

~ This will not be our conclusion, when we occupy ourselves with
‘rates; but we hope to make plain that rate levels require study,

- and on rational principles, to produce, simultaneously, the greatest
possible amount of utility, and receipts which repay the cost of
maintenance and interest on the capital expended.®

If a tax is gradually raised from zero to a prohibitive figure, its
iield starts at zero, reaches a maximum, then decreases and again
.becomes zero. It follows from this, that when the state needs to
~raise a fixed sum through a tax, there are always two taxes which

satisfy its requirements, one above, the other below, that which
gives the maximum return. Between these two taxes which yield the
same revenue there can be an enormous difference in the utility lost.”

When . . . one begins to graduate the rate of the toll, in such
fashion as to demanf-:s price which is not proportional to weight,
to volume, to distance, but more and more closely related to the
importance of the service rendered, the utility lost by the toll be-
comes less and less.® ‘

*Del'Utilité . . ., p. 50, My paraphrase and translation.
‘1bid., p. Bl.

*Ibid.

*Ibid.

' Ibid., p. 60.

*Ibid, p. 162,
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It:s ‘evident that Dupuit sawno. contradiction between investment
- policy and price policy: if a transport improvement could be supported
by-any: system of charges, then build ‘it, and adopt the system of
charges which would produce the maximum net utility to users (“max-
imize- consumer surplus”) subject to the constraint of recovering costs.
Given. differing demand elasticities, this system of charges would in-
volve “value-of-service” pricing within the overall cost constraint,
»~In. 1038, when Dupuit’s presentation was almost a century old,
'Harold Hotelling opened up some new terrain:

.+« we shall bring down to date in revised form an argument
“due essentially to the engineer Jules Dupuit, to the effect that the
~ ‘optimum of the %eneral welfare corresponds to the sale of every-
. thing at marginal cost. This means that toll bridges . . . are in-
. efficient reversions; that all taxes on commodities, including sales
..taxes, are more objectionable than taxes on incomes, inheritances,
.. and the site value of land; and that the latter taxes might well be
_ applied to cover the fixed costs of electric power plants, waterworks,
" railroads, and other industries in which the fixed costs' are large,

so as to reduce to the level of marginal cost the prices charged
. for the services and products of these industries.®

" As a revision of Dupuit’s argument, this passage came close to de-
molishing it. The process of modernization ended by turning the whole
-Dupuit structure back-to-front:

Determination whether to build . . . [a] bridge by calculation of
~'the revenue . . . obtainable from tolls is always too conservative a
_ criterion, Such public works will frequently be of great social value
.. even though there is no possible system of charging for their serv-
- ices that will meet the cost.*®

- The damage to Dupuit was not, however, quite as great as these
passages seem to indicate, because Hotelling added that a bridge or
similar improvement should be free to the public only as Jong “as the
use of it does not increase to a state of overcrowding.”* In an expand-
ing industry with constant long-run costs, prices which prevent over-
crowding will also provide the wherewithal to cover total costs, in-
cluding capital costs, Thus the Hotelling argument does not really
apply to fixed costs, as such, but to decreasing costs.
* Hotelling, op. cit,, p. 242,

* Ibid,, p. 248,
" Ibid.
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Three variants of decreasing cost will be considered' in increasing
order of probable importance. The first is the special case of: in-
divisibility or lumpiness attendant on decreasing long-run and inter-
mediate-run costs for the smallest size of plant that is technically pos-
sible.2 This emerges in its clearest form (see Figure X-1) only if (a) the
demand curve intersects the intermediate-run cost curve (which repre-
sents the first lump of costs and, thus, is also the long-run cost curve)
while the cost curve is still declining, or (b) the demand curve lies
- below the cost curve throughout, but an average revenue curve may
be lifted above the demand curve by the use of price discrimination
to intersect the cost curve.

Thus, in Figure X-1, DD represents any demand curve intersecting
the average total unit cost curve, BAC, before this reaches its mini-
mum point; D'D’ represents any demand curve which falls below
BAC throughout but which can be converted, by price discrimination
in place of a uniform price charged on all units sold, into an AR’
curve which lies above BAC at very low outputs and intersects it while
it is still declining. In both cases, the meaning of “decreasing cost” is
unambiguous.

If, however, both D’ and AR’ lie below the BAC curve throughout
and if this can be taken to mean that “the size of the indivisibility is
greater than the size of the market,”* there is then no economic case
for producing the good or service. If, in a system of individual seg-
ments, cost or demand conditions may be taken to differ from segment
to segment, then the pure indivisibility of our first type of decreasing
costs may merge into the “indivisibility-plus” of the second type.

The second and third variants are long-run decreasing costs with
indivisibilities (Figure X-2) and without them (Figure X-3), depending
on discontinuities or the possibility of continuous modification in the
process of achieving long-run economies of scale.

Figure X-2 illustrates two different kinds of indivisibility: whereas
BAC, intersects BAC, beyond the minimum point of BAC,, BAC,
intersects BAC, short of the minimum peint of BAC,. As the accom-
panying short-run marginal cost curves indicate, the transition from

" See the essay by R. B, Heflebower, Chapter 111, for a definition of these cost
concepts, Note that both basic facility and equipment costs are included in the
basic facility cost curve. (These curves represent the unit cost per ton-mile for
a given quantity of basic facilities.)

*A. P. Lemner, The Economics of Control (Macmillan, 1944), p. 180.
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Ficure: X-1i- Cost and ‘Demand-Curves, the Indivisible:
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BAC, to:BAC, is a source of discontinuity. But for the very abrupt
discontinuity from BAC, to BAC, the word “transition” is too mod-
erate; ‘something more citaclysmic is required—at the very least,
“break.”

A prospect of feast-or-famine seems to be held out as we rise along
MC,; with expanding output until MC, exceeds BAC,, with accom-
panying excess profits, then plunge vertically to MC,, and thereby
convert these profits into substantial losses. Fortunately, we need not
despair; in an expanding industry working at different densities (i.e.
at different levels of output per unit of length of facilities as well as
per unit of time), these extreme peaks and valleys are largely the
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artificial: product of applying purely static analysis to a situation in
which such analysis provides only a- first approximation: and not-a
final basis for price-making, o

The important evidence of Figure X-2 is that the average unit cost
of incremental output (or the increase in total cost associated with the
installation of capacity to produce successive blocks of output) is
consistently below the average costs shown by BAC,, BAC,, BAC,,
and so on. This would obviously not be true if the minimum points
for all of the short-run average cost curves lay along a horizontal line;
therefore it is evident that the concept of decreasing costs is not
identical with that of indivisibilities.**

If growth is slow or if high interest rates increase the cost of build-
ing ahead of demand, indivisibility may take on a life of its own as a
source of pricing difficulties: a strict marginal cost rule would require
prices to soar and swoop, with attendant alternations between profit
and loss (or lesser losses and greater ones) that would greatly compli-
cate management, budgeting, and public relations.

If growth is more rapid, the intermediate-run marginal cost loses
importance relative to the average incremental cost already described.
This, in turn, leads us from the discontinuities of Figure X-2 to the
continuities of Figure X-3.

Among the variants, the case illustrated by Figure X-3 is the only
one in which long-run marginal cost has a clear and unambiguous
meaning for each unit of output. Thus, since long-run marginal cost
has a clear meaning for all levels of output, there can be no “fixed”
costs, “sunk” costs (i.e. “fixed” costs of factors that are both immortal
and completely specific to this use), or “common” costs. All one can
say, or needs to say, in this case is that a price which covers marginal
cost at a given level of output will not produce revenues adequate to
cover total costs at that level.

The second variant, as shown in Figure X-2, is relatively more likely
(or less unlikely) in most underdeveloped than in most developed
countries. But the hill-and-dale topography of Figure X-2 should not

% For elaborate diagrams of the discontinuity problem, see Edward H, Cham-
berlin, “Proportionality, Divisibility and Economies of Scale,” Quarterly Journal of
Economics, Vol. 62 (February 1948), Figure 2, p. 232, and Figure 3, p. 233.
Professor Chamberlin’s conclusions are similar to those of this discussion, although
he arrives at them by a rather different route (see ibid., pp. 220-262; see also

“Comments” by A. N. McLeod and F. H. Hahn, and “Reply” by E. H. Chamber-
lin in Quarterly Journal of Economics, Vol. 63 [February 1949], pp. 128-143).
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Fiouse X—2. Long-Run Decreasing Costs, With. Indivisibilities for'
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be nearly. as important in transport costs as in the retailing of the
familiar “public utility” services which are delivered direct to the
ultimate individual consumer by means of completely specialized capi-
tal equipment. In transport, scale and versatility can operate to
smooth out irregularities which cannot be eliminated in highly local-
ized utilities. Fortunately, an economy which is in the process of rapid
economic development can also shorten the time required for the
rise-and-swoop of the marginal costs depicted in Figure X-2 until, as
a practical matter, the significant concept may become the average
cost of incremental output. .

This smoothing may occur for a number of reasons: heavier densi-
ties of use of transport services, faster rates of growth of use, successive
increases in alternative routes open to each shipment. Moreover, if
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Ficure X--3, Long-Run Decreasing Costs. Without Plant Indivisihilitiee
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different segments of a connected system exhibit cost behavior appro-
priate to points chosen more or less at random from BAC,, BAC,,
BAC,, etc,, in Figure X-2 (as seems probable in transport), it may be
legitimate to hypothesize continuous marginal cost functions for repre-
sentative transport movements. Discontinuities in marginal cost should
tend to cancel out for shipments moving from everywhere to every-
where else,

Even if this smoothing process should convert Figure X-2 into
Figure X-3, there is nothing in the logic of decreasing costs which
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' permits- one ‘to- associate-this condition with “fixed” or*“sunk” ‘costs.
‘As Figure X-2 clearly shows, marginal cost pricing produces deficits
if marginal costs are consistently below average costs. But a command
to disregard “fixed” or “sunk” cost implies a different and economi-
cally disastrous policy: it assumes that some or all capital goods become
free goods, in perpetuity, once they are installed and ready for use.

This brings us to the basic controversy: if we can sidestep the
indivisibility problem by assuming the conditions reflected in Figure
X-3, should a single price be charged which is just adequate to cover
the marginal cost shown in that figure? Or should a spectrum of prices
be charged—the lowest to approach or reach marginal cost, and the
higher to provide sufficient extra receipts to bridge the gap between
marginal cost times output, on the one hand, and total cost, on the
other?

Average cost pricing is less common in transport than in most other
industries. It is anathema to most economists. Their choice is either
marginal cost pricing or price discrimination subject to constraints: no
price below relevant marginal cost (for an expanding industry, pre-
sumably long-run marginal cost); average receipts just equal to average
cost; or one or both of the preceding plus a condition of maximum
output.

In spite of its many devotees in the economics profession, marginal
cost pricing is open to two fundamental objections.’® First, even if all
prices throughout the economy should equal marginal costs, there
would still be no proof that decreasing-cost industries ought to be
permitted to exist at all. That is, the total benefit (AR’ in Figure X-1,
on the assumption that every last customer will be charged every last
penny he will pay for every last unit he is willing to buy) may be less
than, as well as greater than, their total costs. Second, even if total
benefit exceeded total cost, there would remain the problem of financ-
ing the industry’s deficit by tax or other measures without causing
economic damage in excess of the total net benefit derived from the
decreasing-cost industry.?® Moreover, the proposal involves interper-

wFor an inclusive survey of the position at the peak of the marginal cost con-
troversy see Nancy Ruggles, “Recent Developments in the Theory of Marginal
Cost Pricing,” Review of Economic Studies, Vol. 17 (1949-1950), pp. 107-126.
For Mrs. Ruggles’ own views, which are not those of a devotee of marginal cost

pricing, see “The Welfare Basis of the Marginal Cost Pricing Principle,” pp. 20-46

in the same volume.
:#C, ]. Oort, Decreasing Costs As @ Problem of Welfare Economics ( Drukkerij,

Holland N.V., 1058), p. ix.
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sonal comparisons of quite a special sort. By implication, it assumes
that those who have relatively great need for transport services at a
low price, and relatively little need at a high price, should be subsi-
dized at the expense of the general public. There is no a priori reason
to believe that this group has any special merit, or even that it con-
stitutes a group for any other economic purpose or in any other re-
spect.

This argument returns the analysis to roughly the point it had
reached in the hands of Dupuit, more than a hundred years ago. Pro-
ceeding now beyond the partial equilibrium analysis which came nat-
urally to Dupuit into the world of general equilibrium, a question is
raised: should marginal cost pricing be attempted, or enforced, in
one part of the economy if it is not simultaneously attempted, or en-
forced, in all parts of the economy? For many years after Dupuit, the
question was evaded. It was assumed that all industries were either
competitive, in which case competition took care of the problem of
optimum allocation, or monopolistic, in which case the question of
externally imposed prices had to be faced. There is no doubt that the
competitive analogy greatly affected attitudes toward transport and
utility prices even before anyone ever heard of a Pareto optimum.*’
But, except for specialized analysis having to do with certain forms of
highly artificial behavior on the part of duopolists, the Pareto optimum
antedated almost all imperfect competition theory. To bring the
argument up to date: if prices tend to exceed marginal costs in much
of the rest of the economy, why should they be forced into equality
in the realm of transport?

This question can, in theory, be puffed up to overpowering dimen-
sions, If the services of transport enterprises were substitutes for the
products of monopolies, then it could be argued that prices for trans-
port might appropriately be raised. Even if, as would appear to be
the case, transport stands in a relationship of complementarity to the
goods (if not the people) to be transported, the appropriate price
policy for the transport service is still questionable. Once the argu-
ment is extended to the extreme “almost any old price which is not
ridiculously low or high is as good as any other.”®

" A Pareto optimum, is a state in which no person can be made better off with-
out making someone else worse off. For a clear picture of the Pareto optimum in
its varlous aspects, see Paul A. Samuelson, Economics, 5th ed. (McGraw-Hill,

1961), p. 680.
#R. G. Lipsey and Kelvin Lancaster, “The General Theory of Second Best,”
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«:Thus an argument which began, mildly enough, with a question as
 to;the.applicability of the Pareto optimum conditions appears to end
~with'a call for the destruction of economics. Even without such
hammer blows, however, the idea of optimum allocation may not be
capable of standing up to the problem of decreasing cost industries.
Assume that many other prices are above marginal cost. Then how
can it be seriously argued that industries which supposedly most need
to be restricted to marginal cost pricing are precisely those industries
in which marginal cost pricing produces deficitsP In the context of the
old model of pure competition vs. pure monopoly, such an argument
was perfectly appropriate. Today it is not.

Nevertheless, we can conclude this section on a more positive note
by relating the general economic discussion of pricing to the specific
attributes of transport costs as exemplified by one or another of
Figures X-1, X-2, and X-3 above.

L. No transport service should be priced at less than marginal cost.
If demand for the transport service may be expected to grow, this
should be construed to mean long-run marginal cost.

a. In the extreme “minimum asset” case depicted in Figure X-1,
minimum values for long-run marginal cost, at each successive level of
output, will be equal to short-run marginal cost. If the minimum
asset can be shifted without difficulty to another use or another loca-
tion, then it may be said that the first unit of output has a marginal
cost equel to the entire short-run fixed cost. At this point in the argu-
ment, Dupuit’s total cost formula may be superimposed upon his
marginal cost formula; alternatively, one may speak of a marginal cost
for the asset as such. If the minimum asset can be shifted—in function,
in space, or in time—but only with difficulty, then the potential loss
involved in such a shift will produce an opportunity cost for the asset
below its original cost. But any degree of asset mobility will neverthe-
less create a cost additional to those costs which vary, in the short run,
with output.

- The essential point may be summed up in the distinction between
“fixed” cost and “sunk” cost. The former is invariant with respect to
short-run changes in output, but not with respect to the level of
receipts after payment of all costs which do vary with short-run
Review of Economic Studies, Vol. 23 (1955-1958), p. 30; also M. McManus,

“Comments on the General Theory of Second Best,” Review of Economic Studies,
Vol. 26 (1958-1959), p. 222.
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changes in output. Sunk costs, on the other hand, are invariant with
respect to all changes of output which are technically possible, given
the character and capacity of the sunk asset. They are invariant, more-
over, for all future time. If a cost is truly sunk, it need not be re-
covered, via pricing, even in the long run. This is not to say that it
should not be.

b. In the intermediate, “indivisible asset,” case depicted in Figure
X-2, which represents an extension to higher outputs of the first-stage
case shown in Figure X-1, the pricing rule may yield widely varying
results, If the demand curve for the transport service intersects BAC,
between its minimum point and its intersection with BAC,, marginal
cost pricing will produce excess profits. If some demand curves, on
some segments of a transport system, are so located, these excess
profits would produce some automatic offset to whatever losses might
be incurred by covering only short-run marginal costs (or long-run
marginal costs to the exclusion of sunk costs) in Figure X-1.

If the whole system has grown beyond the minimum level shown in
Figure X-1, and the successive minimum points of BAC,, BAC,, etc.,
lie along a horizontal line, indivisibility in itself probably creates no
very great pricing problem. On one hand, “the demand curve” may
cut short-run marginal costs at levels ranging from well below the
relevant average cost curve to well above it. On the other hand, this
dilemma is largely the fictitious product of artificial assumptions: “the
demand curve” for transport services is actually a congeries of different
demand curves, applicable to individual segments of the system; con-
versely, for all through shipments, “the demand curve” for any one
segment necessarily spills over into other segments. In this context,
what is important is not marginal cost by some narrow definition (of a
ton, or a ton-mile, or a carload), but the average unit cost of incre-
mental output—which will, of course, vary with different geographic
configurations of desired movement or different product mix. For an
expanding system, the roller-coaster ups and downs of transport prices
which would be created by slavish adherence to short-run marginal
cost, as segments of plant are first filled to capacity and then enlarged,
would serve only the negative economic purpose of manufacturing a
new type of uncertainty.

If the successive minimum cost points for the transport system
decline steadily as volume grows from BAC, to BAG,, etc., a classic
decreasing cost problem still remains, even if indivisibility, as such,
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has éen taken care: of. ‘Average unit cost of incremental oitput will
n‘o‘ always fall below average unit cost of total’ output (see Flgure
X~2)

“C In the -“ pure decreasing cost” case depicted in Figure X-3,
indivisibxlities cease to be a problem, Short-run marginal costs may
still be highly erratic, rising steeply as output is expanded in each
plant of given capacity and then dropping abruptly to a new short-run
marginal cost curve as new capacity is added. But, in view of the
infinite divisibility of plant sizes assumed by the smooth curve, the
ups and down of short-run costs are not reflected in long-run problems.
It is, perhaps, doubtful that a curve of long-run decreasing costs could
ever drop continuously. Once such an assumption is made, however,
the problem of short-run cost behavior which is independent of long-
run costs simply disappears. Here, most clearly, even a price which is
equal to long-run marginal cost must fail to cover average cost.

It should be noted that emphasis on density per unit of distance,
which is the hidden thread in most transport discussion, may conceal
quite different relationships for terminal costs. Transport economics
involves not only “between,” but “from and to.” Costs of service be-
tween Paris and other main traffic nodes may be low by any defini-
tion, hut this could be offset by terminal costs in Paris and other traffic
nodes. Therefore, it is inappropriate to rack one’s brains for sources
of subsidy to bridge the gap between average and marginal cost of
the line haul until one has at least investigated the prospects for mak-
ing up the difference by profits derived from marginal costing at the
terminals.

2. New transport services should be expected to pay their full costs,
possibly, but not necessarily, by tolls collected from transport users.

‘The distinction between transport costs and the liabilities of trans-
port users will be more fully developed in the last section of this chap-
ter. Here, in brief, it can be said that a new transport service must
involve a rearrangement of geographical relationships which may
affect site values and incomes derived from any form of comparative
advantage in numerous ways—positively and negatively—quite apart
from ways that can be measured by ton-miles or passenger-miles.
(This familiar proposition is, of course, not restricted to transport.) If
the collateral effects are positive, the economist must avoid an asym-
metrical argument: the possibly spurious dilemma created by con-
trasting a cost curve which ‘ncludes costs which are not a function of
ton-mile output with a demand curve which excludes utilities which
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are not a function of ton-mile output, In some cases, the problem may
be.taken care of more neatly and simply than by a vague general ref-
erence to “external economies.” The secret may be simply to add a
further dimension to the problem, reflecting both costs and utilities
expressed in some unit other than ton- or passenger-miles.

3. Decreasing costs may exist which are related to units of trans-
portation service and cannot be charged off against other dimensions
of utility.

So a combination of the first point of our summary (charge at
least marginal cost on each unit) with the second point (cover full
costs on new services) may require the use of value-of-service pricing,
as an auxiliary to marginal-cost pricing, to satisfy the full cost condi-
tion without needlessly sacrificing useful output by average-cost pric-
ing, The theoretical case for value-of-service pricing, subject to mar-
ginal and total cost constraints, is that it is a means of increasing both
total output and net satisfaction from total output. It is simultaneously
a method of assuring that total output is worth at least as much as the
total cost of providing it. Hence it can fulfill the full cost condition at
the expense of modification, rather than elimination, of the marginal
cost condition.

This case for value-of-service charging is not, of course, accepted by
all economists as a valid guide for policy recommendations. Many
economists have at least some sympathy for a pure marginal-cost posi-
tion, based on the proposition that value-of-service charging (if car-
ried out in the traditional form of one unit price, regardless of volume,
for each separate buyer) must lead to misallocation of resources within
the transport industries. Moreover, a whole school of economists could
probably be found who maintain that the only thing that matters is
whether buyers would be willing (even if not required to do so) to
pay extra to cover deficits that might be incurred as a result of mar-
ginal cost pricing.

But this line of argument is more attractive in theory than in prac-
tice. Even in theory, its weakness is that it suppresses important
questions of interpersonal comparison. Why, for example, should one
person pay for part of another person’s consumption of transport
services, simply because no one has been ingenious or persuasive
enough to introduce a system of pricing related to the value of the
service for each individual? The second person may be indigent or
possess very limited earning power. Is there any economic justification
for supporting a transport service partly through levies on individuals
who may have little or no use for the service on any terms?
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1= 4, In' terms. of the “general theory of second :best,” relationships
-within the field of transport are likely to be dominated by substitution,
while relationships of transport to other parts of the economy are
more likely to be complementary.

The “general theory of second best” was obviously not put forward
to simplify the determination of optimum allocation, and has, in fact,
performed the opposite function in this chapter. But it can be used as
a point of departure toward a most important distinction which will be
the underlying theme of the rest of this chapter: in developed econ-
omies, the central problem of transport arises from the competition be-
tween established forms of transport; in underdeveloped countries, the
centrel problem is the allocation of resources within the transport sector
on the one hand and the remainder of thc economy on the other.

‘Transport Investment and Pricing

in Developed Economies

" This section concentrates on the importance of substitution in trans-
port pricing in developed countries, In view of the central emphasis
on problems of economic development, however, the discussion in-
tentionally takes a negative tack to indicate why many features of
currenr transport policies of developed countries are not necessarily
applicahle to developing countries.

The u10st recent statement on the appropriate role of cost in Ameri-
can transport pricing, prepared by ten leading economists under the
auspices of the Association of American Railroads, is addressed both to
economic theory and to transport practice.’® The statement reflects a
number of issues in transport economics which are fundamental for
American policy but of limited relevance to underdeveloped countries.

One is the emphasis on minimum, rather than actual pricing, with a
correlative emphasis on the range of discretion to be allowed private
managements by the public regulatory body (the Interstate Commerce

~*William J. Baumol, Burton N, Behling, James C. Bonbright, Yale Brozen, Joel
Dean, Ford K. Edwards, Calvin B. Hoover, Dudley F. Pegrum, Merrill J.
Roberts, and Emest W. Williams, Jr., “The Role of Cost in the Minimum Pricing
of Railroad Services,” Journal of Business of the University of Chicago, Vol. 35
(October 1962), pp. 357-366. See also comments by Joseph R. Rose, J. W.
Hershey, Romney Robinson, and the original authors, Journal of Business of the
Unflversity of Chicago, Vol. 36 (July 1963), pp. 336-361.
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Commission ). Since outside of the United States railroads are typically
owned by governments, American reactions to the costing  problem
mnust include rather atypical interest in the division of pricing responsi-
bility between private owners and public controllers. Moreover, the
United States is possibly the only country in the world to encourage
competition among railroads. A part of its early national transportation
policy, competition continues through the years as a desideratum, When
railroad competition is combined with private ownership and extensive
recourse to value-of-service pricing, the effects spill over into eco-
nomic analysis of railroad rates. Not least, these factors produce un-
usual concentration on rate relationships and or permissible minimum
rates.

The AAR statement also makes assumptions that are of limited rele-
vance to any transport industry that is neither mature nor more coz-
cerned with loss of present business than with conquering new ter-
rain, Assume specialized resources, which for all practical purposes
can scarcely be shifted, economically or legally, to other uses; assume
also an industry that is earning more than enough to replace its assets
but less than enough to be willing or able to attract new capital from
external sources. Then the emphasis of economists must be on short-
tun marginal costs and on the problems of maximum use compatible
with minimum economic return on existing assets.

From both the historical and the current standpoint, the emphasis is
bound to be on price as a mechanism for inducing substitution of one
transport service for another, and not on price as a method of regulat-
ing the appropriate flow of resources into the transport sector as a
whole.

France is the only country in the world which has avowedly intro-
duced marginal cost principles as a matter of deliberate long-term
policy into transport (and public utility) rate-making.®® Even in France,

* For an extensive theoretical discussion of the problems involved, by an official
of the Société Nationale des Chemins de Fer who was influential in the postwar
recasting of the French rail freight rate structure, see Roger Hutter, “La théorle
économique et la gestion commerciale des chemins de fer: Qu'est-ce que le cofit
marginal®” Revue Générale des Chemins de Fer (Paris, February 1950), pp. 53-
63; “Le probléme tarifaire,” ibid. (July 1950), pp. 318-332; “La coordination des
transports,” ibid. (October 1950), pp. 443-460. C. J. Qort relies heavily on French
discussion in his La Théorle Marginalistz et les Prix de Transport. A recent
paper dascribing the French experience and the present structure and rationale of
French freight rates in English is Dagobert M. Scher, “Cost Analysis and New ..

Rate Structure of the French National Railroads,” Transportation Research Forum,
Papers, Fourth Annual Meeting (Boston, December 1963), pp. 336-341. I am
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the institutional structure has not permitted systematic allowance for
all substitution possibilities either in transport or-in-energy supply.
The government owns the railways, via the Société Nationale des
Chemins de Fer Frangais, and provides the highways, but the SNCF
and the highways have separate administrations, separate budgets,
and at least the possibility of separate investment criteria. In the en-
ergy sector, application of marginal analysis to the prices of ‘electricity,
gas, and coal still leaves a door ajar for the price of crude oil. But, in
that part of the transport sector which is completely subject to pub-
lic control of prices, the nationalized railways, the basic objective of
marginal cost pricing well illustrates the theme already stated for de-
veloped countries in general: :

", . we were not looking for a general level of tariffs, which should
" cover all expenses, but only for a rational variation of rates.
S What can the French National Railroad expect from their rate re-
" “form? It is still too soon to say; however, it is expected that sooner
N qr lgtgr transfers of traffic between carriers will occur.®* s
"The one xeally major type of new iavestment in railroad way and struc-
ture which is of practical interest to the SNCF is electrification, Major
geographical extensions of the rail system are not planned; indeed the

* trend has been, and will continue to be, the opposite. And the mar-
ginal cost analysis appropriate to electrification is quite different from
that which would be employed to determine the feasibility. of extend-
ing the rail net. .

" Here, then, is the first difference between developed and under-

* developed countries: the former have rail systems which are already
as geographically extensive as they are ever likely to be. Much of the
marginal analysis in France is cast in terms of what are called “mar-
ginal costs of regression,” ie., the reductions in cost which may be ex-
pected to accompany a shrinkage in services rendered. These need not

' be identical with marginal costs of expansion or development (the whole

marginal cost curve may, in short, be irreversible) except over a time

editor of a volume describing the experience of Electricité de France with the
development of marginal cost pricing: Marginal Cost Pricing in Practice (Prentice-
Hall, 1964); see especially Parts I and II, written mainly by Marcel Boiteux but
with contributions also by Pierre Massé and Paul Stasi. See also Marcel Boiteux,
“Sur la gestion des monopoles publics astreints a I'équilibre budgétaire,”
'Econometrica, Vol 24 (January 1858), pp. 22-40, especially pp. 38-39.

~ mScher, op. cit., pp. 338-341.
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period 50 long that some other method of transport might conceivably
 take over:the whole rail function anyway. To base rates on this “long-
- term marginal cost of regression” would simply hasten the process of
regression itself, and probably even belie the marginal cost data orig-
inally taken as a parameter in trying to solve the pricing problem. In
this situation the Hotelling cost assumptions, based on fixed plant, may
be quite realistic. ‘ :
- But many of the underdeveloped countries have rudimentary rail
systems, related, in some cases, to a single export product or exporting
region. In any event the systems are often neither extensive nor ade-
quately located for the kind of growth of economic activity that is an-
ticipated or desired. Here the road-rail question is not so much how to
wring maximum output from the existing rail facilities as whether to
invest in new railroads, or in new highways (or new inland waterways,
docks and harbors, or in new airports). So the Hotelling marginal, or
infinitesimal, cost conditions for optimum pricing may be distinctly
secondary to the Dupuit total, or finite, cost conditions.

Just as irreversible elements may be found in rail cost curves, so too
they may be found in demand for rail service. The consequences may
be illustrated by starting with Oort’s application of the rules for op-
timum price discrimination to a struggling industry:

[Assume] an enterprise which, even in following the most deliber-
ate policy of monopoly pricing, can only realize a meager profit or
struggle to avoid losses. In this case optimum conduct is the same
whether it is considered as maximization of profit or as marginal cal-
culation of prices, linked to the requirement of profitability, In this
case, the maximization of profit barely achieves coverage of total
costs, while any other course would produce losses.?

This statemeut derives from the fundamentals of comparative statics.
Within its own terms of reference, it can be challenged only by an
economist who wishes to deny the appropriateness of value-of-service
charging in any circumstances. But, as a practical matter, the precept
“maximize profit!” may conceal the fact that a relatively low price can
be justified, within these terms of reference, only as a response to a
high demand elasticity. In a developed country this condition is most
likely to derive from the ability to attract relatively very large volumes
of traffic from other transport media. Since this traffic must normally

* Oort, La Théorie Marginaliste . . . , p. 48. My translation,
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have moved by rail before it was captured by other methods of trans-
port;’ the precept may be the equivalent of saying, “Wait till you lose
most of your volume of any given type of business before you cut rates
to 'try to get it back.” Furthermore, some part of each quantity of
traffic which is potentially recoverable by the railroads, and hence
adds to the elasticity of demand, might have been held at a price lower
than the old level but higher than the proposed new one, At the same
time some additional amount of traffic is probably lost forever because
the original loss of traffic was accompanied by some reorganization
of the geography of economic activity unfavorable to the railroads.

This same problem of demand irreversibility is also a possibility
in an underdeveloped country. In fact, however, it probably would
not arise there because parallel first-class rail and highway facilities
are much less common than in the developed countries.

Practically every country, developed or underdeveloped, has the
common problem of railroads encumbered with services for which
prices are less than their marginal costs. This requires stretching
“normative” pricing rules to cover not only the hiatus between average
and marginal cost but also the additional gap (of indeterminate
magnitude) between higher costs and lower prices on a certain por-
tion of the traffic. In nearly every developed country, passenger serv-
ice is an important source of loss. And, owing to the inherent costliness
of shrinkage, the loss may at least temporarily become greater as the
importance of the service becomes less. For some, but by no means all,
underdeveloped countries passenger service may be less important.
Or it may not be subject to such heavy relative loss per unit, or at least
not subject to quite such rapid erosion of demand from the competition
of highways (and especially passenger automobiles).

In practically every country, too, the main “artificial” constraint on
highway competition with rail has been the limitation of the govern-
ment’s highway budget. Here the economic rationale may be quite
different in developed and in undeveloped countries.

Rail connections already exist in the developed nations between all
major industrial areas, and there is usually little expectation of major
future shifts of industrial activity to locations beyond the rail system.
However, in the underdeveloped countries, existing or potential cen-
ters of economic activity are less likely to have good rail service. There-
fore the constraint on highway construction is less likely to be influ-
enced by its impact on the revenues of railroads and more likely to be
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influenced by its impact on the scramble for governmental finances and
for resources generally, A new highway in.a developed country gen-
erally provides a substitute, not a complement, for rail movement. A
new highway in an underdeveloped country may be either substitute
or complement,

Applying Marginal Cost Pricing to Transport
in Developing Economies

This section will confront the more positive aspect of our problem:
what principles of transport pricing should be applied in developing
countries?

The search for these principles may be somewhat the easier. De-
veloping countries are not faced as much as developed countries are
with the extraordinary problems involved in trying to prescribe op-
timum pricing rules for two decreasing-cost industries (road and rail).
Both services provide similar but not identical services, and their
rates of growth vary from rapid expansion for road to practical stag-
nation for rail. Also, in many developing economies the transporta-
tion system will have to be expanded more rapidly (in terms of the
creation of new facilities for the support of long-distance transport
service) than in the developed nations; this expansion will occur
mainly through the construction of new or improved highways.

The economic case for highway construction differs in a funda-
mental way from that applicable to railroads. Assume, for example,
that the total cost of a highway movement is thc same as the total
cost of moving an identical tonnage over an identical distance by rail.
Assume further that the structure of this total cost, in terms of division -
between roadbed and transportation cost, is likewise the same for both.
(Of course, this may be contrary to fact: highways may not involve
decreasing costs.) The cost allocable to transportation will still not be
identical in each of the two cases, even granting these very artificial
assumptions.

This may be illustrated by a simple decreasing-cost function of the
following type:

Total Cost = a + bx
where x = ton-miles of freight per mile of transport facility.



_216 PRICING 'TRANSFORT-SERVICES

".'“"For ‘highways;’ iuchor all of ¢ may appropnately ‘be charged oif
a et‘nents in’ ‘demand whxch are not a function of ton-mxles

. evenin the absence of any sort of long-distance automobile
-'*:travel owners of economically utilizable property would still’ want
- access to their sites.?”®

;It is ‘even conceivable that this cost functlon might coexist with in-
creasing costs of ton-mile movement in some environments, due to as-
‘sociation of denser traffic with declining (or increasingly negative)
marginal access values. For rail, on the other hand, with road cross-
ings. at grade, local access values may be negative even for low-density
lines. An increase in the number of stations to improve access may
affect the general quality of service or the general level of costs even at
low densities.

'So an economist must exercise care in relating the cost structures of
each industry to the demand for their services. It may be reasonable

to associate all railroad demand with volume of movement even
though this simplification conceals both positive and negative access
values, but to use it as the sole demand parameter relevant to high-
way costs is much less reasonable. If all threshold costs in highway
transport could be charged off against access, marginal cost pricing
applied to movement could simply be adequate to cover bx in the for-
mula given above, and no decreasing cost problem would arise. In-
stead there would be an allocation problem of assessing costs against
access as well as movement.

‘Moreover, it is obviously unrealistic to assume that cost structures
for road and rail are even similar. The use of trailers produces only a
very small part of the special ecoromies that can be provided by
using the longer trains that become more feasible with heavier rail
traffic density. Conversely, the railroads fought the battle of the gauges
early in their history and must now be content with uniform gauges
for integrated systemss, in view of the heavy costs of transshipment
or adaptation of equipment. On the other hand, larger trucks involve
wider and more strongly built highways—which in turn may or may
not involve decreasing costs per unit of capacity and could even pro-
duce sharply increasing costs (as well as decreasing costs) per ton-

#J. R. Meyer, Merton J. Peck, John Stenason, and Charles Zwick, The Eco-
nomics of Competition in the Transportatlon Industries (Harvard Universlty Press,
1950), p. 72. . .



-JAMES R.  NELSON '~ 217

mile actually moved over the highway.* The truck does provide a more
flexible and very often a quicker service, but at the expense of much
higher direct transportation costs per ton-mile. These considerably
greater costs tend to reduce the relative importance of the highway
itself; hence the lesser relative importance of highway cost structure
(whether increasing, constant, or decreasing per unit of traffic or in
response to other parameters). The net effect of the pros and cons
noted in this paragraph probably operates to reduce the significance
of decreasing costs for highways in comparison with railways.

Thus the problem of covering total costs via prices for transport
services which approach marginal cost may be less in under-
developed countries. Expenditure on fixed transport plant may nor-
mally be expected to concentrate on highways. Compared to the prac-
tice in developed countries, more expenditure will go into extension
of the modern highway network (with attendant creation of new ac-
cess values) and less into improvement of an existing network, Even
the problem of adjusting total costs to current realities by writing off
obsolete railroad properties should be less acute than in most de-
veloped countries.

A general problem in connection with highway pricing and high-
way investment arises from the common tendency to confuse costs and
expenditures. Since in all countries the provision of highways is a
budgetary function of governments, such provision tends to be viewed
as a current expenditure only. Because the capital cost of highways
must be an estimated or prospective cost, in the sense that the oppor-
tunity cost of capital embodied in any one form is the anticipated future
cash flow that could have been obtained by committing this capital
elsewhere in the economy, a current expenditure may seem a more
realistic and more readily calculable measure, But this expenditure
may, in turn, be regulated by an inward flow of earmarked taxes and
user charges derived from the current services rendered by existing
highways. Even if these taxes and user charges had a cost rationale,
any resemblance between their annual amount and the outlay on
highways warranted by a comparison of estimated future costs and
future receipts would be purely coincidental, If these taxes and charges
have no such rationale, or if they are unrelated to highway outlays,

% For a systematic presentation of the relationship between highway costs and

truck dimensions, see Wilfred Owen, A Study in Highway Economics (Harvard
Unlverslty Phi Beta Kappa Society, 1834), especfally Table V, p. 65.
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.expendlture on highways becomes simply a brute economic fact with-
.out even a spurious logical relationship to costs.

- The particular problem for the developing country, in this context,
is likely to be the relationship of both costs and expenditures to infla-
tion. The very existence of inflation spoils the usefulness of the prime
index of capital costs—“the going rate of interest.” This going rate is
~ clearly inadequate to hold the sum of all demands on resources down
to the sum of all resources available at constant prices. Conversely,
it may be argued that the going rate of interest is in some sense appro-
priate, but that the govirnment’s budget should provide for either
more receipts or fewe: expenditures. This argument, in turn, would
imply possible fluctuations in highway programs and their financing
wholly unrelated to cost-benefit analysis. Therefore, in inflationary
surroundings, the issue becomes the relevance and practical feasibility
of any cost criterion—not just the criterion of marginal cost—to the
investment program for highways.

No one can devise a magic formula for correcting a disequilibrium
rate of interest so as to make it an equilibrium rate. The only answer lies
in trial and error. Nor can anyone arbitrarily determine an optimum ad-
mixture of monetary and fiscal policy. But, within these limits, it may
be argued that current expectations as to future marginal costs are
clearly more relevant to highway investment policy than average past
costs or total current receipts from user charges. Current expectations
as to future costs may not, of course, be identical with expected mar-
ginal costs. Here the familiar problem of indivisibility reappears: an
expected (or actual) cost per unit of input cannot be directly and con-
tinuously converted into an expected cost per unit of output. But, with
or without a struggle with the problem of indivisibility, any unbiased
estimate of marginal costs provides at least some localized protection
against the real counterpart of galloping inflation: progressive mis-
allocation of resources.

Some of the countries with plans to use highways for all transport
extensions may already have a significant railroad mileage. In India,
for example, the basic long-haul facilities consist largely of rail. In
such cases, as long as highways prove to be the most economical cur-
rent way to extend transport facilities, “value-of-service” rate-making
by rail should be strongly influenced by marginal costs of truck opera-
tion over highways, even though no highway movements compete di-
rectly on parallel routes with rail movements. Value-of-service rates
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that produced transport costs by rail higher than those available else-
where by highway would set up strong economic pressure for parallel
highway construction. Rates far below truck rates might overstrain rail
capacity, and, by hypothesis, all additional investment would eventually
be in roads. Parallel construction, as in the first case, would be wasteful;
so would a distribution of economic activity, as in the second case, con-
ditioned by today’s average costs and not tomorrow’s marainal costs.
When two methods of transport compete and only one is 2xpanding,
it is uneconomic to attempt value-of-service charging without refer-
ence to the marginal cost of the expanding industry.

Marginal cost pricing for the use of highways is very different from
marginal cost pricing on the part of the transport services using the
highways. An economic advantage that many underdeveloped coun-
tries have over practically all developed countries is the tendency of
the former to allow competition to set the rates for over-the-road serv-
ices (passengers as well as freight). Truck regulation in the United
States takes the form of raising the costs of common-carrier trucks by
route and service restrictions and of permitting trucks to develop their
own value-of-service rate structures even in the absence of any sig-
nificant decreasing costs in operations. In Western Europe, it takes the
form of limitation of the numbers of for-hire trucks. Either system
may create an economic advantage for large concerns which are not
common carriers and can use their own (unregulated) trucks with
fewer diseconomies than those suffered by smaller private firms; either
may also create an artificial incentive for all firms to operate more
trucks in private carriage than would be economic if for-hire rates
were at a minimum competitive level.

But decisions as to the role of common carriers and private trucks
still do not answer the question of how the highways themselves are
to be paid for. Even in an economy which generates very low sup-
plies of or demands for goods and services requiring transportation per
unit of land area, an individual motor vehicle is still likely to be a
small unit of productive capacity relative to the tonnages and people
to be moved. Single ownership of fleets of trucks is also not an obvious
source of economies of scale. Therefore, constant costs may provide a
reasonable approximation to the long-run economics of motor vehicle
movements—in developing countries scarcely less than in developed
economies.

It was argued at the beginning of this section that highway costs are
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‘not as likely as rail costs to involve a decreasing cost structure attrib-
utable, to volume of transportation. Two questions remain: "how to
‘cover. threshold costs, or any other costs not attributable to volume
‘of transportation (e.g., because such costs are attributable to access),
‘and how to cover such transportation costs as may still remain in the
acconnts after payment has been received for the marginal cost of
transportation.

~ One of the more ingenious forms of payment for costs incurred to sat-
isfy demands other than that for volume of movement was devised by
the Congress of the United States to finance the original federal land
grant railroads. Half of the public domain within economic distance of
the railroad right-of-way was turned over to the railroad to help defray
its cost of construction; then the price of the other half of the land
still in government hands was doubled. Thus a subsidy to the railroad
builder might cost the government nothing.

In its pure form, this device can scarcely be adopted in countries
possessing no valuable public domain. It can nevertheless be applied
in the form of special property taxes or assessments—to be used for
transportation purposes—on property which benefits from the provision
of such facilities. This is the economically appropriate way to recover
road costs attributable to the provision of access, and has, in fact, been
employed in the United States and other English-speaking countries.
But application of this benefit theory of taxation becomes less straight-
forward when it comes to allocating such costs of movement (not ac-
cess) that are not strictly proportional to ton-miles of haulage.

- To the extent that the cost divergence is caused by differences in
vehicle sizes, the problem is that even a highway being used to its
capacity in terms of number of vehicles might still have a wide mar-
gin of excess capacity for the very largest vehicles whose size deter-
mines the outer dimensions of the highway. Moreover, there is no
reason to assume that an entire highway network must be expanded,
as traffic expands, in an amount just sufficient to maintain the exact
previous proportion between highway costs and volume of highway
movements. And improved facilities for movement, unlike those for
access, may destroy as well as create site value. Access is essentially
local; movement involves passage through as well as origination and
termination. As a special case, improvement of transportation facilities
could reduce all economic rents: for example, as in von Thiinen’s theory
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of differential economic rent in terms of the relative distance of dif-
ferent areas of physically identical land from a central market.?

i- A general solution to this problem may be obtained by first assum-
ing that the larger cities in a country obtain more benefit than that
obtained by the towns and villages, per capita and per ton of freight
entering and leaving, from the entire transportation network. After
constant costs of highways have been recovered from gasoline taxes
and possibly also from vehicle license fees, and after access values
have been recovered from special assessment, any remaining cost
might be recouped by a volume tax, graduated according to the size
of the market for which the goods are intended.

The exact form of such a tax is more a matter of administrative
feasibility than of economic theory. But it might be a tonnage tax
with a ton-mile coefficient to offer some reflection of total henefit re-
ceived from the existence of a larger transportation network; or even
a progressive tax varying with the “home port” of the concerns operat-
ing the trucks. The essential idea would be to derive funds from the
most “developed” part of the economy—the part which normally would
receive the greatest absolute increments in benefits from an expansion
of a national highway network. This arrangement should help provide
facilities for those areas which would otherwise be caught in a vicious
circle if asked to pay the full cost of new facilities: their inability to
pay this full cost might actually be a measure of their need for the
service rather than of the absence of need.

Conclusions

1. “Price transport services at the marginal cost of providing them”
is the classic recipe of economists who employ the approach of com-
parative statics. '

2, Since decreasing costs are involved in practically every form of
transport—-at least in the provision of infrastructure—the recipe would
necessarily produce receipts inadequate to cover costs.

3. Of all the classical writers on marginal cost pricing, Dupuit is
the greatest name. And Dupuit combined a belief in marginal cost

*J. H. von Thiinen, Der isolirte Staat (Verlag von Wiegandt, Hempel & Parey,
1875), Volume One, Book One, pp. 1-263.
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-pricingwith. & belief in levying:extra charges to cover'total"costs as
well oy Y e T
.4 4,/In" the history of transport rates, this approach to “value-of-
service” charging tended to become submerged beneath a superstruc-
ture of pricing customs based rather crudely on charging what the
traffic would bear. But marginal costs as a minimum need not be in-
compatible with some employment of rudimentary value-of-service
principles to enable the transport enterprise (whether publicly or
privately owned) to carry on without loss.

5. The revival of interest in marginal cost pricing has tended to
emphasize the significance of always setting prices equal to marginal
cost, This special form of the argument requires deficits for decreasing
cost industries, and presumably must assume that they are paid, some-
how, by the population in general. Thus the argument ends in a de-
parture from both cost-of-service and value-ofservice principles of
rate-making, and implicitly assumes interpersonal comparison of utili-
ties as well.

6. The simplest form of the decreasing cost argument involves an
indivisible minimum capacity, which is more than adequate for all
feasible outputs. Once the argument is extended beyond this special
case, “decreasing costs” and “indivisibilities” (in the sense of cost dis-
continuities, or “lumpiness” tend to part company. Indivisibilities may
exist without an overall decreasing cost trend; and conversely. Where
both exist together, indivisibilities theoretically complicate the mar-
ginal cost argument as it applies to decreasing costs. Marginal cost
may even exceed average cost for certain restricted ranges of output;
in this case, marginal cost pricing would create an excess profit. But
in a rapidly developing economy, these marginal costs must be very
temporary and hence of limited interest. Moreover, for a whole trans-
portation network, cost discontinuities tend to cancel out. What mat-
ters most is the average cost of an increment of new output spread
over most or all of the transport system.

* 7. The basic difference between the pricing problem in developed
and in developing countries arises from the fact that substitution, in
the form of the competition between a mature rail system and a grow-
ing industry of highway transport, dominates the transport scene in a
developed country, whereas complementarily, or the necessity for
added transport of some kind to permit the rest of the economy to
expand, is the basic attribute of the process of development. In the
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former case, marginal analysis must dominate. In the latter, the im-
portant consideration is the recovery of total costs.

8. This emphasis on total costs is reinforced by the additional prob-
ability that decreasing costs of transport movement (e.g., of ton-miles)
will be less important in a developing country than they were, or are,
in a developed country. Developing countries will tend to rely more
on extensions of highways; hence they can legitimately charge off
much of the excess of average over marginal cost to the creation of
additional access values,

9. The emphasis on both total and marginal costs becomes yet more
important in a country subject to inflationary pressures, which are a
frequent if not logically necessary concomitant of economic develop-
ment. Although “total costs” must not be confused with “total current
expenditure,” the case for incurring a present cost in the absence of
an assignable future benefit is even weaker in the presence of inflation
than in its absence.

10. Due to the governmental character of highway development
and the combination of access and movement utilities which highways
provide, developing countries may face technical problems of collect-
ing for value of service rendered. Special assessments or other local-
ized fees and taxes should be used to recover access values. Straight-
line taxes and fees (as a first approximation, a gasoline tax) are ade-
quate for the portion of highway costs which changes in exact ratio to
volume of transport. Special charges against transport entering or leav-
ing the largest cities may be required to recover any residual highway
costs, on the rationale that a metropolis typically receives and dis-
patches shipments for longer average distances and obtains more net
benefits, per capita or per ton, from the existence of an integrated
transport network.
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Financing Transport. Investment. -

A, ROBERT SADOVE® AND GARY FROMM®

IN; FORMULATING NORMATIVE PRESCRIPTIONS for
establishing project priorities and framing expenditure programs, econ-
omists generally have restricted their attention to an incomplete analysis
which neglects financial factors. It has often been assumed that if re-
sources are valued at their opportunity costs and project benefits are
estimated within a general equilibrium or national income context, con-
ditions for making optimum investment decisions are assured, Unfor-
tunately, such results can be misleading, both from the standpoint of an
individual project and in the aggregate. Becanse resources are not trans-
ferred directly from one use to another but indirectly through a mone-
tary mechanism, consideration of the financing of investment leads to
additional constraints and criteria for selecting projects—a matter which
is explored in this essay.

Four major topics are most relevant to the subject: (1) the scope
of the financing problem for national transport investment and indi-
vidual transport projects; (2) the determination of financial require-
ments and returns of transport investment projects; and (3) the rela-
tionship of economic to financial analysis; and (4) the impact of finan-
cial factors on project priorities. Emphasis is given to the role of finan-
cial analysis in ailccating investment funds rather than its more tra-
ditional role of organizing the types of securities to be issued, the sink-

* The World Bank; The Brookings Institution.

This essay is a revision and expansion of the seminar presentation given by
Robert Sadove, who had primary responsibility for the materials on economic and
financial analysis in practice. Some of the more theoretical, normative aspects of
these analyses are the concern of the second author,
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ing: fund: provisions, and other ﬁnancial arrangements of already.se-
lected profects.

Scope of the Fmanc1al Problem |

'I'he ﬁnancmg of transport is especially important because in many
underdeveloped countries transport is the largest component of total
investment. Of ten countries where information for a recent year is
readily available, investment in transport has ranged from around 2
percent to 5 percent of Gross National Product and from 10 to nearly
50 percent of total fixed investment (See Table XI-1). Often the major
burden of transport investment is borne by governments. In several
countries transport has accounted for over 25 percent of total public
investment (See Table XI-2). Transport investment plus substantial
deficits in operating these facilities has placed a significant burden
on national budgets. Currently, there are several cases wherc well over
half of large annual deficits in the public budget are directly related
to losses in the operation of publicly owned railroads.

In practice, the amount of financing for transport investment can be
so large that it may severely restrict a government’s freedom to allocate
funds to other uses. This forces the analyst, at least in part, to adopt a
financial approach in reviewing investment proposals. Consider the
case of Nigeria. In the year 1958-59, not only did government invest-
ment in transport amount to about half of all public sector investment,
but, in addition, private investment expenditures for motor vehicles
alone amounted to about one-third of all private investment and 3
percent of GNP. A similar situation exists in a number of other coun-
tries.

As of September 30, 1964, the World Bank and its affiliate, the Inter-
national Development Association, had made loans and credits for
transport projects amounting to more than U.S. $3 billion. (See Ta-
ble XI-3.) The amount of additional domestic investment needed
to complete the projects involved is estimated at another U.S, $3-$4
billion.

It is not unusual to find individual projects requiring as much as 10-
20 percent of a govemment's. annual investment ‘budget . (cf Table



“TAwie XI-L. Transport Investment in Relation 0 -
; Gross Fized Investment and Gross National Product®

= ,COA . Gross Fixed Invest. ) Tramport Invcs.g‘g-‘ !ﬂ:‘:‘;:;';p:rlt’elrz::st:g .
o ~.Country , mentasa .. 'mentasa:iiiiijw of Gross Fixed
o | Percentage of G_NP Percentage of GNP Tnvestment
Colombs . . . 10.6%.. . " 5.8%. . 26.0%

Tndia o CaLe T Ut T g
"Yerael - B HY P R N R | X

Sdapan 0 0 4R.8 e ot 4@ o 11,4
Mexico 188 .- 24 T \
Nigeria S L X T4 T 4000
‘Pakistan -~ I § 1) EEREENS Y - “15.4
Sudan .. 188 200 18,8
. Thailand 16.6 X L1880

' Souroe; Statistical Office of the United Nations, Department of Bconomie and Social Affairs, Yearbook of
National Aocounts Statistics (New York: United Nations, 1062), . )
» All estimates pertain to one year in the period 1059-62, e
Including communications investment. ) .

"TABLE XI-2. Public Transport Investment in Relation to

Other Investment® N R
Public . Public  Foblic o py o Publi
“ i -~ ‘Transport - X Transport
oL Sector = Transport Transport
. L . Investment as - . Investment as
. Investment Investment as Investment as
Country _ h . Percentage of . Percentage of
Ftl YT Percentage of . Percentage of
. Public Sector . Total
‘Percentage Public Sector . Total Domestic
" of GNP  Investment Domestic Investment Transport
Investment Investment
Colombia  5.1%  54.0% 55.0% 26.0% 53.0%
India *  — — = e © 80.0
Japan - - 9.8 - 256 . -85 - - . — 51.0
Mexico. 6.0 - 184 . . 2.5 —— 46,0
Nigerin - 6.0 306 51,8 545 86.7
Pakistan 57 175 ‘7.0 - 880 57.0
Sudap : 7.4 0.4 25.2 21.0- 74.0
Thailand 6.1 . b e = BALOY.

*Source: Btatistical Office of the United Nations, Department 6f Eéonomlé' and Soclal Affairs, Yrarbook of
Nalional Acoounts Statistics (New York: United Nations, 1062),
* Estimates pertain to one year in the period 1058-62,
b Including communications investnent. . °
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TaBLE XI-3.: Transport Loans and - Credits, World Bank and -
International Development Association, September 30, 1964
(In millions of U.S, dollars) a e o

World Bank
Railroads 81,180.8
Roads . . 1,014.4
Porta and Waterways 827.2
Airlines and Airports 56.9
Pipelines 79.0
Shipping 12,0
Total Bank #2,070.8
IDA
Railroads 116.5
Roads 218.7
Ports and Waterways 27.5
Total IDA 862.7
Total Transport Loans and Credits $3,042.0

Source: Statistical Division, International Bank for Reconstruction and Development, Bank Loans Classified
Purpose and Area as of Seplember, 1964,
XI4). This is aside from any related investments that private firms
must make for rolling stock or other auxiliary equipment. Given the
magnitude of these outlays, it is imperative that project evaluation be
properly conceived and that project costs and benefits be measured as
accurately as is realistically feasible.

Investment Evaluation Theory

In a world with no increasing returns to scale or external economies,
no monopoly elements or financial constraints, no differential social
welfare effects, and so forth—and with perfect knowledge—it would be
a simple matter to determine investment priorities. Maximizing the
discounted value of Gross National Product would be consistent with
maximizing “social welfare.” It would only be necessary to ascertain
the magnitude of GNP with and without any given investment. Proj-
ects would then be selected which yield the highest net benefit per
dollar invested, and resources would be allocated in such a way that
the last dollar’s worth of resources in each use yields equal returns.
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) Tasre XI4. Representative World Bank and IDA- Trbhspm Invest-
_ments in Relation to Annual Government Expenditures and Annual
‘Government Investment, 1958-1962

(Dollar items in millions of U.S. dollars)

Annual Government Ratio of Ratio of
_ Expenditures Investment in Project Investment Investment
Project - ~in Project to in Project to
N Invest~ * " Domes- IBRD/ Government Government
‘ ment  Total - tic IDA Total Expenditure* Investments
s m. @ " @ @ © e )/
Roads = %,&%
1 8 450 $2,000 § 62 48 8110 5.6% 24.6%
e 890 1,100 4 25 69 6.3 17.7
8 200 940 " - 87 £ 62 6.6 - s1.1
& 210 1,480 -~ 62 80 92 6.8 486
5 1,680 6,600 i 121 5 1 - e 1.8
(] 800 700 - 8 7 15 2.2 5.0
7 TEE g 80 80 25 55 6.6  1%.0
8 10 50 8 8 14 £8.0 140.0
. oS NE Stoanar i
1 S T R T M A T I R £6.2
2 800 900 12 18 25 2.8 8.8
1,680;:(8,810. , ..80. .20 - 89 - 1.6 8.6
260 - s 14 50 9.2 ' 56.8
©. 1,800 . 285 .25 2 £1.8 173.1
2,810 839 11 850 16.2 5.0

NS&:m: Wo)tld Bank Project Reports and United Nations, Yearbook of Statirtics, 1963 (New York: United
ations, 1064).

* Sincs profect investment expenditures may take place over a few years' time, some of these percentages are
m hl:pwuda. Note, however, that current expenditures by projects initiated in the past will tend to offect

® Components do not add to total because other foreign sources of loans are not shown,

However, an economy is seldom so static or so small that the impact
of any potential project on national income can be isolated from other
changes that might take place. All that can be done, in practice, is to
evaluate the possible direct effects of an investment proposal and
describe any indirect and intangible results, under certain simplifying
assumptions and adjustments for conditions which depart from the
theoretical norm. Occasionally some quantification of indirect effects is
also feasible. These evaluations range from predictions of possible
outcomes to subjective appraisals of social needs and preferences to the
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wuse: of. hypothetical . “real” or “true” ieconomic parameters. in the
analyses,. . . - - - o S S A T IS )
..For example, attention has often been called to artificially low in-
terest rates, overvalued exchange rates, and wages that are not as low
as would be expected in underdeveloped countries which are pre-
sumed to have an excess supply of labor. These are all indications that
the market prices of inputs and outputs do not reflect the “true” oppor-
tunity values of using resources. Therefore, a strong case is made for
the use of “accounting prices” (sometimes called “shadow prices”) in
calculating economic returns in cases where market prices are dis-
torted.* On the other hand, no satisfactory method currently exists for
determining the proper accounting prices. Furthermore, these theoreti-
cal prices are not applied in the market place so distortions in demand,
incentives, or resource allocation may still occur.

In addition, even where the market prices of inputs and outputs
reasonably reflect their real scarcity value, there is still the difficult
problem of trying to determine and measure the direct, and especially
the indirect, effects of an investment. Will the improvements made in
a port reduce the costs of a country’s exports? Will the reduction of
costs be reflected in lower export prices? Will lower export prices lead
to an expansion of exports and foreign exchange earnings? If so, by
how much will foreign exchange earnings increase? Is the situation
further complicated by the fact that the increased foreign exchange
proceeds accrue to foreign-owned firms? This is only a very small
sample of the kinds of questions to which answers are required in an
economic analysis.

Economic Analysis in Practice

{jNeverthéless, in spite of the fact that there are overwhelming ob-
stacles to the complete quantification of all costs and benefits, economic
calculations must play a leading role in the selection of investment
projects. In practice, project appraisal is frequently carried out along

*Strictly speaking, in a general equilil fum, linear programming context, a
“shadow price” is the unit marginal value of a resource under perfectly competi-
tive conditions. Thus, a shadow price is somewhat narrower in scope than an
accounting price; the latter includes adjustments to reflect monopoly elements
and market imperfections. :
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the following lines. A’ general review of the economiy and a detailed
examination of the investment program of the country is undertaken.
Then a judgment is often made as to whether the particular economic
sector containing the project to be appraised is a “priority” sector—one
in' which investment is essential if development is to be stimulated.
Following these steps, a preliminary calculation should indicate
whether there is a prima facie case that the economic return from a
particular project would be higher than the return from alternative
uses of this capital. If the result is positive, a detailed economic analysis
would then be carried out to determine whether the project in fact is
a more beneficial investment than other projects which might be under-
taken with the capital involved. Obviously, the determination of this
opportunity cost of capital—sometlmes called a target rate of return—
is a critical matter.

" Of course, the obstacles encountered in the calculation of economic

returns mean that those returns will be emphasized which are rela-
tively easy to measure. In the case of road projects, it will be savings
in ‘user costs; in the case of congested ports, ship waiting days saved;
and in the case of railroads, reductions in transport costs. In addition,
attempts are made to estimate more or less precisely such indirect
returns as the development that will be induced by the project. Agri-
¢ultural development along a road, or expansion of exports, or reduc-
tion in the cost of imports resulting from a port improvement are
examples.
*On the other side of the ledger, estimates of investment costs require
a substantial amount of very detailed and time consuming engineering
and. financial work. In a number of large projects recently examined,
detailed re-examinations of the cost estimates at a late stage in the
appraisal were necessary. In some cases, these late stage reviews
resulted in an increase in the estimates by at least 10 percent, despite
the advanced stages of the engineering and the fact that the original
analyses had been made by engineers who were experienced in
_prepanng such cost estimates. In part, such discrepancies arise be-
‘cause the exact location of a transport route, the variability of design
standards, and the use of alternative construction materials and meth-
ods usually introduce factors which are difficult to evaluate.

Since the margin of error in the estimates may be substantial, a
generous allowance for contingencies is usually necessary. The unan-
ticipated factors that may arise vary from case to case. These may be
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technical problems. For example, the quantity or quality of the earth
to be moved may differ greatly from one road to another, and little
may be known of the local geological conditions. This kind of uncer-
tainty often occurs in less developed countries when the engineering of
projects has often only reached the preliminary stage.

To estimate financial requirements accurately, it is also important
that contingency funds be provided to cover possible increases in
costs resulting from a rise in the general price level or changes in spe-
cific conditions of supply and demand. For instance, wages and prices
often increase when large projects create an unusually great demand
for labor in the more underdeveloped parts of countries. Although the
relationship between the prices of different goods and services may not
change, there may be increascs in the absolute price level. These in-
creases are not usually important to the economic analysis, but the
financial effects of this kind of inflation cannot be ignored.

The serious consequences of underestimating project costs fre-
quently dictate aliowances for contingencies ranging around 20 percent,
or even higher. Yet, despite these precautions, there continue to be
risks of over-runs in costs. Such over-runs have sometimes led to a
slowing down in construction and the danger that the project would
come to a halt because of a shortage of funds. In turn, long construc-
tion periods increase the chance of a difference between the actual and
the estimated costs. Obviously, an estimate that is too low has more
serious negative consequences than one that is too high. For this reason,
the cost estimates that are finally accepted may have to be on the
high side. Experience shows that generous estimates tend to be more
correct in the long run.?

To complete the economic analysis, account must be taken of vari-
ous indirect costs engendered by a project. For example, in order to
take advantage of new transportation facilities, much present commer-
cial activity might have to be relocated or reoriented.

The Role of Financial Analysis

Prudent decision-making requires ways of supplementing and
checking the results of the calculations of economic returns and costs.

*Cf, the discussion regarding cost estimates in the Brookings transport cases—
eg. the Atlantic Highway in Guatemala—soon to be published.
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~This is where financial analysis can be particularly useful to the econo-

. mist, Economic analysis takes a wide view. It does not limit itself to

the organization carrying out a project but extends its purview to in-

 clude the country or region as a whole. It also takes into account benefits
and costs which may not involve cash expenditures or receipts by the
entity responsible for a venture. Financial analysis, on the other hand,
is generally restricted to the outlays and revenues accruing to a proj-
ect.

- Financial analysis is both a supplement to the vconomic evaluation
and a basic source of data for the calculation of the economic rate of
return, However, financial analysis uses its information to examine
matters which economic analysis frequently neglects, or at the least,
tends to minimize.

‘In financial analyses particular emphasis is placed on the ability
of projects to meet all operating costs continuously (that is, satisfy
their liquidity requirements) and, also, to earn an adequate return on
the funds invested. This return, although not always defined in precise
terms, is usually interpreted to mean a return which covers at least
depreciation charges and the actual cost of capital to the enterprise
concerned. Where a significant amount of private equity is involved,
the cost of capital should include an allowance for a minimum return
on these funds. When financing an economically desirable future ex-
pansion of a project is extremely difficult, the return may also inciude
an element for partial internal funding of such investment from the
project’s revenues. The insistence that examination of the financial
self-sufficiency of projects (financial “health” or “soundness” are
synonyms commonly employed in financial circles) be part of the
project appraisal stems from the difficulties that governments in less
developed countries experience in raising revenues for investment and
other expenditure needs.

Because of the literacy and administrative requirements of income
taxation, less developed countries rely mainly on indirect taxes—such
as customs, excise, sales, and property taxes—to obtain revenues. How-
ever, the income which can be raised by indirect taxes is limited. First,
excise and sales taxes increase prices and lower demand, therefore
raising the elasticity of demand. When the elasticity exceeds unity,
further tax rate increases result in decreasing retumns, ie. absolute
declines in tax revenues. Second, indirect taxes tend to distort prices
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-and:resource allocation. Third, high levels of indirect taxation foster
evasion.:And ‘when there is no apparent relationship between the taxes
collected and direct benefits received, public pressures to reduce tax-
ation develop.

‘In advanced countries it has long been a tenet of taxation (for rea-
sons of both equity and resource allocation) that the beneficiaries
should, in theory, pay for the costs of government-provided, nonwel-
fare goods or services. The principle is also relevant for the less devel-
oped nations, Its application also relieves some of the pressure on na-
tional budgets.

This does not imply that transport services produced under con-
ditions in which average cost is greater than marginal cost (i.e. there
are economies of scale) should be priced at average rather than mar-
ginal cost. Nor does it preclude the use of multipart tariffs, specific in-
direct taxation (e.g. reassessment of property values in the areas affected
by the transport investment), or “land sale techniques.” It does mean
that transport projects which are not expected to be financially self-suffi-
cient should clearly meet or surpass the economic opportunity rate of
return criteria. Financially self-sufficient projects, of course, should also
meet the criteria. But because users and beneficiaries will be con-
fronted and are expected to pay the costs of providing the service,
somewhat less stringent standards might be employed. This matter is
discussed further at a later point.

Wheth>r a revenue-producing project is self-sufficient or largely
supported by general government revenues, financial analysis is still
desirable. The possibility that financial difficulties will cause delays
in the execution of a project or curtailment of its operations can seldom
ever be ruled out, especially in its initial years. For example, the bur-
den of debt is often heavy and for this reason much attention must be
‘paid to the margin by which available earnings are likely to exceed
fixed charges.

Short-term financial liquidity may also be significant for a project;
for example, the unavailability of funds to meet payrolls may retard
construction or vital maintenance. Therefore, studies are usually under-

. *For a discussion of normative prescriptions for transport pricing, see the essay
by James R. Nelson in this volume (Chapter X) and Alan A, Walters and Samuel
Weiner, The Finance of Railroad and Highway Facilities in Underdeveloped
Countries (The Brookings Institution, multilithed, 1965),
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bakenin which earnings during a period-are related to the costs of

 operations. In addition, cash flow statements are prepared which show
‘the money available during a particular period as related to the
amount of payments required. This analysis includes various capital
items which do not figure in the income account, such as receipts and
payments on fixed capital account, receipts from the sale of securities,
payments for capital goods and the associated services, or repayments
of loans. In other words, all items needed to determine whether the
funds available will be adequate to meet all the payments due during
a given period should be considered.

Distinctions Between Revenue Producing
and- Other Projects

‘The kind of financial analysis outlined above is most easily applied to
revenue-producing projects, that is, those ventures where revenues ac-
crue directly to the entity carrying out the project. This includes a large
part of the World Bank’s operations in the transport field. Of the
roughly U.S. $3 billion of loans and credits made in this area through
September 1964, approximately 70 percent was for facilities such as
railways, ports, toll roads, airlines and pipelines which earn revenues.
They can thus provide for repayments of debt incurred and other
capital advances out of receipts accruing directly to the project or
entity concerned.

There are, however, a large number of other ventures such as toll-
free highways, in which revenue is not earned directly. In most of these
cases, the question of whether sufficient funds will become available to
complete projects depends on the government’s willingness to allocate
funds, and its ability to raise additional general revenue or reduce other
expenditures.

For nonrevenue producing projects, financial analysis takes several
forms. However, it is usually related to the revenue position of a partic-
ular government department (such as a highway department) and the
ability of a government to raise revenues over time from those who
benefit from transport (e.g. by means of user or other taxes) which
could be earmarked for transport development. Thus, there may have
to be an analysis of all government revenues obtained from activities
related to the project or earmarked for the same purpose, e.g. road
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transport. On the other hand, the analysis may have to be limited to
the government’s overall fiscal position. - '

Whatever its form, some kind of financial analysis is vital be-
cause most underdeveloped countries face serious difficulties in their
efforts to finance development. These efforts include increasing gov-
ermnment revenue by passing burdensome tax measures—which often
cannot be enforced. They also encompass controlling the increase of
recurrent expenditures arising from development and coping with
the tremendous financial pressures resulting from the need to expand
basic services, Finally, restraining inflation (resulting in part from gov-
ernment deficits) is often one of the most difficult tasks, The lack of sav-
ings in general and public savings in particular, too, is one of the most
imperative reasons why financial requirements should be emphasized
in project appraisals.

Shortcomings of Financial Data

Calculating and interpreting financial projections is difficult at
times because of shortcomings in data, This situation in turn casts
some doubt on the validity of the financial appraisal and the more
comprehensive economic analysis. For revenue-producing projects, the
data generally depend upon some form of conventional commercial
accounting of the operations of the entity carrying out the project.
Unfortunately, experience in the field of transport indicates that un-
satisfactory accounting systems are a widespread phenomenon,

Financial projections should be assembled in such a way that they
ascertain whether the amount of money required to bring a project to
completion and to continue it in operation will be available. Fre-
quently, however, financial statements have been examined which
fail to reflect the actual situation and the cost of operations. For ex-
ample, where serious inflation has existed, financial results are only
meaningful if adjustments have been made over the years to adjust
for the inadequacy of historical cost depreciation to meet current
and future replacement costs. In the absence of adjustments, the record
of past financial returns may tend to be misleading, too. This is par-
ticularly true for railroads since many projects consist of rehabilitating
Iong-established systems with extensive existing facilities.*

‘Robert T. Brown’s case study of the Chilean railroad decision (Chapter XI1)
amply demonstrates the need for such adjustments,
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' Because of the need to remedy poor accountingpractices, much
technical assistance is now underway to finance ‘accounting advisers.
Regular independent auditing of accounts is becoming commonplace.
‘Bringing about improvements in the quality of financial reporting
for revenue-producing projects has been one of the more significant
contributions of the emphasis placed on financial analysis. In spite of
the shortcomings of presently available financial data, the lack of com-
parable statistical information has been one of the most difficult prob-
lems encountered in evaluating projects which produce no direct
revenues.

Government Intervention and Pro‘jectAEvaluation

~ There are many other factors which make it necessary to exercise
care in drawing conclusions from financial and economic analyses of
transport projects. Government subsidies which favor one mode rather
than: others are said to be widespread in the transport field. (Note that
these subsidies need not take the form of direct grants or payments;
they can simply be a failure to charge the transport user or beneficiary
~ enough to cover the cost of facilities or services.) If not properly taken
into account, this practice distorts the financial results and economic
evaluation. At present, the effects of not imposing full costs on the users
of the various transport facilities are difficult to measure. Yet, it is pos-
sible that with more knowledge it could be established that the de-
mand for roads of high standard would be substantially reduced if
users were required to pay the construction and maintenance costs
involved, :

‘The desirability of subsidizing alternative facilities is only now re-
céiving serious attention in transport surveys in several developing
countries. It is too early to generalize about the findings, but in a
number of cases it appears that road transport operators pay only a
small part of the cost of providing the facilities used. So many different
factors enter into the determination of traffic that it is nearly impos-
sible to separate the influence of subsidies. It cannot be stated with
certainty that substantial distortion of traffic has taken place, or that
there would be a decrease in traffic if transport were charged its true
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economic cost. However, these are important questions for further
research, - e e el )

The most difficult distorting factor to isolate. and evaluate is .the
impact of governments’ transport regulatory activities, or the lack of
them. These, of course, are designed to further social and economic
objectives, but they may also incur substantial financial and economic
costs. For example, railways, government-owned as well as private, are
regulated, and concurrently they operate in competition with other
forms of transport, especially highways. Where highways are sub-
sidized and trucking rates are not regulated, competition puts a ceil-
ing on the rates which railways can charge. At the same time, regu-
latory authorities often determine railway rates, thus limiting the rail-
road’s ability to raise revenues. This ~an lead to situations in which
railway operations present a state of chronic deficit and appear ad-
ministratively, financially, and economically inefficient. Actually, the
deficits may have arisen primarily from artificial regulatory constraints.

A case was studied recently where deficits were definitely the result
of a particular pattern of rates and charges imposed on the railways
by regulatory agencies. Revenues per unit of output lagged badly
behind costs, even though productivity was high and costs were low.
Passenger fares as well as rates for particular categories of freight,
were also kept at artificially low levels by the government. Further-
more, the railroads were required to bear the heavy costs of social
service facilities for their staff. A careful analysis concluded that the
poor financial results were misleading and that the railroads were
actually an economic carrier of freight.

Also, occasionally, railways are obliged by regulatory authorities to
maintain service on branch lines which have been rendered unprofit-
able by the construction of highways or the disappearance of traffic
which they were built to carry. In addition, some railways have had to
build and maintain service on lines with strategic military importance
but no economic justification,

Even where some of the factors responsible for a low rate of return
appear to be under the control of a railroad, its freedom of action may
be limited. For example, recent transport surveys have revealed a large
number of cases where railway employment appears excessively high.
In most of these instances it is said that it would be politically difficult
or impossible to lay off all the excess staff.
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Homeancml and Economic Analyses
Supplement Each Other

“ Despite the difficulties with economic analysis and the limitations of
financial analysis, the two can supplement each other in making invest-
ment decisions, The emphasis in economic analysis is on the best alter-

" native use of resources, especially as it relates to current investment
programs. The emphasis of financial analysis is on the cash-flow of
private and public sector funds related to a project and its effect on re-
source use, especially on investment in future periods. The interactions
of the two analyses are best illustrated by a consideration of some of
the types of cases which are encountered in practice:

1. Cases where both the economic and the financial analyses indicate
an adequate return for a profect. This is the simplest case from the
practical point of view. For example, an appraisal of a proposed rail-
road link which will carry high density and relatively bulky traffic
indicates that large benefits will result from a properly functioning rail-
road in the area. The high financial return provides assurance that the
project will not be a burden on the government budget. This is obvi-
ously a high priority investment.

2. Cases where both the economic and financial analyses indicate
low returns from the project. This again is a simple case, indicating
that it would be a waste to allocate resources to this project.

-8, Cases where economic return is high and the financial return low.
This is a not uncommon case which best illustrates the interactions
between financial and economic analyses. There may be several pos-
sible explanations of the difference in returns. Basically, however, all
such cases fall into two categories: (a) those in which the economic
returns are calculated according to accounting prices but the revenues
and costs of a project are determined by market prices; and (b) those
in which a significant proportion of the benefits of an investment can-
not be captured by its operators.

To illustrate (a), there are cases in which facilities are constructed
with market wage rates above accounting price wage rates. On the
revenue side, subsidies, regulation and competition may so constrain
user charge rate schedules that low receipts result. In both situations,
the financial return is depressed even though the economic return may
be high.
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To illustrate (b), it is often true of urban transport that the users of
2 new.facility are not the main beneficiaries. The study of the Victoria
subway line in London shows that more than half of the benefits will
not go to those who use the line but to those who continue to use
existing facilities, where, because of the Victoria line, congestion will
be less. Might the latter beneficiaries not also be charged even though
they are not users of the new facilities? In practice, such charges are
rarely levied. Furthermore, rates of existing facilities impose con-
straints on the new, and financial deficits may result.

There are many other projects with external economies where it is
not administratively, economically, or politically feasible to impose
charges on the indirect beneficiaries. Depending on the magnitude
of the direct and indirect effects and the cost of the project, deficits or
low financial returns may result. There are also instances when it is
economically or politically desirable to set user charges below those
which might be obtained.

Nevertheless, the impact of budgetary deficits which arise from sub-
sidizing potentially self-sufficient projects or of selecting projects ir- -
respective of their net financial returns should not be passed over
lightly. If a public enterprise operates at a financial loss, the deficit
must be made up from the government’s existing general revenues, or
from additional taxation and borrowing, or, in extreme cases, by
printing currency. If the funds are drawn from general revenues, other
vital projects may have to be foregone. On the other hand, an increase
in government debt or outstanding currency might be inflationary, -

There may also be an effect on total investment. The government’s
deficits are, of course, implicit subsidies to the users, who may employ
them for consumption purposes or for investment which is not highly
productive. Conversely, it is also conceivable that the project’s benefici-
aries might use the funds more productively than the government.
Furthermore, the low subsidized transport rates may offer an incentive
to additionai productive private investment.

Notwithstanding the latter possibilities, the consequences of undue
government deficits are generally undesirable. Furthermore, there is no
method at present for truly identifying and measuring the costs and
benefits of subsidies. Therefore, it would seem best, other things being
equal, to assign lower priorities to projects requiring subsidies, In
other words, if two projects have similar economic returns, the one
that is not a drain on the budget would be preferable. This places
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" considerable emphasis on the “if,” yet it does not seem unreasonable
' to require projects needing subsidy aid to show a clear economic and
social advantage over alternatives that are financially self-sufficient.
Another conclusion is that, before deciding to subsidize a transport
__ project, all possibilities of having the users pay for it be considered. .
© 4, Cases where the economic analysis assigns low priority to a profect
* whose financial return is high. In this case the economic return is the
“ determining test. The low economic return is sufficient reason for re-
jecting the project, and the high financial return is misleading,

" 'This case can be illustrated by a project which duplicates an existing
facility. For example, assume a railroad line of 500 miles between two
cities with heavy traffic making it a success from both the country’s
and the company’s viewpoints. Assume a new project. perhaps even of.
dn alternative mode, which essentially duplicates the functions of the
existing facility. Given more modern equipment or a significantly im-
‘proved technology, the new facility may have lower total operating
costs and be able to charge lower rates. The old facility may not be
able to compete even though it regards its capital as sunk and charges
rates equal to its short-run marginal costs. Much of the traffic would
be diverted to the new line, making it very successful financially. The
saving in overall transport costs, however, may not be sufficient to
justify the country’s constructing the new line. '
. Although such project proposals are not uncommon or unrealistic,

" the economic rationale for them is generally so weak that they rarely
should be considered acceptable in practice. IR

" Conclusions . - -

. The chief lesson of this essay is that the conclusions of economic and
_ financial analyses can conflict. Conclusions based solely on either eco-
nomic rates of return or financial analysis should not determine invest-
* ment priorities. A combined approach should be utilized.
. In project appraisal the basic data being used in the calculation of
returns frequently are subject to unusual error or regulatory distortion.
Experience in a number of cases indicates that these calculations may
not only be based on faulty data or subject to wide margins of error,
but they may not always encompass the largest developmental effects
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associated with a project. Furthermore, there is rarely complete agree-
ment in any particular case regarding either the opportunity rates of re-
turn throughout the economy or the minimum rate of return acceptable
for the particular project being appraised. The rates for different sectors
may not be identical because resources, including capital, are not
equally available to, or fully transferable between, sectors. That is,
different resource constraints may cause different opportunity rates of
return, In practice, the rate usually has to be chosen under the stress
of operational time pressures and often with insufficient knowledge of
the returns from alternative investments.

The role played by each of the calculations in project appraisal has,
in some cases, resulted in confusion. Where both the economic return
and the financial return indicate similar directions and orders of mag-
nitude, there is obviously no problem. Furthermore, it can usually be
said that if the economic return is unsatisfactory, a project should be
rejected regardless of its financial return. The critical point, however, is
that projects with adequate economic returns shouid not be selected
without considering their financial returns. The indirect economic ef-
fects of undue financial pressures on government budgets can be grave,
Therefore, projects which are economically justified but require subsidy
should be scrutinized especially carefully, with the deficits being eval-
uated at the opportunity cost of the funds, Where the social returns of a
subsidized and a financially self-sufficient project are equivalent, the
latter may well be preferred.



‘The “Railroad Decision” in Chile

‘ROBERT T. BROWN®

CHILE 8 TRANSPORTATION PROBLEMS are not typical
of. those of most underdeveloped countries because Chile already has
most of the elements of a truly integrated national transport network.
A long, narrow strip of a country, 2,600 miles in length with an aver-
age width of only 110 miles, Chile has a railway which extends from
Iquique ii: the North to Puerto Montt in the South, a distance of some
1,500 miles. A section of the Pan-American Highway from the frontier
with Peru to Puerto Montt, a distance of some 1,606 miles, will be
completely paved by 1966, Even the southern one-third of the coun-
try, mountainous and sparsely inhabited, is tied to the rest of the na-
tion by coastwise shipping and air transport.

Chile’'s key transportation problems, in fact, are more similar to
those in the United States, where the rapid increase in highway trans-
port has eroded the revenues of the long-dominant railways and oc-
casioned losses for many. Chile’s state-owned railways broke even, on
the whole, until the end of the Second World War, but the competi-
tion from trucking since then has so decreased operating revenues
that by 1962 they baxely covered 49 percent or costs, the difference
being met by a global subsidy from the national budget.

® Institute of Economic Research, University of Chile, and the Brookings Institu-
tion.
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"IfibjeCt;and Struétural Investments in Transport

" Chile’s transportation planning’ decisions, on the other hand, are
similar to those in countries where the role of the government in trans-
port investments is preponderant. So the ‘question in Chile is: what
transportation structure should the government develop? More spe-
cifically, what should be the position of railway transport within an
integrated transportation structure which is consistent with the na-
tion’s development program?

Although Chile already has a developed railroad network, the criteria
appropriate for deciding upon the construction of a new national rail-
road are also those which should be used when it is decided to main-
tain an existing railroad through massive new investments for renova-
tion? In this sense, Chile’s planning decision is not essentially different
from that in Venezuela or Brazil, where no integrated nationwide
transport network yet exists. In all three countries the planners must
come to grips with the question of the place of railway transport
within a national transport structure. On the basis of the answer to
this question, decisions with regard to investments in both highways
and ports will fall into place.

It is, perhaps, desirable to explain the reasoning behind the thesis
that the railroad decision, rather than a decision regarding other means
of transport, is the critical one. Eventually all countries (leaving aside
those countries with rigidly centrally planned economies) will have
complete highway networks: trunk highways will unite all the major
production and consumption centers and secondary feeder roads will
reach every town and farm, tying them to “he trunk routes. It may
take decades to complete the basic network, but eventually it will
come.

Highways

Even in Chile the political clamor for ever-increasing expenditures
on highway construction and improvement (which usually parallel

3Even though the existence of present railway facilities is relevant to the
analysis of new investments in Chile’s railroads, the “sunk costs” that these
physical facilities represent are not relevant, Investment planning need compare
only the relation between possible additional new capital outlays and the ex-
pected benefits from them in railways with alternative investments in other sectors
of the economy.
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existing railway lines) cannot be staunched, in spite of its developed
railroad network and considerable excess railroad capacity, its short-
age of capital for new productive investments in the economy, its
balance of payments problems, and the lack of a national automotive
industry. Present and potential entrepreneurs believe (rightly or
wrongly) that trucking is a good business and exert political pressure
to extend the highways, Producers also favor new highway invest-
ments, because they see in highway transport a way to reduce their
transport costs, either through shifting their goods from the railroads
to trucks or merely by threatening to do so in order to obtain railway
rate reductions. Politicians see in highway construction a source of
employment to absorb unskilled and redundant agricultural laborers
from their districts. Thousands of people have an income which per-
mits them to purchase an automobile even at prices three and four
times higher than those in the United States, and their political power
assures that the highway network will continue to expand.

All these factors (which are either currently operating in other coun-
tries or will as the level of development rises) ensure that sooner or
later Chile’s highway network will be complete. Obviously, the factors
enumerated do not prove that the investments in highways are eco-
nomically justified. They do prove, however, that the highways will be
built, justified or not. A transport planner who does not take this fact
into account in the preparation of his plans is tilting against wind-
mills; his plans will be filed and forgotten.

The present decisions about highways are, therefore, concerned with
the relative priorities of different roads, the thythm with which in-
vestments are to be made, and the technical characteristics of the
highway to be built~maximum grades, minimum curve radii, types of
paving, etc. These decisions are important: high standards signify that
less mileage can be constructed in a given year; erroneous decisions
with respect to types of paving can mean the loss of resources because
roads break up under unforeseen traffic increases, ete. But no single
decision of this kind is likely to carry the risk of an economic “dis-
aster” for the country. If a low priority highway is constructed because
of political pressure or poor project analysss, there is obviously a loss
for the economy. The resowmces would have been better applied else-
where, but the highway can still be used. And what is more important:
it is unlikely that any permanent damage has been done to the trans-
port structure of the country. Sooner or later that same (presently)
low priority road would have been built.
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“++A-similar situation: exists ‘with regard to’ investments in ports. ‘Lhe
tonnage moved through ports in many countries, either in coastwise
trade or in international commerce, is concentrated in a few bulk
items' which are handled with special port facilities installed specifi-
cally for their use. In Chile in 1960, for example, 16 million tons of
cargo passed through Chilean ports: 7 million tons of exports, 3 million
tons of imports, and 6 million tons of internal freight (double counted
as it is handled twice). OF this total, 12,5 million tons (78 percent)
consisted of iron ore, petroleum, nitrates, and coal, which almost never
use general port facilities. Only 3.5 million tons consisted of other
freight, and of this, only 1.9 million tons was coastwise trade.?

With this type of maritime transport structure most port decisions
can be easily handled on a project-by-project basis. A large share of
the remaining decisions can be based on foreign trade with no danger
of distorting the nation’s internal transport structure. The possi-
bilities of gross errors are limited, and even though errors are com-
mitted, they are not likely to be an overwhelming burden on the econ-
omy for any great length of time. All projects must, of course, be
analyzed carefully, especially when their cost represents a significant
portion of the investment resources of the economy. The point here is
only that errors in ports, whatever the specific loss to the economy in
terms of opportunity costs, are not likely to burden the economy with
an inappropriate transport structure.

Railroads

_ Railway decisions, on the other hand, are often of a completely dif-
ferent nature, and this is true whether the decision is one to construct
a railway where none of importance existed before (as could be the
case in Venezuela), to change the structure of an existing railway net-
work (as could be the case in Argentina), or to completely renovate
and modernize an existing railway network without basically changing
its structure (as in the case of Chile), These decisions are not “project”

'Direccién de Estadistica y Censos, Estadistica Chilena, Sinopsis 1960,
pp. 648-49; 672-73, ,
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decisions but rather “structural” decisions, They are basic, fundamen-
tal decisions, and if they are in error there is no turning back: the
implications of the decision are far-reaching both in space and in time.
They are decisions which involve not five or ten or twenty million dol-
lars but rather hundreds of millions. An erroneous decision of this
nature can be classed as a “disaster” for the economy.

In many underdeveloped countries a major part of railway invest-
ments is composed of imported capital goods which the country is not
able to produce economically for itself. Even in Chile, which con-
structs all its own rolling stock and rail accessories, the imported com-
ponent of the 1961 railway modernization program of $312.7 million
amounted to 37 percent.® Not only does this represent an enormous
burden on the balance of payments, but also signifies that railway
investments can be carried out with frightening rapidity: locomotives
and rails can be obtained within a year of reaching a decision and
placing the order.

Furthermore, the fact that railways in underdeveloped countries (at
least in South America) are today largely state railways signifies that
errors regarding railway decisions are reflected directly in a nation’s
budget. No longer do British investors bear the burden of overseas
railway bankruptcies; this burden now signifies increased inflation and
lost development opportunities in other sectors of the economy. Last,
the fact that these state railways are among a nation’s largest employ-
ers signifies that even when an error is recognized, it is extremely
difficult to turn back, because the resulting labor problems spill over
dangerously into the political sphere.

These are among the reasons why the investment decision regarding
railways should be considered the key decision. Once it has been ra-
tionally decided what is to be the role of railways within a nation’s
transport’ structure, the other important decisions will fall into line.

The railway decision must be made at two levels: first, does the
country require a railway network (either a new railway or the renova-
tion and continuance of an existing system); and second, if the country
does need a railway, what is its proper place within an integrated and
coordinated national transportation structure. The decision on the first
level is the critical one and must be made centrally. That on the sec-
ond level is a continuing process, as the role of railroad transport can-

*Supremo Gobierno de Chile, Programa de Transportes para Chile, 1061-1970
(1961), Table 83.



048 “RAILROAD DECISION" IN CHILE

 not be'frozen over time but must be affected by changes in traffic flows,

relative factor costs, changing technology, etc. The second-level deci-
ston is likely to fall into error if made centrally (especially as the ten-
dency is likely to be one to attempt to freeze the present pattern) and
should be left as much as possible to the market place.

The key first-level decision cannot be made in a vacuum, obviously,
but must be based on the relative costs of a transportation structure
which incorporates a railroad compared with the costs of one without
a railroad—based either on highway trucking alone or highway truck-
ing combined with pipelines, coastwise shipping, etc. In a country
which has no railway at present, and where the future development of
the country can only be projected imperfectly, the decision is agoniz-
ingly difficult. Not only lack of knowledge about the country’s future
development and accompanying future traffic flows is responsible.
The lack of knowledge about physical production functions of railroads
which permit the estimation of future operating costs is also a key
factor.

In this paper no attempt will be made to examine the elements
which enter into the decision to build a railway where none existed
before. Somewhat less difficult is the decision to maintain and to re-
new existing railway capacity, because operating costs are (or can be)
known, traffic flows can be studied; and this information can be com-
plemented by costs, revenues, and traffic of the othex transport media.
Chile in 1959 made a critical decision to modernize completely its
State Railways, including renovation of the way, dieselization, installa-
tion of centralized traffic control, renovation of rolling stock, and
continuation of the electrification of a part of the Southern System
initiated several years earlier. This decision was msde on the basis of
partial and inadequate studies, despite the fact that the original pro-
gram involved more than $200 million of investment and a' commit-
ment to continue railroad transport within the existing transport struc-
ture for several decades more.

Most of the remainder of this paper will be devoted to analyzing
this decision to determine whether, on the basis of a more careful
study (and using the benefit of some hindsight), the decision in Chile
was justified.
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Renovation of the Chilean State Railways

The basic justification for the 1959 decision to undertake a massive
renovation of the Chilean State Railroads was that because of decades
of continuing decapitalization, costs had risen to a point where, con-
sidering the competition from the highways, no rate structure would
permit the railways to cover their costs. It was believed that by new
investments these costs could be decreased to a point where the rail-
ways could compete effectively with trucks and buses without the
need for government subsidies,

Costs and Revenues, 1940-1962

Table XII-1 traces the development of the expenditures and revenue
published in the Annual Reports of the State Railways from 1940 to
1982, In order to present figures of comparable value over the period
(prices in 1962 were 135 times those in 1940), the original figures have
been deflated by the cost-of-living index.* Figure XII-1 presents the
revenue, operating costs and total costs during the same period for
the Northern and Southern Systems,® and Figure XII-2 shows the total
profit or loss for these systems.

As can be seen in Table XII-1 and Figure XII-1, while total revenue
of the Northern and Southern Systems fell from 63.2 million escudos®
in 1940 to 50.6 million in 1962, total costs rose in the same period from
61.8 million escudos to 120.4 million, thus turning the initial profit of
1.4 million into a loss at the end of the period of 69.8 million. While
total revenue in 1940 was 102 percent of total costs, in 1962 it covered

*The cost-of-living index is no better or worse than several alternatives, such
as an index of railway costs or the wholesale price index. The cost-of-living index
is used because the data are reasonably reliable and because primary interest is
centered on the relation between costs and revenue rather than on the absolute
level of one of them.

*The analysis in this paper will be restricted to the Northem System, which
extends from Pueblo Hundido to Calera, and the Southern System, which ex-
tends from Valparafso to Puerto Montt. It is obvious without further analysis
that the subsidiary line from Iquique to Pueblo Hundido should be abandoned
and that the line from Chile to Mendoza, Argentina, should be maintained. The
line from Arica to La Paz, Bolivia, must be maintained because of international
treaty obligations.

¢ Escudos of 1961, as are all the monetary figures presented, In 1961 the ex-
change rate was 1.05 escudos to the U.S. dollar, but the escudo was considerably
overvalued, A more realistic rate would have been 1.50 escudos to the dollar.
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TABLE XII-l Chilean State Railways: Revenue and Costs
(Yearly figures or annual averages in thousands of escudos of 1961)

1040 194144 1045 1046-49
A. Northern and Southem Systems .
" Revenue: ' o : .
oo Passongers .. v . 18,8059 19,826.8 . £1,080.4  17,888.1
Baggage ; . 2,800.8 8,120.6 3,521.3 8,040.2
Freight - S 40,088.5  47,5%4.0 54,803.7 45,205.8
* Sub-Total Traffic s 62,848.6 0,082,0  B0,104.4 66,220.0
- Other Revenue-. . .- © -~ .. . - 854.7 1,482.6 1,180.1 1,845.8
Potal Revenue =~ - ¢ 63,208.8 71,464.6 81,243.5 67,575.4
Operating Costs 40,1171 58,3522 61,070.0 . 5%,208.7
Operating Profit or Loss 17,086.2 18,15¢.4 20,178.5 12,281.7
Other Costs:

... Depreciation . , . 8,742.4 9,804.4 8,004.1 8,841.5
Financial Costs 2,181.3 1,243.0 1,0287.7 1,275.2
Pemslons -~ - - . . 6,816.2 5,000.9 6,657.6 7,804.9

_ Severance Pay 121.0 166.0 1,008.0 1,560.4

Other Costa 201,2° 10.0 18.6 275.8

B Total Operating and Other Costs 01,760.2 69,672.1 78,8860 74,120.5
.. Profit or Lons Northern and Southern :

" Systems 1,434.1 1,702.5 2,407.56  —0,545.1

B Loss Subsidiary Railroads ; - T 2,486.4 2,214.2

Losa Maritime Service 1,889,8 620.0 1,209.9 1,075.4

" Total Profit or Loss C e BM8.7T  —1,878.8  —0,8%4.7

C. Payments to Government 4,422 1,501.8 1,025.8 1,845.5

* Transfers from Government: ;

- National Budget - - - 4,260.8
Turnover Tax — - -— 1,470.0
Import Duties — - — —
Debt Write-0R ‘ - 1,8i8.0 - -

Net Tranafer from Government —4,424.2 846.5 —1,625.8 4,801.8
D. Profit or Loss Dalance Statement —~4,870.4 8002  —5,000.6  —5,445.4
. Coat-of-Living Index 0.8427 1.2088 1.724 2.889

Source: Annual Reports of Chilean State Railways,
only 42 percent of total costs.” The consistent trend toward increasing
losses is clear in Figure XII-2,

' Table XII-2 shows the composition of what are defined in this paper
as the operating costs of the Northern and Southern Systems, As can
be seen from this table and in Figure XII-1, these costs have fluctuated

" The revenue in 1962 includes some four million escudos of subsidies from
the government for the transport of specific products whose freight rate was re-
duced at the request of the government. On the other hand, the costs in 1962
include import duties, which the State Railways did not have to pay until 1960,
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TasLe XII-1. Continued
‘ AM"
by AT
1050-51 1052-58 1056-58 1089 1900 1061 1062
15,870,1 | 15,418,5 14,520.0 14,496.5 15,108.4 14,081.8 14,053.0
2,880.1 ¢ 2,860.6 2,088.0 2,142.0 2,034.0 1,828.8 1,748.4
$6,080.7 43,040.9 45,074.0 45,580.5 48,187.7 $7,075.1 $1,070.0
54,448,9 61,724.0 61,032.9 62,160.9 60,275.7 52,095.2 47,7774
1,466.9 1,024.5 2,845.9 1,088.0 2,200.5 1,038.1 2,850.8
55,015.8 63,848.5 63,078.8 69,257.9 02,536.2 54,808.8 50,027.9
57,7260.2 70,801.2 62,478.8 63,0504 70,844.9 74,008.1 76,221.1
- 1,610.4 = 6,002.7 1,500.0 -~ 401.5 ~—7,808,7 ~—10,220.8  —25,508.2
7,077.0 8,078.6 16,005.2 17,074.5 19,112.8 17,817.1 15,080.1
803.1 . 086,5 0,067.7 1,243.8 040.8 2,770.4 10,372.8
8,784.9 9,241.0 8,050.1 9,500.0 9,611.0 11,312,0 11,851.7
1,147.2° 909.0 726.2 1,086.7 1,998.7 2,778,6 610.7
30.8 1,888.9 1,404.1 256.6 3,080.6 - 56.8
75,608.7 91,800.2 95,781.1 03,730.9 104,140.4 108,777.2 120,452.2
—10,602.0 —26,611.,7 -31,752.8  ~80,478.0 —41,610.2 —85,008.0  ~09,824.3
2,204.4 - 8,700.1 2,885.1 3,047.4 5,010.3 4,628.2 5,340.1
1,098,1 488.7 - — - - -
—92,005.4  —82,710.5  —84,087.4 —84,120.4 —46,620.5 —58,587.1  —75,164.4
1,101.2 810.8 - — - - -
20,881.9 $2,107.2 18,000.4 32,820.4 50,210.8 57,980.0 65,819.6
5,378.4 0,584.7 7,760.8 9,347.0 2,627.0 - -—
- - - 1,820.0 5,876.1 6,300.6 18,831.2
81,154.1 88,841.1 25,700.7 44,008.8 58,714.8 04,200.2 79,050.8
8,158.7 5,021.6 ~— 8,520.7 9,882.0 12,085.8 5,753.1 4,480.4
4.790 12,879 48.24 83.10 £2.86 100.00 118.87

widely over the period. Although revenue in general followed the ten-
dency of the operating costs, in 11 of the 23 years studied it was inade-
quate to cover them. In the last three years of the period total revenue
was less than 75 percent of operating costs (including wages and salaries,
fuel, materials, but not depreciation, financial costs, pensions and sev-
erance pay).®

1t should be indicated, however, that two of these years were exceptional: in
May of 1060 the railroad was severely damaged by earthquakes and in 1961 a
railway strike of 28 days reduced traffic,
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TanLE XI1-2. Chilean State Railways: Opérating Costs*
(Yearly figures or annual averages in thousands of escudos of 41961)

Adminis- Ways and

. Repair ~ Gratifie". © 5=
Year tration Structures Transport Traction Shops .  Wellare . cation - Insm-anoe
1940 2,885.6 6,442.6 8,208.5  15,348.9 7,821.9  5,797.5 27.1 - —° 46,117.1°
194144 2,980.6 7,817.7 9,470.9  15,247.2 9,447.7  6,102.0  2,966.1 — - 53,382.2
1945 8,997.4 9,099.1 10,978.5 16,013.9 10,099.4 7,729.1 $,152.6 = — : 61,070.0
194649 3,466.3 7,523.0  10,780.7  14,614.4 9,429  6,813.1  3,02.2  151.1  55,298.7
1950-51 2,943.3 8,831.9 11,910.4 17,381.9 10,389.6 2,585.4 8,689.1 544.6 57, 726 2
1952-55 5,885.2  10,180.0  14,360.6  20,509.6  13,070.9  2,515.0  S,112.2  68.7  70.301.2-
1956-58 4,262.6 9,176.9  13,070.7  20,798.9  11,858.5  2,163.9 493.8  654.0 = 62,478.8
1959 4,708.7 8,950.8  11,920.7  22,914.5  11,080.7  1,866.7  1,400.1  662.2 - 63 659.4
1960 8,868.0  10,467.8  12,670.4  24,751.7  12,844.2  $,28%.1  1,881.4  577.8 70,344.9
1961 4,720.7  11,708.8  14,811.9  23,658.0  1S,672.6  $,393.0  1,605.8 - 493.8 . 74,098.1
1962 5,456.0  11,805.4  14,814.5  21,961.9  16,881.3 ~ 3,48.8  1,321.3  441.9 76,221.1

Source: AnnualBeperhoItheChﬂunShteRlﬂwm
® Northern and Soutbern Systems.
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I is not dxﬂicult to understand why the govemment which took
.;oﬂice in November 1958, was anxious to reverse the ever-increasing
“deficit of the State Railways. This deficit was a heavy burden on the

national budget and an importart contribution to the inflation which
the government was pleuged to halt. The question to be analyzed,
however, is whether the factors which had turned the profit on the
Northern and Southern Systems in 1945 (the last year in which a profit
was made) into an increasing loss thereafter could be best attacked by
~ the investment program which was initiated in 1959-60. To answer
this question it is desirable to compare in more detail the costs and
revenues of 1945 with those of the period 1956-58, the latest years for
- which the government had information when it made its decision to
embark on the modernization program.

~ The average annual loss in the years 1956-58 for the Northern and
. Southern Systems, as shown in Table XII-1, was 31.7 million escudos.

Adding this amount to the profit of 2.4 million in 1945 indicates that a

 total deterioration of 34.1 million escudos in the profit position must
~ be explained by an analysis of the costs and revenue. Total revenue
fell from 81.2 million escudos in 1945 to an average of 64.0 million in
the triennium 1956-58, a difference of 17.2 million, 50 percent of the
- amount to be explained. Total costs increased from 78.8 million escudos
in 1945 to an average of 95.7 million, an increase of 16.9 million, which
explains the remaining 50 percent.

The increase of 1.4 million escudos over the period in the Operating
Costs is of little importance. The appreciable increase in the costs of
Transport and Traction within Operating Costs is explained primarily
. by a reclassification of the costs of the family allowance, which in 1945

were grouped under Welfare and in 1956-58 were assigned directly to
each department. To explain the increase in Total Costs it is necessary
to examine Depreciation, Financial Costs, and Pensions, '

A review of annual depreciation statistics reveals that the figures
used by the State Railways in their annual balance statements, at least
until perhaps 1958, are of little value. Sharp jumps in amortization
charges in 1948, 1954, and 1958 were due not to the incorporation of new

- assets but to a revision of depreciation estimates after physical inven-
tories. Although definitive conclusions are impossible without a de-.
 tailed study of the real assets in each year, it appears quite clear that
either depreciation is overestimated at the end of the period or that
it was sharply underestimated at the beginning, Most likely the latter
. is correct, as the period 1945-58 is usually considered to be a period
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of decapitalization for the Railways.® More svpport is given this con-
clusion by the’increase in the item “Other C sts,” which in 1956-58
represents solely the book loss on eliminate . assets. Pending further
study, the increase in depreciation should be »nsidered an accounting
increase rather than a real increase in costs.

Financial Costs is a heterogeneous cost category subject to sharp
fluctuation from year to year. Included in this item are interest pay-
ments and commissions to banks, both obviously legitimate cost items,
as well as charges made because of adjustments in the balance sheet,
which occasionally are not only inappropriate but even duplicate le-
gitimate cost charges made in other categories. For example, in the
years 1956-58 the Financial Costs were the highest during the cntire
period until 1962, The great jump between 1955 and 1956 is due to an
adjustment made in the outstanding debt of the State Railways be-
cause of the devaluation of the escudo. This was apparently due to
instructions from Chile’s general accounting office. In effect, during
the years up to 1958 the Railways purchased equipment from abroad
on credit, and the resulting debt was expressed in escudos in the bal-
ance sheet. When the escudo was devalued, this debt in national cur-
rency increased sharply. In the years 1956-58 (as well as in other years)
this increase was treated as a cost, even though the goods bought were
capital goods. Because the assets of the Railways were also revalued
due to the continuing inflation, depreciation charges against these
assets were also increased, and in effect the same cost was included
twice. For this reason it is obvious that the fluctuations in Financial
Costs are of little interest in an analysis of the financial situation of
the Railways and clearly new investments will not reduce these “costs.”

The increase in pensions of 2.3 million escudos between the two
periods represents a real increase in costs. The cost even in the period
1956-58 is not out of line, however, with what the State Railways
would have to pay even if it were a private company.” In this case

*The sum of the net profit or loss during the period of 1945-58, including
subsidiary railroads and government transfers, is a loss of 10.9 million escudos.

In other words, the govemnment subsidy during that period was inadequate to
cover the losses of the State Bailways.

® The cost to the State Railways in 19859 for pensions, separation pay, medical
benefits, etc. was 14.8 million escudos (of 1961). Had the State Railways been a
private corporation and subject to the same employer’s contributions for thesc
purposes as other private enterprises, the cost would have been 14.2 million escudos.
Manuel Metz Amdt, Evaluacién Econémica del Subsidio Fiscal a la Empresa de
Ferrocarriles del Estado de Chile (Santiago: Direccién de Presupuestos del Ministerio
de Hacienda and Instituto de Economia de la Universidad de Chile, 1064), p. 79,
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»‘Tmu-: X]I-3 Ciulean State Razlways. Revenue Traﬂio‘ ,
'(Yea.ﬂy ﬁgures or annual avemga milhons of passenger—kilometers or ton-ldlometers)

Southern System . . | I Nox{thSysmn__-r} o S
Periods s “Traffic ‘Traffic
o ~ Freight Passengers  Baggage Units Ftexght Passengers Baggage Units . Units‘
19281930 938 815 18 - 1,440 ~4s" 89 S | 67 .. 1,507
1831-1938 731 . 706 11 1,166 | -42 87 .1 85 - 1,281
19341985 998 ‘921 14 " 1,565 S 85 1 100 1,665 - -
1936-1940 1,266 1,002 - 18 1;089 78: 66 1 119 2,058 -
1041-1945 1,620 1,541 = 22 - 2,567 "84 © 89 1 188 © 2,705
1946-1950 1,602 1,882 18 2,449 87 76 1 134 = 2,58
1951-1955 1,781 1,673 = 26 2,811 104 . 88 2 165 2,976
1956 1,735 2,168 e 8,061 - 184 136 T e 268 . 8,329
1957 1,470 2,011 25 2,702 197 - 187 2 281 . 2,983
1958 1,500 2,055 T - 2,757 e C182 2 283 8,040
1959 1,518 2,062 26 2,781 - 1 - 2 842 8,128
1960 1,284 1,644 21 2,241 S05 141 2 892 2,633
1961 1,157 1,545 18 2,102 270 . 128 2 . 849 2,451 -

Source: Annual Report for 1961, Chilean State Railways.
& Northern u:d Soutbern Sy:

b Ton-kil ofr freight and baggage plus 60 percent of passenger-kilometers.
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the problem is a national one and not occasioned by the rolo of the
Railways as a state enterprise. Nevertheless, new investments which
would permit a reduction in the number of railway workers will, in the
long run, permit a reduction in this cost item, so that this potential
benefit should be considered in the evaluation of the Railways’ mod-
ernization program.

Traffic and Average Revenue

An analysis of the behavior of the costs of the State Railways over
the 14-year interval is of little value unless traffic changes are con-
sidered. Table XII-3 presents the general development of traffic in the
Northern and Southern Systems from 1928 to 1961 and combines
metric ton-kilometers and passenger-kilometers into “Traffic Units,”
defined as metric ton-kilometers of revenue freight and haggage plus 60
percent of passenger-kilometers.’* It can be seen that the traffic in the
triennium 1956-58 was high when compared with the 33 years presented
in the table.

Table XII-4 compares specifically the traffic in 1945 with that in
1956-58, in tons and number of passengers, in ton-kilometers and pas-
senger-kilometers, and in traffic units.’* If it is assumed that the
“Traffic Unit” as defined above represents a reasonable relationship

* This relationship, obviously arbitrary, between freight and passenger traffic is
used by the Chilean State Railways. The justification given in the Annual Report
for 1658 (page 9) for this particular weighting is as follows: “In place of the
traditional traflic units, which were obtained by summing the ton-kilometers and
the passenger-kilometers, these new weighted units are used which, according to
international statistical averages, represent, with the weights indicated for passen-
ger-kilometers, a more realistic proportionality in relation to the gross ton-
kilometers of freight, baggage, and passengers.”

It is of course clear that the weights used should reflect the objective of the
analysis, as no single set of weights will be useful for all purposes. For the
analysis being carried out here, of the tendency of unit costs over time, the
weights should reflect the relative cost to the Railways of transporting one passen-
ger one kilometer compared with that of transporting one ton of freight one
kilometer, It is likely that for this purpose a higher weight should be given to
passengers,

“In Table XII-4 the traffic figures for livestock in 1945 have been adjusted
by the author to make them more consistent with the statistics for 1956 and the
following years. The original 1945 traffic figures for livestock in the Southern
System were 287,216 metric tons and 96,962,634 ton-kilometers. The adjusted
figures represent rate ton-kilometers and rate tons. No adjustment was made for
the Northern System because of the slight incidence of livestock trafic. No
adjustment in either system was made in Table XII-3.



TapLe X114, Chilean State Railways. Traﬂfic and Average Rates,
'»1945 and 1956-58 5

o 1045 t " 105688 (Angual Average)
Tons or 3‘0;-1(1:11: Average Tons or :ogfu.mt Average
Pamsenges  © P Rajsor  Passengers Rate or
ooy  EecKme  Tp e ©og)  ErKma o Cp e
(000,000) o (000,000)
Fnizlm
Southem Sylum
-. Agricultural Products 1,550 484 5.2 | 1,078 309 17.2
Forestry Products 877 858 21.8 589 201 2.3
- Livestockb 408 187 1.2 . 818 101 7.8
. Minera! Producta 1,787 415 : 8.6 1,098 440 20.8
" Manulactured Products 1,120 810  42.3 1,100 808 28,1
Miscellaneous 388 104 47.7 — — —
Total Revenue Traffic 6,180 1,828 28,8 5,078 1,508 28,7
Own Traffic 586 154 -—_ 817 211 -~
- Total Southern System 6,718 . 1,082 _— 5,805 1,79 —_
Northern System
Mineral Products nt 88 80.8 2,060 161 27.8
Other Products 19 44 41.8 86 2% 20.8
- Total Revenue Traffic 038 82 0.5 2,140 184 27,0
Own Traffic &8 10 —_ 28 8 -
Total Northern System 904 [ - 2,17 102 —
Baggage (Itevenue Traffic): ) .
Southern System [} 23 120.1 70 28 82.0
Northern System 5 1 181.6 [ 2 119.8
Total Baggage ' 70 24 125.6 75 27 85.0
Passengens:
Bouthern Syatem ' 22,470 1,428 13.8 24,851 2,078 6.5
Northern System 1,040 85 10.6 067 152 6.3
Total Passengers 28,525 1,518 18.8 25,818 2,230 6.8
Traffic Units:®
Southern System 2,708 2,840
Northern System 134 T
Total Traffic Units 2,8!8 s, 117

Source: Annual Reports of the Chilean State Railways,

* Thousands of escudos of 1961 per ton-kilometer or per passenger-kilometer,

b Adjusted by the author for 1045,

© Ton-kilometers of revenue freight and baggage plus 60 percent of passenger-kilometers,
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between freight and passenger traffic from the point of view of costs
incurred, then the average operating cost per traffic unit fell from
0.0215 escudos in 1945 to 0.0200 escudos in 1956-58. If it is believed
that passenger traffic should be weighted more heavily than is done in
the definition of traffic units used by the Chilean State Railways, then
the fall in the average unit cost would be even greater, as passenger
traffic increased relatively more rapidly than freight traffic. It is thus
difficult to justify the necessity for a crash investment program in 1959
on the basis of increasing operating costs, at least comparing average
operating costs of 1945 with those for 1956-58. Although it may well
be true that costs were high in 1945, in that year the Railways showed
a considerable “operating” profit.

A detailed analysis of traffic is also essential to explain the deteriora-
tion of revenue between 1945 and the triennium 1956-58. It can be
seen in Table XII-5 that the loss in revenue between the two periods
is concentrated in the transport of Agricultural Products and Manu-
factured Products (including the products not classified in 1945) in the
Southern System and in the transport of passengers in both systems.
The revenue loss from these traffics totals 21.1 million escudos, which
is more than the fall in total revenue of 19.8 million. Even adding the
specific government subsidy of some 2.6 million escudos for agricultural
products and perhaps one million for specifically subsidized passenger
fares, the fall is of great importance in explaining the worsened finan-
cial position of the State Railways.

A brief glance back at Table XII-4, in which a comparison is made
of traffic and average rates between the two periods, is sufficient to
see that the revenue deterioration can be explained but little by an
actual loss of traffic. Although ton-kilometers of Agricultural Products
in the Southern System fell 36 percent, Manufactured and Miscellane-
ous Products fell only 4 percent and passenger-kilometers in both sys-
tems actually increased 47 percent. Total traffic, measured in traffic
units (as defined previously), increased in both the Northern and
Southern Systems: from 134 million to 277 million in the first and from
2.7 billion to 2.8 billion in the second.

The real key to the deterioration of total revenue is found in the
fall of average rates and fares. According to Table XII-4, the average
freight rate per ton-kilometer paid by the public for the transport of
Agricultural Products in the Southern System fell 32 percent over the
period, while that for Manufactured Products fell 41 percent. The
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TABLEXH-5 Chilean State Ratlways: Total Revenue, 1945 and 1956-58
(Thouands of wendosof 100)

TSI T S . 105688 -
T - o 1045 B  (Annual average)
Freight:
Southern System - k
Agricultural Products 12,200 5,804
Forestry Products LT, 5,800
Livestock 8,880 4,366
Mineral Products 10,602 11,535
Manufactured Products 18,114 9,015
Miscellancous 4,060 -
Total Southern System 51,990 86,929
Northern System )
Mineral Products 1,142 4,478
Other Products 1,848 614
Total Northern System 2,990 5,002
Total Freight 54,980 42,021
Baggage:
Southern System 2,800 2,045
Northern System 244 228
Total Baggage 8,050 2,268
Passengers;
Southern System 18,961 18,411
Northern System 1,419 032
Total Passengers 20,880 14,808
Total Revenue 78,419 58,652

Bource: Traflic Statistics, Annual Reports of the State Railways.

® The revenue figures presented in this table differ from those presented in Table X1I.1 puncipally because
Table XII-1 includes within the traflic revenue in 1056-58 the revenue from a aubsidiary bus line between
Coquimbo and La Serena (E° 112 thousand) and the specific subsidies paid by the government for the transport
of certain commodities and aubsidized fares for students and teachers (E° 4,388 thousand),

average fare per passenger-kilometer in both systems fell 52 percent.
Although the average freight rate for some products actually increased
over the period in the Southern System, namely Forestry Products,
Livestock, and Mineral Products, these increases were insufficient to
maintain the average rate for all revenue traffic, which fell 17 percent,

In order to obtain a better impression of the importance of the fall
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in average rates (which, incidentally, cannot be explained by an in-
crease in the distance the average load is transported), the annual
traffic over the period 1956-58 was re-evaluated by applying to it the
average freight rates and passenger fares of 1945, Had it been possible
to maintain those rates and fares, average total revenue in 1956-58
would have been 84.4 million escudos instead of 58,65 million.

If the deterioration of average rates and fares is the key to the
present financial problems of the State Railways, it is extremely im-
portant to determine whether present rates are low because of govern-
ment policy (to hold down increases in the cost of living or for other
reasons) or because the Railways themselves have been forced to re-
duce rates in order to compete with other transport media, especially
trucks and buses. Although it is true that for periods of time the gov-
ernment has frozen rates and fares (from 1959 to 1962, for example),
it is unlikely that this has been a “prime cause” over a long period of
time. Even during the period 1959-62, when theoretically rates and
fares were unchanged, average rates were reduced by the State Rail-
ways through the reclassification of the category of many products.

Competition from Highways

It would not be surprising if the Chilean Railways have been sub-
jected to increasing highway competition since the end of the Second
World War, as this, after all, has been a worldwide phenomenon.
Chile’s vehicle stock has increased greatly in the postwar era: between
1945 and 1958 the number of automobiles increased 89 percent;
buses,*® 100 percent; and trucks of all types, 183 percent. In the same
period, the production of goods increased 44 percent.** Because the
State Railways transport a relatively small quantity of goods and
passengers, the impact of the increase of motor vehicles on the rail-
ways has been of overwhelming importance. According to a recent
estimate by the Undersecretariat of Transport, 33 ten-ton trucks could
have transported all the nonmineral freight in the Northern System in
1961 and 64 buses all the passengers in the same system. The continued
improvement in the country’s highway network has added to this com-
petitive pressure.

# Including both urban and interurban as no breakdown is available.

% Production of the agriculture, forestry, mining, industry, and construction
sectors. Corporacién de Fomento de la Produccién, Cuentas Nacionales 1940-49
and Cuentas Nacionales 1950-1960.
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“;+1t appears to be undeniably clear that the deficit financial situation
‘of the State Railways in 1958 was due tc attempts to maintain histor-
‘{cal traffic through rate and fare reductions in the face of a worldwide
revolution in highway transport, They did not accept the revolution
and adjust to it by sloughing off unremunerative traffic (such as pas-
sengers and less-than-carload freight) to the highways and abandon-
ing low density branch lines in both systems and large stretches of the
main line in the Northemn System. Instead the Railways, abetted and
even pushed by the government, fought to maintain a railroad struc-
ture appropriate for the times when they had a near-monopoly on
Chile’s transport.

Under these circumstances, a massive investment program to reno-
vate and modernize the Railways is likely to be disastrous. Unless a
clear idea has been formed of the proper role of the Railways within
an integrated transportation structure, which inevitably would signify
a substantial loss of traffic and the abandonment of way, the invest-
ment program is likely to freeze the existing railroad structure and to
impede this essential adaptation to the modern world. At best the
program, if carried through as originally planned by the government
(against the desires of the Railways in some instances, it must be
added), would result in substantial excess capacity in the Railways?®
and would necessitate sharp restrictions on highway transport, espe-
cially through tight controls on truck and bus imports.

This policy, of course. is not unheard of in other parts of the world,
even in countries which produce motor vehicles, such as England, Ger-
many and the United States. Whether it is the policy to recommend
to an emerging country, even though motor vehicle, fuel, tire, and
spare parts imports are an important component in Chile’s uneasy
balance of payments, is extremely doubtful. In order to recommend a
policy of restricting highway transport to maintain a higher utilization
of railroad capacity (as opposed to reducing railroad capacity), one
would have to be convinced that: (1) the total cost of transporting by
highway (alone or in combination with other media) all goods and
passengers presently transported by railroad (o~ to be transported in
the future) is higher than the cost by railroad after realizing the rail-
road investments;* and that (2) the long-run marginal cost of trans-
porting additional goods by railroad is lower than that by highway.!!

“The Rallways estimated that the investment program would increase total

capacity by 42 percent.
*The problem is somewhat more complicated because consideration would also
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Justification of Railroad Renovation

Neither of these two questions was raised when the Chilean govern-
ment made its decision to embark on a modernization program, Ap-
parently the only memorandum considered by the government in which
the costs and benefits of the proposed investments were studied is
dated September 1959, when the original zailroad renovation program
was announced officially.’® At that time the program was expected to be
completed within five years, over the period 1960-64, and contem-
plated a total investment of $112.5 million and 90.5 million escudos
of 1959.2 Converting the national currency to dollars at the then of-
ficial rate of 1.05 escudos to the dollar, the total program amounted to
$198.7 million, The September memorandum states that the dollar value
of assets of the State Railways in 1957 was only $400 million, so that
the significance of the proposed program is obvious.

In order to quantify the cost reductions which these investments
would make possible, the authors of the September memorandum
analyzed the 1959 Railways budget item by item, asking the following
question: “Had the proposed program already been carried out, so
that in 1959 the Railways would operate with a new way, new loco-
motives, new rolling stock, etc., what would have been the budget in
that year?” The authors’ conclusion was that the saving would amount

have to be given to the possible impact on the costs of highway transport were
the projected railroad investments to be applied there.

"It may well be that the marginal cost of carrying some types of additional
cargo by railroad is lower than the cost by highway, but at the same time the
railroad marginal cost for some goods it is already carrying is higher than the cost
by highway. In this case an affirmative answer to both questions is still consist-
ent with the diminution of railroad capacity.

*The transportation section of the Ten-Year Development Plan, prepared by the
Chilean Development Corporation, was not completed until June 1981, when the
Railways investment program was already well underway.

*The main components of the September 1959 program, in millions of dollars
and millions of escudos of 1961, follow: electrification of the main line from
Santiago to Chillén, including substations and locomotives (already contracted
for in 1959), $25.8 and E° 5.1; complete renovation of 1,008 kilometers of way,
$21.1 and E° 34.3; centralized traffic control from Talca to Puerto Montt, $8.1
and E° 64; communications network, $0.9 and E° 0.4; replacement of 5,000
freight cars and 500 coaches and baggage cars, $9.0 and E° 62.0; 82 diesel loco-
motives for switchyards and branch lines, $13.2; 195 diesel locomotives for the
Southem System, with repair shops, $32.3; machinery, tools, etc., $2.3 and
E® 0.8. Total program, $112.5 million and E° 108.8 million of 1961,
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to 19 million escudos of 1959 (23 million in escudos of 1861), includ- -
ing the saving through reduction in personnel of 3,210 persons and
would represent 27 percent of the 1959 budget.

- In the quantification of the impact of the investmants on the financial
situation of the Railways, the memorandum assumed an alternative
‘increase in revenue of from 5 to 8 percent a year, although a 3 per-
cent increase would have been optimistic and a reconsideration of the
proper structure of the Railways might well have led to a net decrease.
‘Or the basis of the assumptions regarding revenue and possible cost
reductions, the memorandum reached the conclusion that by 1965 the
Railways could produce a surplus of between 2.5 and 6.2 millions of
escudos (of 1961), if the investment program were to be carried out.

It has not been the purpose of this description to criticize the over-
simplified analysis of a complex problem but to point out that, appar-
ently, at no time were fundamental questions, such as the proper role
of railroads within an integrated national transport structure, seriously
considered. The approach used in the September memorandum is that
of traditional project analysis and is inadequate for a basic structural
‘decision. No comparative cost analysis was carried out to determine
the relative advantages of road versus rail. No historical analysis was
included of the development of the Railways’ own costs and revenues
to determine if massive investments were really the cure for the con-
tinuing and increasing deficits. Under these circumstances the decision
to invest was a dangerous one, filled with far-reaching implications
‘which could plague the Chilean economy for decades in the future.

Cost of Highways as Alternative to Railroads

- Although cost information which would permit an analysis of the
'kinds of traffic appropriate for the State Railways is not as yet avail-
‘able, it is possible to consider one of the basic questions raised previ-
ously: would it be more economical for the economy to transfer all
the fréight and passenger traffic presently transported by rail to al-
‘ternative transport media? Using the year 1961 as a basis, an attempt
will be made to answer this question.®

* The estimates which follow were prepared with Carlos Hurtado and are pub-
lished with more detnil in Carlos Hurtado and Arturo Israel, Tres Ensayos sobre el
Transporte en Chile (Santiago, Chile: Instituto de Economia, 1964), pp.. 1-27.
For more analysis of the comparative cost of transporting passengers by road and

‘by rail, see Robert T. Brown and Carlos Hurtado, Una Politica de Transportes
para Chlle (Santingo, Chile: Instituto de Economfa, 1863), pp. 20-22. :
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- The analysis is restricted to the Southern System and only compara-
tive highway and railway costs will be examined. Separate estimates
are made for carload freight, less-than-carload freight, passengers, and
baggage. An estimate is also made of the share of highway construc-
tion and maintenance costs assignable to trucks and buses on the basis
of gross ton-kilometers of vehicles using the intercity highways. Using
alternative assumptions regarding the 1tilization of truck capacity for
the transport of carload freight and allowing for unanticipated costs in
the case of passenger transportation, high, “realistic,” and low esti-
mates of total alternative highway costs were calculated. The results
are presented in Table XII-6, and the detailed derivation of the figures
is presented in the appendix.

TasLe XII-6. Hypothetical Cost of Transporting by Highway all Rail-
way Traffic of the Southern System in 1961

{Millions of escudos of 1961)
Low “Realistic” High
Estimate Estimate Estimate

Carload Freight 86.80 40.00 45.76
Less-than-Carload Freight 4.55 4.55 4.56
Baggage Lo ) - 0.67 0.67 0.07
Passengers 14.865 17.20 17.20

Net User Cost of Highways 7.81 7.81 7.81
Total 63.68 70.63 75.49

Note: For derivation of these figures see the Appendix,

The table shows that the estimates of the cost of transporting by
highway all the traffic of the Southern System of the State Railways in
1961 range from 63.68 million escudos to 75.49 million,

In the annual profit and loss statement, the State Railways separate
the costs of the Northern and Southern Systems. The following table
presents both costs from the 1961 statement and adjusted cost figures.
The adjusted costs reflect the impact of a hypothetical increase of 50
percent in the exchange rate and a reduction of more than 40 percent
in the cost of the coal consumed. These costs were adjusted to account
partially for the difference between private and social costs.

The result of the comparison of the costs of railway transport with
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the hypothetical costs of highway transport is so dramatic® that it is
‘necessary to remember the purpose of the comparison before continu-
ing the analysis. The comparison is of no value for deterniining whether
or not Chile should have a railroad. For that decision it would be
necessary to determine the cost of transporting by railway that traffic
for which it has a relative advantage and under conditions of operat-
ing efficiency. The comparison does show the danger of launching a
massive investment program which would freeze the present structure

Accounting Costs Hypothetical Social

Published by the Costs
Costs State Railways .
(millions of E°) (millions of E°)
Operating Costs 64.29 65.01
Pensions 9.71 9.71
Severance Pay 3.28 8.28
Financial Costs i 2,40 2,40
Depreciation 14.78 16.99
Difference with Book Value
of Eliminated Assets 0.09 -
Insurance on Freight 0.43 —_
Total 94,98 97.89

of railroad transport without carrying out the type of analysis which
has been presented here. If it is true that trucks and buses could have
transported at a cost of between 64 and 76 million escudos the traffic
transported by railway at an adjusted cost of 97 million escudos, it is
obvious that the basic structure of the nation’s transport should have
been subjected to a searching criticism before investment decisions
were made.

Referring now to the railroad cost figures just presented, it is clear
that despite the adjustments made for the undervalued exchange
rate, the overvalued coal, and the elimination of the last two items,??
they are still not directly comparable to the cost estimates presented
for highway transport. Not all the differences between social and

# A somewhat similar study of Class I Railroads in the United States in 1950
concludes that for the same cost for which the railroads could transport 567
billion revenue ton miles, trucks could transport only 414 billion revenue ton
miles, See John R. Meyer et alia, The Economics of Competition in the Trans-
portation Industries (Harvard University Press, 1959), pp. 159-165.

B Insurance on Freight was eliminated because it was not included in the
highway transportation costs, It does represent a social cost.
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private costs have been considered, and social costs, rather than pri-
vate costs, are of primary interest in making investment decisions,

" In the determination of the highway transport costs two adjust-
ments were made to increase private costs so as to approach the social
costs: the cost of imported inputs was increased by 50 percent to take
into account the undervaluation of the dollar in that year and an esti-
mate was made of the uncovered “user cost” of the highways. Other
possible adjustments were not made. The social cost of the construc-
tion of highways, which involves considerable unskilled labor, was un-
doubtedly less than the private cost of 50 million escudos. Tires, an
important input in highway transport, are subject to heavy import
duties to protect the domestic tire manufacturer. The “normal” taxes
[ id by the truck and bus companies were included in their costs;
only the “extra” taxes were subtracted from the total cost of construc-
tion and maintenance of highways.

Similar qualifications should be considered in regard to the railroad
costs. In addition to an obvious excess of personnel in 1961, the aver-
age wages paid to the unskilled railroad laborers exceed the general
average in the economy. The costs of depreciation may also be exag-
gerated, as insufficient depreciation was charged in the past and pres-
ent book value is high. It is also possible that included in the financial
costs are items which do not correspond to social costs.

In addition, railway traffic in 1961 was considerably below that in
previous years; had it been higher, the cost by highway would have
been nearly proportionally higher whereas the cost by railroad would
have changed much less than proportionally. On the other hand, the
transfer of all traffic to the highways would permit door-to-door serv-
ice, and shippers could avoid the cost they now incur for transporting
goods to the railroad station and transferring them to freight cars.
Besides avoiding this direct cost, shippers would benefit by faster

service,

Renovation and Railroad Costs

The final question to be considered is the impact of the proposed
investment program on the costs of the railways. If the State Railways
had carried out the modernization plan as originally conceived, would
it have reduced the annual costs to a level below the alternative cost
of transferring all traffic to the highways?
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*It ‘was noted above that the 1959. memorandum which analyzed the
;economic benefits of the proposed program predicted annual savings
of 27 percent of the 1959 costs. Applying this percentage to the 1961
‘total of Operating Costs, Pensions, Severance Pay, and Financial Costs,
as adjusted according to the preceding discussion, a total saving of
- 2171 million escudos is obtained. Without considering any increase in

- Depreciation or interest payments as a result of the massive invest-
- ments, total cost (as adjusted) would have fallen from 97.39 million
eescudos to 75.68 million, as compared with the high estimate of 75.49
million escudos as the cost of realizing the same transport by highway.

The cost reduction of 27 percent in the 1959 memorandum, further-
more, is concentrated in four principal items: electrification of the
main line from Santiago to Chillin (3%), replacement of steam loco-
motives from Chillén to Puerto Montt by diesel locomotives (7%), in-
stallation of centralized traffic control (2%), and “elimination of stations
- on branch lines and modification of services” (10%). The principal sav-
. ing associated with the first two items is the saving on the cost of coal
by using either electric or diesel locomotives, As has already been
noted, the social cost of coal is far less than the price paid by the rail-
-roads. The fourtk item is apparently quite unrelated to the investment
~ plan, as it is possible to close stations on branch lines and make other

““structural” changes without the kind of investments propesed in 1959.
- -For these reasons, it does not seem appropriate to apply the cost sav-

ing of 27 percent to the 1961 costs. :

- The modernization program should result in reductions in operating
costs, however, and perhaps a significant part of the proposed program
could be justified in terms of these reductions. Furthermore, the Rail-
ways had been decapitalized over a considerable number of years, and
~ some investments (especially in the way) were necessary if the Rail-
‘ways were to continue operating, It should be noted, however, that
most railroad modernization investments do not in themselves reduce
~ costs, but they make cost reductions possible, Only when the payrolls

~are cut, trains eliminated and stations closed are these reductions
. realized, Surely little is gained by replacing aged freight cars if the
. maintenance shops keep on all the mechanics. (It is for this reason that
the author has a personal bias toward investments which increase the
. productive capacity of an underdeveloped economy in preference to
. those which might reduce costs.) , o
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Conclusions

In summary, the thesis of this paper is that a decision to construct a
national railroad is fundamentally different from a decision to con-
struct either a highway or a port. A port or a highway investment de-
cision is similar to a decision to build a branch line on an existing rail-
road or to replace locomotives or rolling stock. These are marginal in-
vestments and can be evaluated using traditional project evaluation
techniques. If the decision is erroneous, the economy suffers a loss, and
if the erroneous port or highway investment decision involves a sub-
stantial part of the total investment budget, the loss will be important,
For the reasons outlined at the beginning of the paper, however, er-
roneous decisions in these transport media are not likely to distort the
basic transportation structure of a nation for any great length of time.

The same cannot be said for an erroneous decision to build a rail-
road, unless the railroad should be a short line dedicated to a specific
traffic, such as transporting ore from a mine to a port, in which case it
is not essentially different from a port or a highway project. A decision
to construct a national railroad fixes the structure of a nation’s trans-
portation for a long period of time. This is especially true when the
railway is state-owned and where political considerations shape the
economic decisions, If the railroad decision is erroneous, the entire
economy pays a heavy price for many years.

Chile in 1959 decided to renovate and modernize a large part of the
existing lines of the State Pailways. Because of the magnitude of the
investments involved, this decision was not basically different from
that in another country to construct a railway. It has been the conten-
tion of this paper that the justification which was made in 1959 and
confined narrowly to the rcost saving which the investments would per-
mit was inadequate. Chile, in effect, was making a “structural” de-
cision, and a “structural” analysis was essential to justify the decision,

Two studies of the type which should be carried out when a “struc-
tural” decision is made are presented in the paper. According to the
conclusions of the first study, the basic cause of the financial difficulties
of the State Railways has been the attempt to maintain historical traffic
levels by cutting rates and fares to meet increasing highway competi-
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tion, There are obvious dangers in a massive investment program
which freezes the railroad structure without coming to gnps with the
competitive problem.

The second study estimates the probable social cost of transportmg
-by highway all the traffic of the Southern System of the State Railways
in 1961, Although the costs by highway were systematically overesti-
‘mated and those by railway underestimated, the results clearly indi-
cated that the cost of transporting all railway traffic by highway would
have been no greater and probably significantly lower. Again a basic
‘structural defect in the nation’s transportation network is obvious.

" A third study, which should follow the two preceding ones, would
try to determine precisely what should be the proper role of railroad
transport within an integrated national network. For this study de-
tailed cost information is essential: both present costs, sector by sec-
tor and service by service, and the change in these costs which would
result from different alternative investments. Only after the completion
of these studies, as a minimum, would the country have been in a
position to make a decision as momentous as the one described,



Appendix: Hypothetical Cost of Transporting by Highway
all»Railv_vay'iTraﬂicpf_ the'Southern System of the Chilean
State Railways in i961. ~ =~ | |

Carload Freight

In order to estimate the theoretical cost of transporting by truck the rail-
road carload freight, it is necessary to make assumptions regarding the
probable utilization of truck capacity. The basis for these assumptions was
an analysis of the railway trafic flows in each of the sixty-nine separate
sectors in which the entire Southern Network was divided. The difference
between the north-south and south-north traffic in each sector represents
the theoretical minimum of empty haul, which can be expressed as a per-
centage of the freight actually transported. The sixty-nine sectors were
then aggregated into six zones in which it would be expected that the
conditions of truck transport would vary from zone to zone but not within
the zones.

As these theoretical estimates of minimum empty haul are exceeded even
by the railroads, among other reasons because of the use of specialized
equipment and because the transport on which the estimates are based is
not carried out at a point of time but rather over a year, it is clearly neces-
sary to increase them substantially before applying them to truck trans-
port. The degree of increase is arbitrary, and for this reason three separate
estimates were made, thus providing the basis for three alternative esti-
mates of the cost of transporting by truck the railroad carload traffic, For
the low estimate of this cost, the theoretical minimum empty haul was in-
creased in the six zones between 12 and 23 percent; for the “realistic”
estimate, between 39 and 45 percent; and for the high estimate, by 100

ercent,

d By adding the estimated empty haul to the observed ton-kilometers of
freight transported by railroad, the amount of capacity which the trucks
theoretically would have to provide was obtained. The ratio between the
ton-kilometers of freight to be transported and the ton-kilometers of ca-
pacity provided corresponds to the traditional concept of utilization of
the trucks’ capacity. This percentage varied from zone to zone and among
the three estimates of the costs between 44 and 77 percent,

In order to determine the number of trucks necessary to transport all
railway freight, the point of departure was the relationship between the
railway traffic in the peak month of March and the total for the year. For

271
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‘the three-year period 1958-80 the March traffic was 10.59 percent of the -
annual railway traffic. By applying this percentage to the total ton-capacity-
kilometers which would have to have been created by the trucks in 1961,
it was possible to determine the maximum ton-capacity-kilometers to be
created in the peak month in each sector. , ,
" It was then arbitrarily assumed that all the truck transport would be
carried out by 8-ton and 18-ton trucks. The distribution of the total ton-
capacity-kilometers in each sector between the two truck types was also
arbitrary; for the principal sector Santiago-Puerto Montt it was assumed
that the 8-ton trucks would account for 20 percent of the peak month’s
ton-capacity-kilometers and the 18-ton trucks the remaining 80 percent.
For the principal transversal lines, such as Santiago-Valparafso, it was as-
sumed that the distribution would be 40 percent for the 8-ton trucks and
60 percent for the 18-ton trucks. For the remaining transversal lines the
distribution was 70 percent for the 8-ton trucks and 30 percent for the
18-ton trucks.

An estimate was then made of the number of kilometers which the two
truck-types could accumulate in the peak month. This estimate varied from
sector to sector and both a high and low estimate were made. For the
sector Santiago-Puerto Montt the estimates for the 8-ton trucks were 11,200
and 9,450 kilometers, and for the 18-ton trucks 10,800 and 9,300 kilo-
meters. By multiplying these kilometers by the capacity of the two truck
types, the different estimates of the ton-capacity-kilometers per truck in
the peak month were estimated, By dividing the total ton-capacity-kilo-
meters to be provided in the peak month in each sector by the ton-capacity-
kilometers produced by each truck, it was possible to make high, “realistic,”
and low estimates of the number of trucks required in each sector. The
total number of 8-ton trucks varied. from 600 to 871 and the 18-ton trucks
from 713 to 1,017,

' By comparing the number of trucks needed for the peak month with the

total annual ton-capacity-kilometers calculated above, the average kilo-
meters per year per truck were estimated. In the sector Santiago-Puerto
Montt this varied from 89,250 to 105,750 kilometers for the 8-ton trucks
and from 87,778 to 102,000 kilometers for the 18-ton trucks. In the other
sectors the results were smaller.

In order to estimate the costs it was assumed that the typical trucking
company has a capacity of around 60 tons (for example, five 8-ton trucks
and one 18-ton truck). It was also assumed that the trucks use only paved
roads. No insurance on the freight was included nor the costs of loading
and unloading. On the basis of these assumptions and a recent study of
truck costs made by the Institute of Economic Research of the University
of Chile, the cost per ton-kilometer of freight transported and the cost per
ton-capacity-kilometer were calculated. It was noted earlier that the ex-
change rate in 1961 overvalued the escudo in relation to the dollar. For

this reason those parts of the truck costs which represent imported inputs
“were increased by 50 percent. ' o ' o
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"~ For:the - SeCfbri'-‘Siéﬁ;tiag;q-?ﬁéﬁoji'ji\léﬁttq the -results: were ‘as follows :(in
escudos'of 1061): i 7 T T S

Estimated Cost per Ton-Capacity-..  Estimated Cost per Ton-Km. of

.. . .. KmProvided " Freight Transported
Trucksof ~ High  Realistic =~ Low = High Realistic '~ Low
8Tons = 0.02754 ~ 0.02783 ' 0,02788 - 0.05301 0.04780  0.04242
18-Tons - 0.01998 0.02015 - 0.01068  0.03830 0.034R7 0.03081

Multiplying the cost per ton-capacity-kilometer by the total ton-capacity-
kilometers which highway trucking would have to provide in order to' ab-
sorb the railroad carload freight, the total cost to the truckers was esti-
mated. e C S

Less;than-Cafload Freight

In order to estimate the cost of transporting by truck all the less-than-
carload (LCL) freight and baggage transported by the State Railways in
the Southern System in 1961, it was assumed that 8-ton trucks would be
used. It was also assumed that these trucks would utilize only 50 percent
of their capacity and that they would operate only 73,750 kilometers an-
nually. On the basis of these assumptions, the average cost per ton-kilo-
meter of LCL freight and baggage transported would be 0.0551 escudos,
a most prudent estimate when it is considered that during 1961 truckers
transported these types of products at rates around 0.030 escudos per ton-
kilometer.

Passengers

Both a high and a low estimate were made of the cost of transporting
by bus the passengers carried by railway in 1961. The low estimate was
made by taking the passenger fare per kilometer in Pullman buses in 1961
(which was considered to be remunerative) and adding 23 pezcent for the
effect of an increase in the exchange rate of 50 percent. The high estimate
was formed by arbitrarily adding an additional 20 percent to the low esti-
mate. Both estimates are_ high, as the Pullman fare is already 30 percent
higher than the first-class bus fare and 70 percent higher than the second-
class fare. If all railroad passengers were transferred to buses, obviously
many of them would travel first or second class rather than Pullman.

Highway Construction and Maintenance

' ‘The estimate of the part of the cost of the construction and maintenance
of highways which could be allocated to the trucks and buses which would
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" ahsorb: the railroad traffic is considerably more arbitrary than the preced-
:Ing estimates.?® An earlier study of the Institute of Economic Research
- showed that the total expenditure on interurban highway construction and
maintenance in 1961 was 50 million escudos. This figure was arbitrarily
increased by 15 percent to take into account the undervaluation of the
dollar, so that the total cost was increased to 57.5 million escudos. It was
then estimated that the total gross ton-kilometers in interurban transport
by all vehicles in 1961 amounted to perhaps 14.88 billion. Using gross ton-
kilometers as the basis for distribution, it was estimated that the share of
trucks and buses within the total cost of 57.5 million escudos was 47.77
million.
.. Trucks and buses in 1961, however, paid an estimated 11.95 million
escudos in special “user taxes,” corresponding nearly exclusively to differ-
ential taxes on gasoline and diesel oil. Had the cost of these fuels been 50
percent higher in 1961 as a consequence of a realistic exchange rate, as was
assumed in the cost estimates, the user taxes would have amounted to 17.81
million escudos. Subtracting these taxes from the share of construction and
maintenance costs of interurban highways corresponding to these same
vehicles, the net “subsidy” which they received was 29.98 million escudos.
Dividing this “subsidy” by the total gross ton-kilometers of trucks and
buses in 1961, the “subsidy” per gross ton-kilometer was 0.002424 escudos.
An estimate was then made of the gross ton-kilometers of highway trans-
port were the railway transport to be transferred to the highways according
to the analysis above. The results were as follows:

Gross Ton-Kilometers

(thousands)

Carload freight 2,246,524
Less-than-carload freight 185,888
Baggage 41,108
Passengers 540,748
. Total 8,014,208

By ‘multiplying" the net “subsidy” per gross ton-kilometer as calculated
above' by -the' total ‘gross- ton-kilometers ‘resulting from the transfer of the
railroad traffic, a total “subsidy” of 7.3 million escudos was obtained.

--.* Some of the most important assumptions used in the estimate follow: (1) Total
construction and maintenance costs were used with no analysis of the relation
between this figure and the part which can justifiably be charged to highway
users in any given year. In this regard it should be noted that both construction
and maintenance expenditures have been considerably higher in recent years than
in the past. (2; Total costs were distributed among highway users on the basis
of gross ton-kilometers, with no analysis either of marginal social costs or of the
distribution of benefits, (3) The same net “subsidy” per gross ton-kilometer was
assigned to the hypothetical traffic transferred from the highways, with no regard
to marginal costs.
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Strategy for Mobility
By Wilfred Owen

The twentieth century revolution in trans-
portation has awakened us to the relation
between poverty and the lack of mobility.
While jet planes speed travelers around the
world, enormous energy is being dissipated
in vast underdeveloped areas in the task of
getting things moved,

How does transport influence develop-
ment? How can nations determine their
transport needs? What kinds of transport
would be best, how should they be financed
and administered? What role can foreign as-
sistance play? In short, what must be done to
achieve the minimum standards of trans-
port needed for raising the level of living in
low-income countries?

Drawing on his firsthand observation of
transport programs throughout the world, the
author considers these questions and shows
how, in some instances, the failure to provide
adequate transport has been the major miss-
ing element impeding economic progress, and
in others how transport facilities have failed
to make an effective contribution because
they were poorly conceived or ineflectively
linked with broader development objectives.
His proposals for a better transport strategy
stress the role of international cooperation
and the stake of the developed countries in
the progress of the newer nations.

A member of the Brookiigs staff, Wilfred
Owen is the author of numcrous articles and
books, including Cities in the Motor Age and
The Mertropolitan Transportation Problem.
He has been a member of the Harvard Ad-
visory Service in Pakistan, consultant to the
Economic Commission for Asia and the Far
East, and has participated in transport sur-
veys in Colombia, Japan, and other countries,
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QUIET ‘CRISIS IN INDIA |
Sconomic Development and American Policy
“John P. Lewis

The decade of the 1960's is plainly the crucial one for the Indian de-
velopment experiment, both economically and polmcally Accomplish-
ments during these years will largely determine India’s future and will
have a significant bearing on the future of other Asian and African
‘nations, Because of India’s determination to bring about radical eco-
nomic change by constitutional procedures, her development program‘
is of special concern to American policy makers as well. :

John P. Lewis, whose research included a year’s study in India, givesa.
firsthand account of the effort being made to speed up the development
of the Indian economy.

“This . . . clearly reasoned volume is a handbook to Indla s economic
devclopment and America’s strategic stake in it.” New York Times.

“It is going to be difficult to better this masterly treatment of many
of the issues raised by Indian economic development.” Journal of Political

Economy
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BRAZIL'S DEVELOPING NORTI‘IEAST! |
A Study of Reglonal Planning and Forelgn Ald
Stefan H. Robock

For over two decades, the United States has been actively engaged in
‘technical assistance and capital aid programs for underdeveloped coun-
tries. But only in 1960 was Latin America given high priority and only
in 1962 was the Northeast Brazii program implemented and proclaimed
“one of the most amnbitious projects yet undertaken by the Alliance for
Progress.” Despite this recent concentration of activity in the area, the
Latin American environment is still not sufficiently well understood by
North Americans and, in particular, the difficulties facing an “under-
developed region in an underdeveloped country ”

This study of the region’s past experience, problems, and prospects
yields valuable insights into the complexities of the development process,
and also helps to clarify the potentials and limitations of foreign aid.
The author, an Indiana University professor who has had wide experi-
ence as an economic consultant in Latin America, identifies a number
of serious questions raised by the sharp increase in the United States
commitments.

S Paper $2.00

THB BROOKINGS INSTITUTION Washing!on. DC





