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ASSISTANTSECR'TARY 

FOREWORD
 

The present study was done in 1964-1965 as a project of the Brookings
Institution Transport Research Program which was financed by a research 
grant from the U. S. Agency for International Development (AID). Among
the principal conclusions offercd in the Final Report of the Brooklings
 
program was that:
 

--- the new Department of Transportation should be able to
provide AID with ... advice and assistance, necessary research 
backstopping, as well as better facilities for transport and 
development education .... While the Brookings program
attempted to carry out some of these functions, the magnitude
of the demand clearly calls for a systematic effort by the 
U. S. Government itself.
 

The Office of Technical Assistance has been established in the Department
of Transportation in cooperation with AID to provide services such as

those mentioned in the Brookings' Report. One of the first responsi
bilities of this new Office is establishment of a system to develop,

collect and disseminate information relating to transportation techni
cal assistance. It is therefore appropriate that the Office of Technical 
Assistance undertake to reissue the Preparation alid Appraisal of Transport
Projacts which was widely circulated by the Brookings Institution to other
institutions, government agencies, private firms and individuals in many
countries wherever transportation planning in the developing nations is
 
a concern.
 

The Department of Transportation is making the study available as 
a

public service, and the opinions expressed by the author do not nec
essarily represent the views of the Department of Transportation; the
 
Agency for International Development; or the trustees, officers or other
 
staff members of the Brookings Institution.
 

Assistant 
Donald G. AggrSecrete j(for 

International Affairs 
and Special Programs 



Preface 

One of the initial studies of the Brookings Transport Research 
Program was a review of pre-investment surveys of transport projects 

t nder the auspices of the World Bank and the Agency for Internationalmade 
Development and its predecessors. The studies were systematically re
viewed to assess basic concepts, Lontents, and methodology. In view of 
some of the shortcomings revealed by this analysis, the Agency for Inter
national Development requested that further effort be made to assist the 
Agency in revising its project evaluation procedures.
 

The resulting report, drawn largely from existing economic and 
engineering knowledge, has been organized to provide a convenient guide 
for those directly responsible for making transport investment decisions 
in the less developed countries. A central theme is that the value of 

transportation is measured by the degree to which it contributes to goals 
in other sectors of the economy, and that sound investment analysis re
quires a greater awareness of the interrelationships between transporta
tion and the other sectors it serves. While the report indicates the 
wide range of information that is relevant to project appraisal, it does 
not imply that the process must be rigorously followed in every instance. 
The purpose is rather to provide a conceptual framework to be followed to 
the extent that the data permit. Naturally in many countries investment 
decisions may have to be taken on the basis of the roughest sort of quan
titative evidence, but a sound analytical approach can help to make the 
best of what data there are, and can be a guide to the kinds of informa
tion needed for future project preparation. 

Special acknowledgement is made to Grace W. Finne and Professor 
Tllo E. Kuhn. The basic framework and many of the ideas set down he-re 
belong to them or were derived from their work with the author on trans
port planning practices at the Brookings Institution in 1963-1964. Help
ful comnents and criticisms were received on earlier drafts of the study 
from many people, including Robinson Newcomb, Joel Bergsman, A. Robert 
Sadove, George W. Wilson, Edwin T. Haefele, Gary Fromm, John R.Meyer, 
and in particular, Robert T. Brown and Benjamin I. Cohen. 

The original version of this report, completed at the Brookings
 
Institution in 1965, was made possible by a grant from the U.S. Agency
 
for International Development in support of a five-year program of trans
portation research at Brookings. The Office of Technical Assistance
 
of the Department of Transportation has provided the finnces and other 
supporting assistance necessary to incorporate certain revisions and re
issue the study in its present form. Grateful acknowledgement is made 
to James A. McDevitt, Director, and Howard S. Lapin, Chief, Economics 
and Investment Division for making this possible. Roy 0. Carlson and 
Raymond E. Parker graciously assisted in the editing chores, and Joyce 
Shirey, Charleen Belussi, and Nancy Champagny provided expert typing 
services.
 

C1dIi G. Harral 
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APTER I 

SPECIFYING THE TRANSPORT PROBLEM AND IDENTIFYING 
ALTERNATIVE COURSES OF ACTION 

Transport investment proposals may originate at the official request of the government of the host country, an unofficial request of 
a member of that government, or through individuals or groups of
citizens of that country. They may also be directly initiated bypersonnel of United States and international agencies within the
 
country concerned. These requests may be results of the wellreasoned recommendations of countrywide transport planning 
 surveys,
or other smaller scale transport studies; or they may represent the

implementation of economic plans 
at the national, regional, or local
level. However, they may simply reflect an immediate reaction to
obvious transport problems and a decision to act upon them quickly in 
one way or another. 

Because the engineering and econoiac issues are so complex, even 
an intelligent, informed, and personally disinterested observer isseldom able to suggest the most desirable solution to a given transport

problem without expert and detailed study. The sponsor of a particular
solution may be unable to foiesee consequences which would occur elsewhere in the economy. A sponsor maynot know the alternative uses to
which the public investment funds could be put, and therefore he will
 
not be ina position to assess the given proposal in terms of the

overall priorities of the country's development program. It may also
be that the party favoring a particular proposal is not disinterested,

and has objectives which neither a lending agency nor the best inter
ests of the investing country would recommend.
 

In this situation it is the duty of the analyst to review the
transportation proposal within the framework 
of the objectives of thelending agency and the host country. He should take account of the

overall schedule of priorities in the country's development program,

and the specific transport problem which gives rise to the proposal.It is essential that the real transport problem be specified and the
effective alternatives identified. The problem may be any 
one of the
following or others: penetrating and opening up an area which is

inaccessible during part 
or all of the year; increasing seasonal
capacity which is satuiated during peak periods of the agriculturalseason; reducing the distance between two urban centers; improving the
quality of passenger services, or reducing port handling costs. In any case, specifying the purpose of the proposed project will help
the analyst to identify alternative solutions and to weigh their costsand benefits. This may be a simple task, with a few effective alterna
tives which are easily identified by an analyst upon preliminary
examination. In other cases it may be very difficult, and ultimatespecification of the engineering and economic alternatives will
constitute a large part of the expert's task. However facile ordifficult, it isonly when the costs and benefits of alternative 
courses of action are made explicit that it ispossible to judge the
merits of any proposed project. Ifthere are no alternatives, there appears to be no problem, and no need for analysis. But, in fact,
there will always be the alternative of doing nothing -- often a
realistic alternative which must be examined. 

Alternative solutions to transport problems should not be confined
to physical investments. They should ordinarily include at least five 



broad groups of possible changes:
 

(1) 	 Changes in present administration and regulations which would 
increase the effective capacity of the existing system; 

(2) 	 Rationalization of present rate and tariff structures toward 
more efficient utilization of transport services; 

(3) 	 Improvements in operational efficiency and coordination of 
existing facilities; 

(4) 	 Alterations in plans for the location of industry, the concen
tration of electric power production, and transmission by high
voltage lines, development of processing and containeiization
 
practices, storage facilities, and telecommunications net
works;
 

(5)Capital investments to increase the physical capacity of the
 
transport network, including entirely separate and perhaps
 
radically different solutions from the original proposal as
 
may be evidenced in cases involving a choice of mode among
road, rail, air and river or coordinate development of two 
or more of these modes. 

2 



CHAPTER II 

THE DESIGN OF A TRANSPORT STUDY 

Transport seldom fulfills an independent function of its own; it
 
serves as a 
means to other ends. By moving people and objects for
 
both economic and noneconomic reasons, transport creates a link -
political and social as well as economic -- between people and objects

separated in space. Inso doing it creates a value (or income), be
cause the objects would not be transported from one place to another
 
unless their value after moving were at least as high as before the
 
movement took place plus the cost of transport. Similarly, people

would not move unless the worth to them of being in another place were
 
at least as great as the cost of the trip.
 

Improvements in transportation result inlowering real costs
 
through reductions in hauling costs, increased speed and dependability,

decreased loss and damage, or other means. Lowering real costs leads
 
to savings and increased production and consumption. The savings

represented release resources which may be applied to produce addi
tional output elsewhere in the economy. These may be used inpart to
 
provide additional transport services, since the reduction intranspor
tation as a share in total costs tends to result in the substitution of 
transport for other inputs. Improved transport may bring about the
 
employment of otherwise idle resources; the classic example is the
 
opening up of outlying lands.
 

The benefits of prospective transport investment might therefore
 
be measured by the extent to which they increase national income. It
 
will be argued subsequently that a meaningful approach to the difficult
 
problem of measuring the benefits of alternative choices in transpor
tation, lies inthe income accounting concept of "value added." Cer
tain imponderables will remain in evaluating social and political

results, but itshould at least be possible to assess the importance

of noneconomic objectives in relation to the cost of achieving them. 

The demand for transportation usually arises because of spatial
relations involved in the production, distribution, and consumption of 
other goods and services. This forms the basic principle for all 
coordinated transport planning. 
In planning a national c- regional

transport system, or in appraising a single project, the underlying

approach and techniques of analysis will be the same.
 

The transport study must analyze the present and potential econ
omy of the area affected by the proposed development and the transpor
tation system which currently serves it. Initially, the existing

geographic distribution of economic activity is projected into the
 
future, net supply and demand regions fcf each major commodity are
 
determined, and from these are inferred expected future patterns of
 
traffic flows. These projected transport demands can then be compared

with the existing transport system and the apparently most important

improvements identified.
 

In the second round of the analysis, the repercussions (or "feed
back") of the proposed transport improvements on the pattern of econom
ic activity must be estimated. Provision of a transport service is a
 
complex matter which requires many component parts, and changes in the
 
system have wide repercussions. For example, development of highway
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transport on any scale requires feeder roads, vehicle fleets, and 
provision for maintenance. Moreover, improvements in transport, 
whether in the form of reduced rates or better service, may make new 
industries profitable and induce shifts in the utilization of resources. 
These feedback effects are taken into consideration, and then, once 
again, the most important transport improvements, given the new pattern 
of economic activity, are identified. This analytical process is 
repeated until the most advantageous transport system is determined. 

This overall approach to transportation planning is discussed in 
detail in subsequent chapters. The objective of the discussion is to: 
(1)develop the techniques of analysis to be applied, (2)determine
 
what information is required; and (3)identify the likely sources of
 
this information. 

It is inevitable that the srope of the studies and techniques 
suggested here will not always be realized inpractice. First, the
 
list of important factors, and therefore study requirements, will
 
always differ from one case to the next. Second, limitations on time, 
data, or the costs of the study will often prevent accomplishing a 
wholly peifect realization of analytical goals. However, the overall 
approach and many of the techniques of analysis proposed here will 
still be applicable in any given case, although they may be used less 
intensively. 

Time, data, and cost constraints are often pressing, but restric
ting the scope and depth of the analysis and thereby introducing 
increasingly broad assumptions increases the likelihood of erroneous 
conclusions. This dilemma may be solved, in part, by selective empha
sis. Clearly it is important that those assumptions and estimates 
which affect the outcome of the investment decision should be more 
carefully considered thai. those which do no have much effect on the 
outcome. Fortunately, there are simple and t cFective techniques of 
"sensitivity analysis" for determining the importance of various 
components of the investment analysis. A later section of this manual 
discusses these techniques.
 

Moreover, while the costs of competent pre-investment studies may 
be quite substantial, there are indications that the costs of "good" 
studies are no higher than those of "poor" studies. In any event, the 
costs of pie-investment studies compared to the physical investments 
proposed are quite modest. 

The basic steps of a transport planning study are outlined sche
matically in Exhibit II.1. The first stage of any transport planning 
study is to define the main sources of traffic or demand for transport 
services. This isdone by attempting to estimate present and potential
 
future demand as derived from the economic activities which use trans
port services. Ordinarily, an economic base survey is required which 
includes an appraisal of the natural resowce base, the population and 
labor force and the existing industries of the area under consideration 
including the social structure, attitudes and incentives of the people. 
The purpose of the base survey is to identify those industries which 
will be the main users of the transport facilities, such as agriculture. 
forestry, mining, manufacturing, and foreign trade, and to specify their 
present and potential future location and level of output.
 

This base study should be complemented by a detailed analysis of 
present traffic which will result in a map of both the actual flows over 

4 



EXHIBIT II.1 

ORGANIZATION OF THE ANSPORTATION SfDY 

Identification of resources Projection of economic 

and industries with respect I sectors with respect Projections of 
Ito location and (potential) Ito location and level futue traffic
[level of output oututIofIPresentTraffic: ITraffic AssignmentCriterion Ftr rnpr


Flow and Desire I 
OD PassengernSector 

analysi survey analysis 

of future transpt
rPresent Transport System: 'Budget Constraint, ten 
JAnalysis of capacity, ji Investment Criteria, 
[cost and performance .andEngineering
of all modes. 1Ite tives 



-- 

the existing transport network and the desired flow routing based on
origins and destinations. 
This requires a two-part study:
traffic survey (1)directtraffic counts, 0 &D surveys, and bill-of-ladingstudies; and (2)an extension of the sector survey techniques to infer
transport flow patterns from the geographic distribution of production
and consumption points, and the technical inter-industry relationships.
 
The third major part of the analysis centers on the supply side,on the assessment of the capacity, cost and performance of the existingtransport system. This three-pronged attack provides the thorough
understanding of the existing situation necessary for a meaningfulprojection of the future economy and its transport requirements. 
It
isonly when this projection has been accomplished that the combined
economic and engineering analysis described earlier can be undertaken.
Repeated "loops" or rounds of analysis canreaction of be used to simulate thethe future economy to possible (hypothetical) changes inthe transport system and their repercussions back again on the transport system. Usually only a limited, nanageably sm.,lanalytical rounds number of suchare required to arrive at a prefeired design for thefuture transport system.
 

Economic Base Survey of the Area
 
The appropriateness of a 
transport investment will be determined
by the volumes and characteristics of the traffic which ultimately
uses the facility. Therefore, an economic resource survey of the area
where transport improvements are contemplated must be made. 
Such a
survey will encompass three broad elements:
 

(1) Survey of productive potential, including both physical andhuman resources. 
(2) Survey of market potential.
 

(3) Survey of "entrepreneurial potential," or the response of
the economy to profit-making opportunities, including government and private investment plans.
 
The objective of the productive potential resource survey isto
obtain a general land potentialities or capabilities mapping.
capabilities isa Land
composite function of many separate varidbles. The
major physical factors are outlined inpart (a), the human factors in
part (b), and the industrial infrastructure factor inpart (c)of
Exhibit 11.2. 
Any one of these factors by itself will have little
meaning for economic planning. 
Only when they are all integrated by
expert economists and economic geographers into a land capabilitiesmapping do they become a usable tool of economic analysis. An important example of land capabilities analysis used for economi
ment planning isLited inthe notes to Exhibit II.2(a). 

develop-


Ifthe physical potential, the natural resources, and the labor
do not exist, certainly no goods can be produced, and no traffic can
develop. If the market does not exist, or no investment is forthcoming,no production and traffic will result.
 
This type of survey will ordinarily require employing an experteconomic geographer or team of experts with a background indemography,natural resources, agriculture, forestry, and manufacturing industrieswho can analyze both productive potential and market potential. 
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The accompanying Exhibits II.2(a), (b), and (c) depict the important information required and the likely sources of this informationunder three general classifications: (a) natural resources, (b)population and labor force, and (c) industries. 



Subject 

Ecological 

Geology
(&iilding 
Materials) 

EUIIBIT II.2(a). AREPA ECON3fIC LASE MW 

Natural Resources*
 
Information Required 
 Source of Information 

Contour mapping of land sur- Basic information often avail-
face; hydroelectric mapping able in published maps. Detailedof water and drainage system. information for advanced plan-

ning stages, such as highway 
location, to be derived from 
engineering, aerial, and land 
survey. 

Mapping of rainfall zones accord- Published sources, records ofing to annual totals and descrip- meteorological departments oftion of monthly pattern; profile governments and universities,
of temperature ranges by zones,
Integration into composite pic-
ture of climate and effect on 
economic activity. 

Mapping of rock formations: loca- General information availabletions and 'uantifications of published sources, 
in 

government and
stone and sand aggregates. Deter- private surveys, or direct inter-
mination of geologic structure view of engineers and local 
for construction of right-of- sources. Detailed information 
ways, requires expert survey and 

analysis techniques, 

Purpose of Information 

A major determinant of the 
level of cost (capital, main
tenance, and operating) and 
the choice of mode. 

Determinants of levels and 
patterns of agricultural
production; and the capital,
maintenance and operating
costs of transportation and 
quality of service. 

Location in appropriate
quantitites of building mater
ials, a major determinant of 
construction costs. Geologic 
structure of right-of-way a 
fundamental determinant of 
costs of excavation. 



EXHIBIT I. 2 (a) -

Subject 

Minerals 

Soils 

Vegetation 

Energy 
Sources 

continued 

Information Required 

Mapping depicting locations and 
quantifications of mineral depos-
its. Appraisal of economic po-
tential, including known outputs
and plans for future exploitation, 

Mapping depicting soil zones for 
both agricultural and engineer-
ing classifications. 

Mapping of major vegetation zones,
particularly forests and grass-
lands. Survey of forest reserves 
and assessment of economic poten-
tial, including plans for develop-
ment. 
Location and economic evaluation 
of actual and potential sources 

Source of Information Purpose of Information 

Expert appraisal, involving both A major determinant of potential
qualitative analytic and field traffic. 
survey techniques essential. This
will already be available, or will 
be undertaken directly, qualitaor 
tive impressions must form the basis 

of energy: hydroelectricity, ther- power, coal mining, and petrole-mal electricity, coal, petroleum, um companies. 
and natural gases. 

for appropriate assumptions. 
General information available in 
published and government sources,
Otherwise requires expert analy-
sis and survey techniques, 
Published sources, government and 
university agricultural and for-
estry departments, and private
lumber companies, 

Published surveys; government
authorities; private and public 

Determinant of agricultural 
demand for and constructim 
costs of transport ionIn
vestments. 

Timber potentials often a major
determinant of traffic. Grass
lands important to determination 
of levels and patterns of faming
and animal husbandry. 

Major determinant of level and 
pattern of potential economic 
development. 

An outstanding example of resource inventory analysis for development planning is given by the Department of EconomicAffairs of the Pan American Union, Survey for the Development of the Guyas River Basin ofEcuador: An Integrated NaturalResource Evaluation (Washington: Organization ot. iWF-rican States, 19b4). 



EXHIBIT II.2(b) 

Population and Labor Force 

Information Required Source of Information Purpose of Information -

Past and Present 
Total numbers 
classified according to 

a. urban 
b. rural 

and defined for smallest possible
geographic units 
Migration patterns 
Composition by age and race 
for smallest geographic units, 
Composition by skills, training 

Census Offices; central 
government and regional 
governments. Some 
published; unpublished 
available by interview. 

The population are suppliers 
of labor (productive potential) 
and consumers of income 
(market potential). Such 
information, by smallest feasi
ble unit, at least urban and 
rural, can be used to project 
future supply areas and demand 
areas from which future traffic 
flows may be inferred. 

. and education. 
Attitudes toward incentives 

Future 
Above information projected 

(Same as above*) 

through the transport planning
horizon for smallest geographic
unit breakdown possible. 

*An excellent discussion of population projection techniques is contained in Walter Isard (ed.), Methods of 
Reional Analysis (The M.I.T. Press, 1960), Chapters 2 and 3. However, it is a task that may better be 
left to the expert demographer. 



MU-iBIT II.2(c) 

Industry Surey 

Information Required Sources of Information Purpose of Information 

Identification and mapping of important 
traffic generating industries, including
agriculture. Determination of total 
inputs and outputs classified by commodity
in physical terms with location of markots 
and suppliers specified in greatest possible 
detail, 

Previous surveys, published and 
unpublished. Census of manufac-
tures, industrial directories, even 
telephone books, 

Agricultural ministries, missions, 
extension agents, etc. 

Determination of the geographic 
distribution of supply points on 
the one hand and markets on 
the other, can be used to infer 
traffic flow patterns. 

Commodity flow studies: railroad, 
trucking, port statistics. 

Field surveys: questionnaires and 
direct interviews with government,
planning, and industry officials. 

Appraisal of governmental and private 
plans for development. 



CHAPTER III
 

ANALYSIS OF PRESENT AND POIENTIAL TRAFFIC 

A. Determination of Present Traffic Patterns 

Describing and analyzing traffic patterns on an existing transport 
system is one of the most direct and effective tools of transportation
planning. It serves two functions: (1) It forces identification of 
the major determinants of existing traffic, which not only contributes 
substantially to an understanding of the functioning of the present 
economy, but also provides an essential base for sound projections of 
the future level and geographic distribution of economic activities, 
as well as the allocation of future traffic between alternative modes 
of transportation. (2) It permits comparison of present transport
demand with the transport supplied by an existing transportation 
system, and thus facilitates assessment of present and potential
problems of capacity. 

Required Information 

Transport planning requires information on present level, seasonal 
pattern, and trend over time of transport demand for both freight and 
passenger services in tne area concerned. Demand should be stated in 
terms of desired origins and destinations as well as actual movements. 
Desires for traffic flow between specified points constitute a measure 
of transport demand for planning purposes. Actual movements reflect 
how these demands are worked out on the existing network of highways, 
railroads, airways, and waterways. When information on desire flows 
is integrated with actual traffic movements in a composite analysis,
essential information about the functioning of the present economy and 
its transport network can be inferred. 

Traffic information must depict actual and desired movements in 
terms of physical quantities (freight tonnages and numbers of passen
gers) specified with respect to the location, commodity classification, 
and timing of the movement. 

1. Pysical quantities. Transport demand analysis must describe 
the physica flows to Fe accommodated in terms of tonnages and volumes 
of goods and numbers of people. It mst be more than a mere count of 
the number of highway vehicles, aircraft, railway cars, and similar 
"containers" used for movement. The utility of mere traffic counts is 
limited by the fact that capacities and load factors of vehicles or 
containers vary widely; a simple traffic count without reference to the 
structural composition of the vehicle fleet is only one step removed 
from no information. 

2. Location of the movement. The spatial element is one of the 
distinguishing characteristics of transportation: movement of a ton of 
a particular good from one point A to another point B is a very differ
ent service from movement of that same ton from point C to point D -
indeed, it is even quite different from the reverse movement of that 
same ton fron, point B to point A. A similar statement applies to loca
tion of the transport facilities which provide these services. 

Statements of aggregate tonnages, ton-kilometers, or tonnage origi
nating without reference to the specific routing of these movements are 
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without utility for all but the most limited transport planning purposes. Only when it can be specified that a certain amount of trafficwas carried over a particular segment (or segments) of the system,which had a certain capacity, is it possible to infer, as a preliminary conclusion, that measures to expand capacity are or are not 
desirable.
 

3. Commodity composition. It is ordinarily desirable to distinguish the"commodity cmposition of traffic for two kinds of reasons
cited in the opening paragraph to this section: to identify theindividual components of present traffic in order to facilitate projection of future traffic and in order to allocate that traffic betweenalternative modes of transportation. Usually a limited number ofcommodities will constitute the great bulk of the traffic. 
4. 	 Time profile. Demand for transportation will fluctuate widelyover 	the seasons ofthe year, and it isnecessary to identify this tume
profile in order to determine the exact nature of transportationrequirements. Weekly, daily, and even hourly variations can be important in certain cases. The appropriate response to a given level oftransport demand will vary widely for different time 	patterns of thedemand. 
For example, the movement of agricultural commodities which is
particulaily subject to seasonal peaking, may be most efficientlyaccommodated in part by nontransport measures, such 	as storage, processing, and containerization. 
Where possible, it ismost desirable to
determine a 
monthly profile of the traffic movements, such as is given


inExhibit III.1.
 

The objective of traffic analysis is to obtain as complete a
statistical description as possible for both the present and previous
patterns of traffic movements interms of the four characteristics just
discussed. 
Assuming, at this point, that the data are available, this
will 	result in two collections of data:
 

(1) 	 For each segment of the transport s/stem in the
concerned, the amount 

area 
of freight tonnage classified bycommodity type, and the number of passengers for each

month of the year. 

(2) 	 A matrix depicting desired origins and destinations for physi
cal flows of freight and passengers, for each (major) originand destination in the region, including import and export
points for extra-regional movements.
 

Two illustrations of such collections of data are presented in
Exhibits III.1 and 111.2. Exhibit III.1 depicts a time profile ofphysical movements by commodity classes for an East African port duringone year, 1963. This is a useful piece of information in itself, but
ideally itwould be only one of a very large group of such statistics
depicting the same information for every segment of the transportation
system concerned. Exhibit III.2 illustrates a matrix of desired originsand destinations for the movement over all modes of transport of aparticular commodity during some one-month period. 
The 	figures in this
case 	are strictly fictional, but the names of places are drawn from anactual study, which encompassed 483 possible origins and destinations
for 32 comodity classifications -- and resulted inan enormous mass of

valuable information. 

The interpretation of data in this quantity and with these characteristic: isgreatly facilitated by presentation ina mppin format.
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ILUJSTRATIVE T]IE 

EXHIBIT III.1 

PROFILE OF ANWMAL FREIGHT TRAFFIC 
BY COMODITY CLASSES* 
(In thousands of tons) 

THROUGH A PORT 

Commodity Dec196 Jan.1963 Feb.1963 Mar.1963 Ar.63 Ma1963 June1963 Jul1963 Au193 Sep.1963 Oct.1963 Nov.
1963 

Agricultural andFood Products 1320.4 1026.2 974.4 1104.4 585.2 298.6 476.3 497.8 696.8 545.9 809.8 881.4 

HouseholdPersonal Goods,Effects 142.3 

Fuel Oil 148.9 

Industrial Products 72.4 

Miscellaneous 13.5 

Totals 1697.5 

*Afl data are illustrative only. 
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EXHIBIT 111.2 

ILLUSIRATIVE 
SALT 

ORIGINS AND DESTINATIONS MATRIX-ORIGINS AMD DESTINATIONS OF
MVENrS ORIGINATING IN MADRAS STATE, MARCH 1963 

(In thousands of tons) 

OriginDestinations 
Andhra Assam Bihar Bengal Kerala Ma arashtra 

Madhya 
Pradesh Mysore Orissa 

Total 

Tanjore and
S. Arcot 1481.8 -- 119.0 -- -- -- -- 1764.8 24.3 3389.9 

Ti1nelveli andRamnatbpurm 604.0 140.6 6958.0 15121.0 3077.0 18.0 264.0 2334.0 2324.0 17240.6 
Kanya Kmari -- -- -- -- 1065.2 -- -- -- -- 1065.2 

Total 21695.7 

* Data are illustrative only. 



Mapping techniques as a method of economic and geographic analysis are 
well established and particularly suited for the problems of transport 
analysis. 

The various characteristics of traffic statistics can be combined 
and reduced to a visual representation which combines vast quantities 
of information in a concentrated, easy-to-use form. It presents the 
data in an effective and readily understood form to those officials and 
others who mast use the report but who are not directly concerned with 
the analysis, and it can also constitute a technique of analysis, 
especially for wide-scale transport surveys. Parallel mapping of the 
capacities of the present or anticipated transport system can be con
structed, the traffic and capacity maps overlaid, and actual or poten
tial bottlenecks determined (see Chapter IV). 

Exhibits 111.3 and III.4 present examples of useful traffic map
ping taken for purposes of illustration from a rec-nt highway transport 
survey of Honduras. The information in Exhibit 1 3 depicts estimated 
annual freight flows as derived from detailed tr_ffic surveys. The 
width of the ribbons indicates the level of the traffic flow, in metric 
tons, over the existing highway network. Exhibit 111.4, on the other 
hand, shows the result of a detailed highway origin and destination 
interview survey, the ribbons indicating the desire flows from origin 
to destination. Here the information is not how freight actually does 
flow, but how it would like to flow. This represents genuine point
to-point highway freight transport demand in Honduras, given the exist
ing transport system and the resulting distribution of economic activ
ity. (Of course, future demands, or "flow desires," will be affected 
by any substantial alterations in the existing network. See Chapter 
III.B.) It is ordinarily desirable to sumarize present traffic 
information in this or a similar mapping format, whether for the study 
of an entire transport system or only a short section of highway, rail
way, or other mode. 

Sources of Information and Techniques of Analysis 

Development of required traffic statistics will usually require 
a combination of three broad techniques: (1) compilation and examina
tion of all existing data sources; (2) direct generation through field 
traffic surveys; and (3) inference from sector or industry studies 
involving both interview and questionnaire surveys a.4 technical 
"industrial complex" analyses. The method of analysis to be used in 
any given case will depend on the nature of the problem, the avail
ability of data, the scope of the study, and time and cost constraints. 

(1) Compilation and Examination of Existing Data Sources 

Some information will ordinarily be available for both actual move
ments and desired origins and destinations of rail, air, and ocean bound 
traffic (both freight and passengers), from bills of lading and ticket 
records in railway, airline, and shipping companies and from port au
thority files. In some countries this information will be almost non
existent while in others it may be complete and detailed and extend 
back over several years. It may already be available from the railroad 
and airline companies in an immediately usable form suitable for mapping; 
but in most cases laborious tabulation directly from the original forms 
will be required. 
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Detemiuning highway traffic, often a major component of the anal
ysis, may involve examination of available data sources but chief 
reliance must commonly be placed on direct field surveys. Some data 
may be available from permanent local octrois, weighing stations,
border crossings or police checkpoints. If (and only if) the reli
ability of these data can be verified from independent sources and 
estimates, they are useful for determining patterns of seasonal fluc
tuations in traffic, and even long-term trends. Rarely, however, will 
they provide an adequate description of total traffic flows by them
selves; since the stations were conceived and established for a function 
distinct from traffic analysis, their records may at best show simple
counts of all traffic. Sometimes they will refer only to certain 
categories of traffic (such as trucks, or heavy trucks, but not passen
ger cars, buses, or animal-drawn vehicles), and, moreover, the check
posts may be too far apart to obtain a complete picture of traffic. 
Finally, records of local checkposts rarely yield information on 
desired origins and destinations, as opposed to actual 4Plow patterns. 

(2) Field Traffic Surveys- Vehicle Counts and Origin and 
Destination Surveys
 

a. Traffic counts. Traffic counts involve a simple enumeration 
of vehicles for each hour of the day, preferably distinguishing among 
passenger cars, buses, trucks of each capacity, animal-drawn vehicles,
etc. In each direction of movement, they should distinguish among 
types of commodities carried and among empty, loaded, or partly loaded 
trucks. They can be conducted by stationing human observers or mechan
ical counters at as many strategic points as necessary to determine 
traffic patterns in the desired detail, and sometimes aerial photog
raphy may be used. Controlled sampling procedures can be used to
 
reduce costs of the survey.
 

Traffic counts offer the important advantages of simplicity and 
low cost, but they are subject to the severe limitations discussed 
earlier on page 13. Exhibit 111.5 shows a sample form for recording
vehicle count which was designed for use in an actual traffic count. 
Local police were employed as counters. Because some of them were 
illiterate, it was necessary to include pictures of the various vehicle 
classifications. 

b. Origin and destination surveys. For origin and destination 
surveys ( 0 Z D), traffic interviewers, who have had at least some 
briefing on their tasks, are placed at strategic checkpoints on the 
transport network with facilities (and authority) to stop each vehicle, 
or some percentage sample of vehicles. The interviewer ordinarily will 
be instructed to obtain information on origins and destinations for
each commodity hauled, tonnages of each commodity, type of vehicles,
number of passengers, and other information. Exhibit 111.6 gives a 
sample format for an origin and destination interview requiring cer
tain information, all of which can be contained, in coded form, on a 
computer card.
 

(3) Sector Analysis 

Analyzing individual industries, major plants, and activities 
offers an indirect approach to determining traffic flows which may 
serve as a supplement (or, rarely, an alternative) to direct traffic 
surveys. There are two major components of the sectoral approach:
interview and questionnaire surveys, and technical complex analysis. 
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SERIAL NO ............. 
 TRAFFIC COUNT ROUTE ...................
 
LOCATION ..............
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ro I 
Heavy Truck & Trailer iy T kTrucks & Buses Light TrucksLardrovers & Cars
 

DAY Direc- NIGHT DAY Direc- NIGHT DAY Direc- NIGHT Type of0600- tion 1800- 0600- ton 1800-1800 From: 0600- tion 1800- Cargo0600 1800 From: 0600 1800ATE Hours To: Hours From 0600 Number ofHours To: Hours Hours To- Hours Passengers REMARKS
 

- *- -
- - - - - -

TOTALS
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__ 

Sourrv: Center of Planning and Economic EXHIBIT 111.6 Survey Serial No.Research, Athens, Greece; and 
Ministry of Public Works, Direction FromHIGHKAY ORIGIN-DESTINATION SURVEY FOlNi Name of Interviewer
Government of Greece 
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Well-conceived and properly executed interviews and questionnaires 
from major transport users and public carriers can be made to yield 
reliable information on transport patterns, sometimes for a large major
ity of traffic. They should be so designed as to include internal 
consistency checks and permit cross-checking between different sources. 
Coverage should be as complete as possible, and where sampling isre
quired, sound statistical techniques should be applied. 

Industrial complex analysis for traffic studies requires first the 
determination of levels of industry or plant outputs with location 
specified. Technical input coefficients, known from engineering tech
nologies or determined from a census of manufacturing or other industry
studies, are then applied to determine the (physical) amounts of the 
various inputs required for the specified levels of output. Potential
 
input suppliers and market outlets are then analyzed, using their 
comparative location and cost to determine likely traffic flows. These 
estimates can then be cross-checked and reconciled with the results of 
questionnaires and direct traffic surveys. Valuable information on the 
preference of various industries for alternative sources of supply and 
modes of transport may be inferred. 

Characteristics of Alternative Techniques and 
Suggested Usage
 

Traffic information required for transport planning was described 
in the opening paragraph of this section; various approaches to the 
determination of this information have been outlined above. Each 
approach is appropriate for specific purposes, and each has its advan
tages and disadvantages.
 

Ideally, the various techniques will be integrated and employed in
 
a systematic manner to develop a coherent and balanced picture of trans
port demands in the area concerned. Present levels of actual flows are 
most easily determined using a combination of currently published car
riers' statistics and traffic surveys. Desired commodity flows, by

origins and destinations, can be determ.ned from examination of carri
ers' bills of lading and tickets, and the direct undertaking of origin

and destination surveys. Secular trends will be available from the 
published carriers' statistics or can be established from question
naires (including interviews) from the major transport shippers and 
carriers. Similarly, the patterns of seasonal fluctuations can be 
determined from the published statistics of the carriers, highway check
post records, and industry questionnaires, supplemented on occasion by

correlation with statistical series for petrol consumption. Thus for
 
any one transport study it may prove necessary to use all of these 
techniques, and still others improvised by the analyst to fit the 
situation, to provide cross-checks on the various sources of data, and
 
thus obtain a meaningful description of traffic.
 

In some situations this will be a costly and time-consuming task, 
and the transport analyst will undoubtedly have to use his judgment to 
obtain a rational balance between data requirements on the one hand and 
the time and money costs of compilation on the other. 

A summary description of the required information and some of the 
methods discussed above is presented in Edibit 111.7. 
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B. Methods of Traffic Projections 

Extrapolating past traffic growth rates, or equating the growth 
of traffic in small regions with the overall rate of growth of traffic 
for the whole nation, are oversimplified techniques which can easily 
lead to erroneous traffic projections. Traffic can develop only where 
the resources and market potential exist, and the necessary investment 
of capital and managerial talent is forthcoming to convert the potential
into actual increases in agricultural, forestry, mining, and industrial 
output. 

The detailed description of the present economy -- the natural 
resources, the spatial distribution of industry and population -- and 
the rqsulting traffic desires and actual flows over the existing net
workI combined with a careful evaluation of governmental and private 
investment plans, provide the essential basis for sound traffic projec
tions. Indeed the information required about future traffic is the 
same as that required for present traffic: mapping of the level and 
seasonal pattern for both desired origVs aid destinations and actual 
routings by commodity classifications.- , 

Moreover, the basic techniques for projecting future traffic is 
an extension of the techniques of "sectoral analysis" used in determin
ation of present traffic patterns. The economic analyst, in close 
cooperation with the engineer, must determine two important pieces of 
information: 

1. The location of each proposed transport facility; 

2. The likely unit haulage costs over each transport link. 

Combining this information with a detailed knowledge of the re
gional economy -- its resource and market potentials, and its entre
preneurs' plans for investment -- it is possible for the agricultural,
mining, and industry expert to project the likely volume and location 
of output of each major industry. Utilizing the technical input rela
tionships for each industry, the industrial economist can determine 
the volume of each input or intermediate good, required at each location. 
His knowledge of the regional economy -- the various sources of supply 
and the costs of transport to each point -- will enable the economist 
to determine the least-cost source of supply for the inputs required 
for each industry, and therefore the market outlet for each supplier of 
industrial inputs. The pattern of future traffic flows of interivlate 
goods can easily be inferred.
 

The analysis of demand for final or consumers' goods is similar. 
Projections of population and income data, broken down as far as pos
sible into small geographical regions (by both urban and rural compo
nents), combined with the best available information on the people's 
consumption habits, can be used to specify consumer demands geograph
ically. These can be juxtaposed with the regional production patterns,
supply points for each market area defined, and future traffic patterns 
inferred. 

1/ Discussed in Chapters II, pp. 6-11, and III.A above. 

_/ See Chapter III.A aoove, pp. 13-17. 
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It is evident that these detailed projections will ordinarily be 
feasible for only a limited number of the most important industries. 
Fortunately, in many underdeveloped econcies, only four or five or 
even fewer industries will be profoundly affected by any proposed 
transport improvement. Analysis of these few will serve to determine 
most of the change in both income and traffic flow patterns. 

The ircrease in income which can be expected from a particular 
transport proposal can be computed, using net output methods described 
in Chapter V below, from the data which have been derived in developing 
traffic projections. This will then represent a measure of benefits
 
of the plan under consideration. Hbwever, in the process of the above 
projections, which emphasize the economic potential of the region, the 
economic and engineering analysts will often perceive possible improve
ments in the proposed plan with the economist analyzing the response
of the economy to the new plan. Ordinarily only a limited number of 
such "loops" or "rounds" of analysis will be required to determine a 
good practical solution.
 

C. sumia/ 

A summary of the techniques of analysis, required information and 
sources of information is given in Exhibit 111.7. 
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EXHIBIT 111.7
 

SMIARY: ANALYSIS OF PRESEN TRAFFIC AND TRAFFIC PROJETIONS 

Required Information: 	 Mapping of actual flows and desired origins and destiiations of freight tonnages and numbers of 
passengers over the transport network concerned (which may consist of a highway segment, river
corridor, port hinterland, administrative region, or a whole country) with seasonal pattern and 
secular trend defined. 

Sources of Information and Techniques of Analysis 

Technique or Source Appropriate For Advantages 	 Disadvantages 

rxisting data sources: 

Bills of lading and Railroad and airline Detailed information Accurate tabulation may
Ticket records freight and passenger available over several be difficult and very costly 

movements, actual years with seasonal to obtain. 
and desired, pattern defined. 

Port records All intra-coastal and Detailed information May not provide sufficient 
ocean shipping. available over several detail, with respect to 

years with seasonal coimodity composition 
pattern defined in readily of physical flows, etc. 
accessible form. Espe- Accurate tabulation may 
cially valuable infor- be difficult to obtain. 
mation on export and 
import movements. 



EHIBIT 111.7 - continued 

Technique or Source 

Highway tax stations 
and other checkpoints, 


Traffic surveys:
 

Vehicle counts 

Aerial photography 


Origin and destination 

survey, commodity flow 

analysis 


Appropriate For 


Vehicle volumes 

and perhaps corn-

modity classification 

of traffic for certain 

highway segments. 


Vehicle volumes and 

perhaps commodity 

classification of 

traffic for certain 

highway segments. 


(Same as above.)
 

Volumes of actual 

and desired highway 

movements of com-

modities and passengers. 


Advantages 


Can sometimes provide 

the only preexisting 

information on highway 
movements to determine 

secular trend. Often 

valuable to establish
seasonal patterns. 

Can provide limited but 

stili useful information 
on traffic movements at 

low cost where use of 

preferred origin and 

destination survey is

impossible. 


Most effective of limited 
number of techniques to 
determine actual and de-
sired flows in quantita-
tive terms, 

Disadvantages
 

Data are often unreliable
 
incomplete, and limited in
 
coverage. Usually contains 
only vehicle counts, not
 
conmdity flows or origin
 
and destination.
 

Provides little quantitative
 
information on actual and 
desired comodity and passenger
 
flows. Provides no information
 
on seasonal pattern (unless
 
continued over at least one

year), or secular trend.
 

Requires more preparation and
 
more cost to conduct than simple
 
traffic counts; large-scale
 
surveys will require modern data
 
handling techniques; involves
 
some disruption of traffic flows.
 
Provides only "point" estimate,
 
providing no information on 
seasonal pattern or secular trend.
 



EXHIBIT 111.7 - continued 

Technique or Source Appropriate For Advantages Disadvantages 

Sector Analysis: 

Questionnaire and 
interview surveys 

Actual and desired flows 
for specific, major 
commodities via all modes. 

Provides information on 
present level, seasonal 
pattern and secular trend 
of flows for specific 

Difficult to obtain adequate 
response. Information supplied 
may be inaccurate or Ansuf
ficiently detailed. 

commodities. May yield 
valuable insights into 
transport preferences and 
modal choice for the various 
commodities. (Valuable infor
mation on future levels ofeconomic at-ivity and trans
port demands 
included.) 

should be 

Industrial complex
analysis 

Actual and desired 
flows for specific, 

Can provide estimates 
present levels and 

of Requires high inputs of 
analytical skill and 

major commodities 
via all modes, 

seasonal patterns of 
actual and desired move

therefore high costs. 

ments for specific commod
ities over each mode. 
Especially valuable to 
develop and test such 
methods on present traffic 
in order to provide sound 
mechanism for projection
of future traffic. 



CHAPTER IV 

CAPACITY OF AN EXISTING TRANSPORT SYSTM 

While an economic analysis of the region affected by the transport

proposal is being made to determine demands, an assessment of the pre
sent transport system should be undertaken sinultaneously in order to
 
learn the capacity, cost, and performance of each mode in use in the
 
region. Then present and potential demand may be compared with the
 
existing capacity to pinpoint actual or potential bottlenecks, whether
 
physical in the form of traffic saturation, or economic in the form of
high costs or poor service. The appraisal of physical capacity is 
discussed here, while assessment of costs and performance is discussed 
in Chapter VI below.
 

A. 	 Required Information, Sources of Information, and Techniques of 
Analysis 

1. 	 appings of existing system. Mappings of the present trans
port system c.iouid be prepared displaying the existing capacity of each
 
segment and facility, defined in terms of the amount of freight tonnage
and/or passenger nunbers which can be accommodated on the given facility 
over 	a specifit unit period of time, such as net ton-miles per route 
mile 	per hour._ Including some average unit costs for each segment of 
the 	system (as discussed in Chapter VI) directly on the map may some
times be useful. Exhibit IV.1 presents an example of a capacity map
ping, and Exhibit 111.3, representing traffic movement (here reproduced),
is overlaid on transparent paper to facilitate comparison of capacity 
with demand. 

Physical capacity of each elment of the system will be defined 
separately for: 

a. 	Rolling stock or vehicles.
 

Since rolling stock ordinarily moves from one to another part
of the system, the measure of capacity in this respect is meaningful
only for the whole system. It refers to the total available capacity
within the country given the existing numbers and present efficiency
of utilization. Increase in capacity may be accomplished by improving
operational efficiency or by increasing the nunber of units, either by
manufactures or by imports from abroad. 

b. Fixed assets: highways, rail lines, ports, airports. 

(i) 	 Terminal, warehouses, marshalling yards, etc. 

(ii) 	 Line itself, i.e., the rail track, highway, pipeline, 
or beltway. 

A distinction may be made between theoretical (basic) and d 
(practical, realized) capacities; thTfrmer is the maxitar fic 
volume under ideal conditions, the latter the maximal volume which can 
ordinarily be realized under prevailing conditions. It is the design 
or practical capacity which is most useful and which is referred to 
here. 
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2. Determinants of ca acity. Capacity of any facility depends
 
on 
 the nuber and average load capacity of the vehicles which can be
 
operated over it in a day; the number of vehicles is in turn a function
 
of the average speed of the vehicles. These variables are dependent on
 
both the physical characteristics of the facility itself and the char
acteristics of the traffic using the facility. This is especially true,

for example, of highway transport; physical features of highways affect
ing vehicle speeds, and therefore ton-miles of output, include road 
surface, lane and shoulder widths, alignment, terrain and weather. 
Traffic flow characteristics which affect capacity are driver preferences
with respect to speed and distance between vehicles, the composition of 
the vehicle fleet, particularly the proportions of slow-moving vehicles, 
and the manner in which the traffic is distributed over the hours of the 
day. It will be desirable for purposes of transport planning to deter
mine these relationships quantitatively ifpossible, so that optimal

design can be determined for the expected composition of future traffic 
flows. 

Usually the only way of measuring highway capacity satisfactorily 
is through a series of actual mean speed tests conducted over the repre
sentative sampling of highways to determine how traffic flow isaffected
 
by the diverse conditions of surface, widths, and slow-moving traffic 
prevailing over the region.
 

Transportation is an integrated process composed of many individ
ual facilities and services, and the capacity of the system as a whole 
depends not only on the capacity of each element, but also on the syn
chronous functioning of each element with every other. The functioning
of a port is a clear example of this. The components of the port oper
ation may be grouped in three classes: (l) navigational facilities,
(2)cargo handling facilities including berthing, and (3) auxiliary
facilities including warehousing and inland transport to and from the 
port. The capacity of the entire port complex will be limited by the 
lowest capacity of the individual links. If cargo handling capacity
is adequate, a more limited capacity to transport the goods away from 
the port will result in overcrowding of warehousing. This implies that 
the capacity of either warehousing or inland transport (or both) must be 
increased, depending on the relative costs in the particular case. 

Capacity assessment of any transport facility is a technical 
matter which will ordinarily require the services of a qualified engineer.
Ina few cases, reliable information will be readily available, either in
 
published form or, upon inquiry, from engineering staffs of railways, port
 
authorities, and highway research stations. Information thus obtained
 
may reflect only some aspired-for capacity, far removed from reality.

This is particularly true for highways where records of traffic movements 
are not normally available, as opposed to railroads, ports, and pipelines
where accounts of traffic movements are customarily recorded. An attempt
should be made to verify all such capacity data by direct field surveys. 

B. The Concept of Capacity and Its Role inTransport Planning 

The concept of physical capacity does not by itself lend to the
 
solution of planning tasks. It is only when the physical variables are

translated into engineering or economic cost terms that they assume an 
operational significance and can contribute to the investment planning 
process. 
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BELICE EXHIBIT IV.I. CAPACITY OF EXISTING HIGHWAY SYSTEM 
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For any given facility of specified design standards, such as a
 
highway segment or a rail marshalling yard, as the volume of traffic
 
grows larger and larger a point will be reached at which average variable 
costs (operating, maintenance, and inventory costs)./ turn upward and
 
increase with every successive unit of traffic as congestion increases.

Obviously a "trade-off' exists between the increasing variable costs of 
the congested facility, on the one hand, and the capital costs for a
 
base facility with higher design standards (and therefore lower variable
 
costs), on the other. The engineering-economic task is to determine that
particular level of capacity or design standard --the optimal design

capacity --which results inthe lowest average total unit cost for the
 
volume of traffic which isexpected (taking into consideration, of
 
course, all expected feedback effects of transport demand on supply).
 

The optimal design capacity for any specified volume of traffic
 
will depend not only on the physical characteristics of alternative
 
facilities and the flow characteristics of the traffic. Itwill also
 
depend on economic factors; the opportunity-cost values of foreign ex
change, skilled and unskilled labor, the opportunity-cost rate of inter
est and the investment planning tinm horizon. Because these factors 
will vary widely between countries, standard charts which portray gen
erally applicable design standards insuch high income countries as the
 
United States may be entirely inappropriate for the less-developed

countries, and new standard guidelines must be derived by detailed
 
engineering and economic analyses.
 

Once these guidelines have been derived, the kind of capacity
 
survey described earlier inthis chapter may be undertaken. This
 
survey uses these guidelines as substitutes or approximations to the
 
more intensive engineering-eccnomic analyses. The surve serves to
 
define the broad outlines of the transport system and pinpoint poten
tial trouble spots; itprovides a perspective on the relative impor
tance of the various transport problems which may arise. Once the out
lines of the whole problem are established, the detailed analyses

described in Chapters VI and VII must be implemented to determine the 
best solutions ireach separate case. Inthis way the capacity survey
 
can contribute substantially to transport planning. But itshould never
 
be taken as more than an approximation, an overall reconnaissance method.
 

C. summary 

A summnary of the techniques of analysis, required information 
and sources of information isgiven inExhibit IV.2.
 

2/See Chapter VI below for a definition of the various cost components.

For some empirical information on the cost functions of different 
modes of transport see Richard B. Heflebower, "Characteristics of 
Transport Modes," in Gary From (ed.), Transprt Investment and 
Economic Development (Brookings Institution, 1905), pp. 4-68.7
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Required Information: 

Tecni Of

Analysis:Engineering 

Source: 

EXHIBIT IV.2
 

SMAA : APPRAISAL OF PRESN TRANSPORT 
 CAPACITY 

Economic-engineering determination of guidelines to capacities of alternative designspecifications of different transport facilities. 
Capacity mapping of each segment of existing transport system, separately for terminal 
and line facilities.
 

Tabulation of capacities of vehicle fleets. 

Definition of any seasonality in use of facilities. 

traffic flow/speed measurement experiments. Analysis of traffic flowstatistics. 

Economic-engineering analysis to determine optimal design capacities. 
Previous studies by engineering staffs of railways, port authorities, higbway research
stations, pipeline companies. 

Direct undertaking of traffic flow experiments. 

Simple statistical analysis of traffic flow data where available. (May be useful,not ordinarily adequate by itself.) 
but 



CHAPTER V 

ESTIMATING, BENEFITS FROM TRANSPORT INVESTMENTS 

A. Real National Income as a Measure of Benefits 

1. The "National Income Benefits Criterion" 

The inherent conceptual and practical difficulties in estimating
the benefits to a country from investment in "social overhead" facili
ties, of which transport is a prime example, have long been recognized.
There is little doubt, however, that the overall criterion, conceptually,

is the well-being of the citizens of the country, both at present and 
for future generations. Itis generally accepted that the best avail
able single measure of well-being is the country's real national income,
particularly income per head of population. Accordingly, it is the 
increase in real national income which can be attributed to a transport
project and to other complementary investments which is the primary 
measure of the benefits of that investment. 

It is clear that this criterion isnot entirely satisfactory

since there are some genuine welfare goods (such as leisure) and free

goods (like the air we breathe) which are not measured by national 
income. There may also be legitimate social objectives such as en
hanced political unity, income i listribution, improvements in health 
services, and reductions in injui.es and deaths due to accidents which 
are difficult to measure inmoney terms. Furthermore, the division 
between present consumption and real savings and investment, which
 
determines the division of welfare between present and future gener
ations, may reflect a wealth and income distribution which the public 
consensus, as reflected by the governmental decision process, regards

as undesirable. A value judgment may be made that it is desirable to 
sacrifice some increase in income inorder to achieve a preferred
distrbut incom e ferent groups of the society -- or 
vice versa. 

Because these noneconomic or intangible benefits cannot be 
measured in the same terms as the other components of the problem,
there is no obvious criterion which can be used automatically to compare
different projects. However, this situation, which is connon not only
to transportation but to nearly all public undertakings, is not entire
ly intractable. In general the analyst should: 

(a) Make every attempt to determine that the proposed benefits 
actually do exist, quantifying these in money or physical units where 
possible. Increased accessibility to medical care and eradication of
 
disease are real benefits. Political unity can be rather more elusive 
and imaginary, but establishing law and order, or putting down insur
gents in remote areas, can be very real and confirmed to be so. 

(b) Determine the costs of alternative means to achieve the same 
kinds of objectives. The costs to achieve these objectives through

alternative means can be used as one index of their value. 

(c) Where no other procedure is feasible, the intangible bene
fits of each project alternative can be described in as specific terms 
as possible along side the computation of quantifiable costs and bene
fits. Broad allusions to improved economic efficiency or enhanced 
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political unity are, without substantiation, worthless characterizations. 

When noneconomic benefits are portrayed in this way, it is 
always possible to compare the economic costs with the proposed benefits 
and the decision-maker is in a position to make a judgment on the prefer
able trade-offs between the economic and noneconomic costs and benefits 
of alternative proposals. 

In summary, the primary conceptual measure of benefits is the 
expected increase in real national inLome which can be attributed to the 
investment. In many cases involving empirical measurement of project
benefits where expected changes in land use, production, and traffic 
patterns resulting from the project are small in relation to the existing
levels and patterns of activities, a reasonably accurate and far more 
convenient estimate of the benefits may be constructed from various sur
rogate measures such as operators' or shippers' cost savings. Section 
3 below considers some of these alternative measures in relation to the 
national income measure, and in Sections B and C application of the 
national income measure is discussed. 

2. 	 Comparison of Public and Private Profitability Criteria 

It should be obvious that the national income benefits criterion 
proposed here is not comparable to a private profitability criterion 
which excludes not only the intangible social benefits, but also the 
seconlary economic repercussions (external economies) which are reflect
ed in the national income measures. 

If it is necessary to compare the relative profitability of 
investment in the private and public sectors, one should incorporate
secondary economic and social benefits into the estimate of the profit
ability of investment in the private as well as public sectors. Other
wise the benefits of investment in the public sector would be artifi
cially inflated due to the broader definition of benefits, and there 
would be a tendency to overinvest in the public sector. 1 / The necessity
for such comparison will certainly arise in these countries where tax 
policy and public investment are consciously related. 

3. 	 Comparison of National Income Criterion with Cost Savings and 
Land Value Measures 

The national income criterion proposed above, even with all its 
own conceptual weaknesses, may still represent a relatively high ideal
when compared to the time, data, apd other limiting circumstances of 
the practical planning situation.- In this context, one possible
approach might be to break down the increase in national income into 
components which could be mare readily observed and measured. This is,
of course, in fact the way that the problem has traditionally been 
approached, although not without loss of simplicity which has resulted 
in a great deal of confusion. Exhibit V.1 presents a comparison and 
synthesis of our possible approaches. 

I/ 	 See the further discussion and references given below, pp. 73- 74 
-	 Also see C.D. Foster, The Trasport Problem (London: Blace and Son,

Ltd., 1963), pp. 64, 135-139, for a theoretical discussion of the 
circumstances in which public and private profitability criteria 
result in different investment choices in transport. 

3_ 	But the practical difficulties of using a national income approach 
can 	be exaggerated. Consider the techniques proposed in Section B 
below and the examples given in Section C following. 

42 



EUIIBIT V.1. Comparison of National Income Measure and Other Measuresof Benefits of Transport Improvements 

[All measures are equivalent: Measure 	A aMeasure B - Measure C -Measure 	D, and each Measure is composed of one or mere separate
elements numbered (A), (B.1), (B.2), etc.] 

Measure A (A) 	 Increase in national incomeNataInaIncome due to 	investment in trans-Approach port and complementary 
activities.
 

Measure 	B (B.1) 	 Transport cost savings onMst Savngs present traffic and trafficApproach which would develop without 
transport improvement 

plus 

Increase or decrease in
 
economic efficiency of 
employed resources due to
 
increase of feasible plant
scale and improved technol
ogies:
 

(B.2) 	 Near the transport facility, 
and 

(B.3) 	 Elsewhere in the economy 

plus 

Employment of formerly idle 
resources in areas: 

(B.4) 	 Adjacent to transport facil
ity, and
 

(B.5) 	 Elsewhere in the economy 

Measure C 
 (C.l) 	 Increased profits to transMip-prs Savings port carriers 
Approach 

plus 

(C.2) 	 Savings to shippers located 
near the transport facility 

plus 

(C.3) 	 Savings to shippers located 
elsewhere but who ship over 
the given facility 

[The stm of elements (C.l) + (C.2) + (C.3) 	 equals element (B.1)] 

plus 
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CB;2), (B.3), (B.4), and 
-(B.5) ,as above 

Measure D 
ents orfland (D.1) Element (C.1) as above 

Value Approach 
plus 

(1.2) Increase in income accruing
 
to owners of land and other 
realty near the transport 
facility as rents
 

[Element (D.2) equals the decapitalized increase in value of land and 
other realty near the facility.] 

[Element (D.2) also equals the sum of elements (C.2) + (B.2).] 

plus 

(C.3), (B.3), (B.4), and 
(B.5) as above. 
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Measure A is the national income criterion, minus intangibles,
which was discussed above and is developed further below. Measures B,
C, and D, whose components represent commonly used measures of benefits, 
are defined so that they are conceptually equivalent to each other and 
to the increase in national income, measure A. Comparison of these 
measures in this format helps to make clear why partial measures such
 
as transport cost savings, shippers savings and/or land values 
can 	so 
easily be misrepresented inestimates of the benefits of transport

investments. These measures may either ignore various effects, assuch 

elements (B.3), (B.4), and (B.5) and sometimes (B.2) of Exhibit V.1,

and therefore tend to understate the actual increase in national income. 
Or they may add together two or more elements, which reflect one and the 
same benefit, and thus overstate the increase in income. For example,
it has not been unusual to observe either cost savings (B.1) or (C.2)
added to (D.2), the increase in land rents which reflect the reduction
 
in transport costs. To use such a measure represents double comting

of actual benefits._
 

Where the transport investment may be expected to create only
small changes in existing land use, production and traffic patterns the 
cost savings measure may be the preferred measure of the project benefits
if reliable cost data are available. Since it is relatively easy to 
estimate cost savings, element (B.1), has been the most commonly applied 
measure of the benefits of transport investments. Cost savings are cal
culated in various ways in practice, but usually consist of the expected
reduction in operating and maintenance costs resulting from the invest
ment, whjgh are weighed against the estimated capital costs of theproject-_
 

However, cost savings are inappropriate as the mer.sure of bene
fits where major changes in land use, production, and traffic patterns 
are expected. This measure excludes what may often be the most impor
tant effect in these cases: the increase in efficiency of presently 
employed resources and new employment of formerly idle resources in the 
area most directly served by the transport facility. This brings into
focus one major factor which must always be taken into consideration 
before estimating the ultimate benefits of an investment: the form 
which transport cost savings will take. An investment may result in a 
substantial reduction of transport costs, but the impact of these cost 
savings on the economy may either be quite important or of little signi
ficance.
 

3/ 	 A review of current practices indicates that estimates of benefits 
of proposed transport investments in the underdeveloped countries
have in several cases overstated benefits which were ultimately
realized. Overestimation of benefits has been due not only to thetyppe of double counting error described above but also to over
optimistic assumptions with respect to the rate of growth of traffic
fsee Chapter III.B above) and, in some cases, overestimates of sav
ings in operating costs.
 

4/ 	 See Hans A. Adler, "Economic Evaluation of Transport Projects," in
Gary From (ed.), Transport Investment and Economic Development 
(Brookings Institution, 1965), pp. 170-194; and Herbert Monring and
Mitchell Harwitz, Highway Benefits: An Analytical Framework (North
western University Press, 1962j. See also Road User Benefit Analyses
for Hghway Improvements, Committee on Planning and Design Policies
american 7ssociation oi btate Highway Officials (Washington, rev. ea.,
1960), which has been very influential in American HIghway planning
practices.
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The greater the amount of the saving through reduced charges to 
shippers and the greater their elasticity of supply, the greater will be 
the response of the economy in increased output, employment, and income. 
However, if all the transport cost reductions serve merely to increase 
the carriers' profits and there are no reductions in the rates charged 
shippers, the beneficial effect of the investment on the economy may be 
minimal. But on the other hand, experience has shown that transport 
operators, particularly small trucking firms, can sometimes be very 
enterprising in using the increased profits which result from public 
transport investments. In some cases they have financed new equipment, 
improved service, and other productive investments from increased pro
fits. Where this occurs, transport cost savings become the source of 
sizable new investments. Perhaps even more important, they create the 
opportunity for developing a new rational, profit-seeking, and risk
taking entrepreneurial group which is one of the most effective catalysts 
of economic development. 

An important advantage of the national income approach is that, 
in computing this measure (as described later), it is virtually impos
sible to overlook complementary investments. Associated facilities, 
such as housing, irrigation, fertilizers, and other private industry, 
are often necessary if any transport project is to increase national 
income. This isespecially true for penetration or development roads
 
in rural areas. In appraising an undertaking the total necessary in
vestments must be included in costs and the whole package compared with 
expected benefits. These factors are emphasized in the national income 
approach and can for the most part be predicted using the techniques 
outlined in Section B immediately following. 

B. Application of the National Income Measure of Benefits 

1. Definition of the Economic Region Affected by the 
Proposed Investment
 

For national transport planning, obviously the whole country is 
the appropriate economic region. But for studies at the project level, 
a smaller, more manageable economic region -- perhaps an economic 
corridor, or a river basin -- will ordinarily contain the major impact 
of the proposed transport improvements. 

The area affected by a single transport project depends both on 
the size of the transport cost reduction, and service improvement, and 
the sensitivity of output (or elasticity of transport demand) to cost 
reductions. In any case, both of these components, unit cost savings 
and supply elasticities, must be computed to determine projections of 
future output as described earlier in Chapter III.B. In practice, the 
ecopomst can determine geographic boundaries beyond which the effect 
on output of a given project is so small that its computation is not 
worth the cost of the study. 

Even for very similar investment proposals, the nature and size 
of a region which is appropriate for one case may be quite different 
from that which is appropriate for another in a different region or 
country. For example, the important effects of constructing one rural 
road segment may be contained within an area ten miles on either side 
of the road, and the effects of another road built to the same design 
standards in another region may influence economic activity fifty miles 
away. Determining the "zone of influence" of proposed transport improve
ments is a matter for expert economic consideration in each case. 
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2. 	 Projections of the Increase in National Income ich Would
 
Result trom Transport and Lomplementary investments
 

The basic method in estimating benefits is to make two output

projections: what output in an economic region would be without the 
proposed transport investment and what it would be if the investment 
were made. The difference between the two estimates is taken to repre
sent the benefit which is attributable to transport and its comple
mentary invebtments. 

a. Projections of Gross Physical Outputs. The expert economic 
analysis of the area affected by the transport investment (described in 
Chapters II, pages 6-11, and III.B) will determine the probable increase 
in output of all major products, taking into consideration the feedback 
effects of the proposed investment. The analysis is based on a survey 
of: (1) physical productive potential, (2) market potential, and (3)
investment plans of government and private industry. If the engineer 
or 	transport specialist can specify the location and axpected haulage 
costs for each proposed transport facility, then the agriculture, mining, 
forestry, and industry experts can estimate (at least within a range)
the change in output of each cormodity which could be expected to result 
from that particular investment. These calculations are identically
described earlier in the derivation of traffic projections. 
(Chapter III, page 2 7 ff.) 

b. Pricing of Projected Outputs. Projected gross outputs of 
most industries should be valued at their known or estimated wholesale 
price at the site of the farm or plant. This is true of such industries 
as agriculture, fishing, forestry, mining, manufacturing, and construc
tion._/ 

Generally, the following principles should be adhered to in 
adjusting for price distortions and changes:
 

(i) Increases in output for export or import substitution 
should be valued at the true opportunity cost of foreign exchange, not 
at realized market price after taxes. (See Chapter VI, page 74). 

(ii) Changes in foreign prices of imports and exports affect 
the real purchasing power of the country's foreign exchange earnings
and are a major determinant of the physical volume of trade. Therefore, 
it is of great importance that the future course of foreign trade prices
be projected as accurately as possible, and the effects of fluctuations 
in prices should not be statistically eliminated. (Because of the great
uncertainty of future terms of trade, it will often be useful to assume 
a range of possible trends.) 

(iii) Equiproportionate changes in the overall domestic prices 
resulting from purely monetary inflation or deflation should not affect 
the investment decision and should be statistically eliminated by valu
ing future output at constant prices. Decreases in the cost of transpor
tation and of goods which utilize transport as a result of the proposed
investment reflect real benefits to the economy and should be taken into 

2/Net output in the transport and trade sectors will ordinarily be 
determined not by gross output minus inputs but by direct estimates 
of factor payments to wages, interest, and rent. 
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account by: valuing future output at pricesconstant at the initial 
level._/ 	 I I ,I 

3. 	 Determining Income: Netting Out Purchases from Other
 
Sectors and Regions
 

The increase in national income for the economy as a whole does 
not equal the total or gross increase in the value of production as 
determined above since much of the reported increase may simply reflect 
purchases from other industries, both within and without the region 
affected. For example, gross sales of the food-processing industry re
flect purchases which have already been included in the gross output of 
agriculture. There are two basic methods of netting out purchases of 
intermediate inputs from gross outputs to arrive at the net output, 
value-added, or net income originating inwages, profits, interest, and
 
rent which can be attributed to each economic sector.7/ The first is 
directly subtracting all purchases from other sectors from the gross
 
output of each sector -- when this information is available or can be 
estimated. The second ismultiplying the gross output of each sector
 
by a separately determined percentage which represents the average net
 
value added in that industry. 

Because this is a regional, rather than a national, accounting 
framework, it is necessary to make a second adjustment to account for 
the loss of output incurred elsewhere in the economy by the shift of
 
labor and capital resources to the region affected by the proposed
investment. This means deducting the costs of these resources in their 
alternative employments. It is difficult to determine what part of the 
total increase in resources employed has actually shifted from outside 
the region and what part was formerly unemployed and represents no net 
loss. There is a matter which can be approached only by expert econom
ic analysis, and even then an approximation may be the best that can be 
hoped for, depending upon the individual case. 

Thus, we have two alternative measures for net income for each 

economic sector or industry: 

Deductible Costs Method 

Net sector income adjusted for = Gross output minus purchase of inter
interregional resource flows, mediate goodsiMiM wages, profits,


interest of resources, shifted into 
the region from productive employ
ments outside the region.
 

_/ 	But changes in the relative prices of inputs affect resource alloca
-tion and should not be eliminated. Current, no constant, prices
 
should be incorporated in both the economic and financial analysis 
in this case. See Chapter VI, p. 65. 

_/ Refer to any standard treatise on national income (or social) account
ing, such as Paul Studenski, The Income of Nations (New York University 
Press, 1958), Part II, especially Chapters 17 and 18. Walter Isard 
(ed.), Methods of Regional Analysis (Massachusetts Institute of 
Technology Press, 1960), provides an introductory discussion and a 
useful bibliography on both national and regional income accounting 
in Chapter 4.
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Percentage-Value-Added Method 

Net sector income adjusted for - (Gross output) x (percentage valueinterregional resource flows. added in this sector) 

minus wages, profits, interest of 
resources shifted into the region

from productive employments out
side the region. 

Finally, the total benefit of the transport and complementaryinvestments is given by summing the net value added (adjusted for interregional resource flow) for each sector, to arrive at the increase in
national income. 

Total increase in national Sum of increase in net value addedincome attributed to in- for each sector (adjusted for intervestments, 
 regional shifts of resources)
 
attributed to in"estments.
 

C. Examples of ActualApplication of National Income Measure 

the reader be overwhelmedLest 	 by real and imagined difficultiesin 	 the income estimation problem, two case studies which actually employed a national income criterion are presented in some detail here.
Because these are case studies of previous investment decisions, they
enjoy the advantage of hindsight. 
 This eliminates predictions from theproblem of estimating the increase in national income. However, allother problems facing planners in determining and valuing physical output, within the data limitations of the underdeveloped countries, areclearly evident. 
 These examples are presented not as 
ideal standards
but as attempts to implement a new methodology within severe circumstances. The author of 	this study contend that the approach used inthese cases, where new or developmental traffic is important, represents a superior measure of the benefits from investment in transport
and ancillary facilities than any of the traditional measures, despite

the obviously great limitations. 
Example : ComputLing Increase in National Income by Deductible-Cost 

Method: lSalvador'sLittoralHighway /
 

MEASURB T: 
 IDEAL AND POSSIBLE 

Ideally, to measure the agricultural changes thathave taken place after the building of the Littoral 
Highway, present cultivated area and output should
be compared with an estimate of what would probablyhave been the case had the road not been constructed. 

8/	This example is largely taken from Leon V. Hirsch, "The LittoralHighway in El Salvador, "Chap. IV inGeorge W. Wilson and others,The Impact of Highway Investment on Development (Brookings Institution, 196).however,somechanges in concept have been introduced , to 	conform with terminology used here, and the reader should consider the data presented as illustrative only.
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Available data 

Prior agricul-
tural output 

Development 
of cotton pro-
duction 

Decrease in 
output of other, 
products 

Estimating Increase in Gross Agricultural Output
 
ue to HigHway
 

Unfortunately, no comparative agricultural data 
by municipalities are presently available. Eventu
ally, figures for the 1961 agricultural census will 
be obtained and these can be compared with those of 
the 1950 census. Even ifthese figures were pres
ently available they would leave something to be 
desired, since early segments of the road were not
 
completea until 1958, and the final segments until 
1962. There was probably a delay in response to the 
road and therefore the 1961 census would not have 
recorded all of the effects of the road even in 
areas where it had been completed. 

There are some comparative agricultural data by

departments, but because departments run south and 
north, that is, from the coast inland, the available 
data are of little help in determining what happened 
along the east-west zone of highway influence. Also,
 
there is some doubt as to the accuracy of the data, 
since different sources, such as the Department of
Statistics of the Ministry of Economy, the Central 
Bank, and the Cotton Cooperative, disagree. 

This discussion of the available information is
 
not to be taken as critical of data generation in El 
Salvador. Although processing tends to be somewhat
 
slow, the general level of data generated isrela
tively good. These remarks are intended simply to 
give the reader some idea of the limitations of the 
information available.
 

Before the building of the highway, the main crops
in the littoral were corn and beans, the primary food 
crops of the country and the typical products of sub
sistence or near-subsistence farming. These crops
 
are often grown in conjunction with each other, that 
is, beans are planted between rows of corn. Cattle 
used for beef and milk were also raised, and sorghum, 
cotton, and sugar cane were other crops. Rice was 
grown dry and mainly sold abroad for seed. Much of 
the land was not utilized or was underutilized and 
devoted to woods or pasture. 

With the building of the Littoral Highway, there 
has been a striking and dramatic increase in the 
cotton grown in the region, particularly in the sec
tion from Comalapa to La Unid'n. Part of this region
(Comalapa-Usulutrn) was served by a passable dirt 
road before the highway was built, and some cotton 
was grown here. The major increase in output took 
place, however, after the completion of the new 
highway. 

This eastern region is also well suited to corn 
production, but with the shift to cotton, the amount 
of land devoted to corn has dropped sharply. In the 
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Measuring the 
increase in 
cotton pro-
duction 

Attribution of 

increase in out-
put to transport
and comple-
mentary in-
vestments 

littoral as a whole, it was estimated that the area 
devoted to corn dropped by half, although total out
put probably has not decreased significantly owing
to improved yields from the increased use of fertil
izer and hybrid seed. Bean production in the littoral 
is estimated to have decreased only slightly or to

have remained about the same since the construction 
of the highway. Cattle production in the littoral
has dropped markedly, as more intensive use has beenmade of the land previously devoted to pasturage.
Much of the cattle population was resettled in thenorthern region of the country. Output of the more
minor crops, rice and sorghum, has remained about the same. Sugar cane production has increased, but only 
a small proportion of the country's total output is
 
produced in this region.
 

In summary, the main agricultural change in the 
area has been a dramatic increase in cotton output,
over 80% of which is exported at world market prices.
Fortunately from the point of view of this study,
the vast bulk of El Salvador's cotton isgrown in
the littoral. 
Since national figures are available,

it is possible to use these to make some quantita
tive judgments as to the increase in cotton produc
tion which the highway has made possible.
 

Exhibit V.2 shows the growth in the area devoted
 
to cotton and its output in El Salvador. Growth has
been dramatic. Between 1953-54 and 1959-60 the area 
devoted to cotton doubled from 52,000 to 106,000

acres, and production increased by 2 1/2 times, from 
13,000 to 31,000 metric tons. There was even a
greater rate of increase after 19S9-60, the cropyear in which the Usulutan-La Union segment of the
 
Littoral Highway, traversing land of high cotton

potential, was completed. Between that crop year

and 1963-64, the devoted
area to cotton increased bymore than 2 1/2 times to 282,000 acres, , d output

more than tripled, to an estimated 102,000 metric
 
tons.
 

Itis a matter of judgment as to what cotton out
put would have been, had the Littoral Highway not
been constructed. However, a crude projection of
the trends in cotton output from the beginning of
the sharp rises after 1953-54 (see Exhibit V.2) to
1959-60, the year that the highway may be assumed 
to have been substantially completed, suggests thathad this trend continued, output in 1963-64 would 
have been approximately 87,000 metric tons. This 
is almost 15,000 metric tons less than the actual 
output estimated for 1963-64. It is therefore reasonable to attribute at least that much of the total 
output for 1963-64 to the highway. Inasmuch as seg
ments of the highway were completed and in use priorto 1959-60, it is likely that using the 1953-60 peri
od for the base trend, %ithout the road, understates 
the output attributable to the road. 
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Assumption 
stated for 
measuring de-
crease in output 
of other products 

Other neces-

sary invest-

ments 

Purchases of 
inputs from 
otter sectors 

Valuing Gross Increase in Physical Output 

I As can be seen from Exhibit V.2, the average price
realized drifted downward after 1954-55, but in 1959
60 it began to rise slowly. At a price of $584 per
metric ton, it is estimated that the gross value of 
the additional 15,000 metric tons of cotton output
attributed to the highway would be almost $9 million. 

Netting Out Intermediate Purchases
 

To determine the net monetary benetits from this 
increased p- ,duction, it is necessary to take account 
of the capital and operating costs involved in its 
production. Furthermore, an indeterminate amount 
might be deducted for the decrease in the output of 
alternative crops. The calculations are based on a 
very conser-ative estimate of the increase in value 
of cotton production attributed to the highway.
Therefore this latter factor can be assumed to be 
implicitly taken into account.
 

Deforestation, clearing, and drainage are neces
sary to prepare land for cotton cultivation. This
 
cost was estimated by the Ministry of Agriculture
 
to amount to an average of $70 per acre. Presumably
 
some areas did not require extensive clearing; how
ever, to keep our estimates conservative, the full
 
amount of $70 will be used in our computations.

Where there is significant ground slope, a further 
expense for protection against erosi-4 is involved. 
The Ministry of Agriculture encourages the building
of levees, charging $7.20 per hour for bulldozer 
rental. It is estimated that protection against

erosion cost qn additional $12 per acre. Further
 
investment isneeded for physical construction -
fencing, private farm roads, storage facilities, and
 
other buildings -- at an estimated cost oi an addi
tional $12 per acre. An indeterminate investment im 
tractors and other machinery is also required. Total 
capital costs to prepare the additional acreage which
 
has been planted in cotton since construction of the 
Littoral Highway are estimated at between $18 and
 
$20 million. Cr,ital costs applicable to new produc
tion made possible by the Littoral Highway would
 
therefore amount to about $3 million on the estimate 
that 15% of the recent output is properly attributable 
to the highway. 

At the time of the study there were varying esti
mates of the operating costs of growing cotton. The 
estimate used here is based on an average realized 
sale of $200 per acre with an average profit net of 
all costs of $46. A value-added figure per acre may
be assumed to lie somewhere above $46, since the 
opportunity costs of the land and labor will be be
low the costs actually incurred. Adjusting for this 
difference, the value added was estimated at $100 
per acre. On this basis the net contribution of 
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EXHIBIT V.2. El Salvador Cotton Production, Area, Quantity, and Price, 
1953-54 to 1963-64
 

Area 
(thousands

Crop Year of acres) 

1953-54 52.2 

1954-55 73.1 

1955-56 113.0 

1956-57 94.8 

1957-58 98.7 

1958-59 132.4 

1959-60 106.3 

1960-61 140.1 

1961-62 /J2.5 

1962-63 231.4 

1963-64 282.1 


Quantity of Lint 
(thousands of 
metric tons) 

12.9 

20.5 

30.8 

32.4 

36.0 

39.7 

31.1 

41.9 

58.7 * 

72.4 

101.9 (est.) 


Source: Salvadorean Cotton Cooperative, Ltd., 

Average Price 
(U.S. dollars 

per metric ton) 

761.9
 
734.1
 
634.2
 
617.5
 
593.0
 
517.9
 
571.9
 
584.3
 
585.7
 
584.3
 
N.A.
 

Memoria for 1962-63
harvest. (1963-64 data, Ministry of Agricultur-e-di-attle.) 
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cotton to the El Salvador economy can be put (in the 
1963-64 year) at $28.2 million. Again, if 15% of 
this is attributed to the highway, the net value add
ed (on the conservative basis of no further increase 
in future years) will be $4.2 million per annum. 
This figure is also approximated by taking- half of 
the gross value ($9 million) of the output attributed 
to the roac in the preceding calculations. 

Example 2: 	 Computing increase in National Income by Percentage-Value-
Added Method: The Cochabamba-Santa Cruz Hijhway9_ 

Agricultural Production 

The 	principal result of the cheaper linkage and 
other facilities has been the expansion of agricul
tural production documented in Exhibits V.3 and V.4.
 
Bolivia isnow, or will soon be, self-sufficient in
 
sugar and rice, and the Santa Cruz area accotmts for 
all but a small proportion of the country's produc
tion of these two products. Sugar, for which we 
have the most complete time series, increased ten
fold in physical volume of production between 1954, 
the year the Cochabamba-Santa Cruz Highway was open 
to traffic, and 1962. In 1962, domestic production 
accounted for 83 percent of consumption. Rice pro
duction is said to have tripled between 1958 and 
1963. Production of rice in 1962 about equaled what 
national consumption was estimated to be in 1958.10/ 

Estimating Gross Output Value
 

The first step in a numerical estimate of the 
current flow of benefits is an attempt at arriving 
at the Gross Regional Product (GRP) of Santa Cruz, 
as shown in Exhibit V.5. Column (1) of that exhibit 
gives estimates of the value of production by sector. 
Some estimates were arrived at by collating publish
ed data on local production by type of those cate
gories in which data are available. Other items were 
estimated by taking percentages of national totals, 
and some are rqther sketchily based on transportation 
records. One source of error in the estimate is that 
no allowance is made for products produced and con
bumed by farmers without recourse to the market place. 
On the other hand, "other activities" includes com
merce, and was estimated to be the same proportion 
of national activities as the region's population to 
national population. This category may be overesti
mated because the capital city, La Paz, probably has 
much more than its share of the national product. 

9/ This example is taken from Barbara R. Bergmann, "The Cochabamba
- Santa Cruz Highway," Chapter II in Wilson, op. cit. 

I0/ 	Maldonado San Martin, Gonzalo, The General Agricultural Marketing 
Report of Bolivia, Servicio Agricora interamerIcano, La raz, IbSI. 
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EXHIBIT V.3. Production, Consumption and Imwort of Sugar, Bolivia, 1949-1962 

Thousands of Metric Tons Thousands of U.S. Dollars a 

Total Value 
Domestic Value of Value Domestic 

Domestic Production Estimated Domestic of Production 
Year Production Imports Plus importsb Consumption Production Imports Plus Importsb, 

1949 .2 33.4 33.6 -- 32 4,321 4,353 
1950 1.2 36.8 37.9 -- 161 5,122 5,283 
1951 1.5 43.5 44.9 -- 233 6,905 7,138 
1952 2.3 33.1 35.4 -- 350 5,069 5,419 
1953 3.0 51.6 54.6 -- 332 5,768 6,100 

:1954 4.5 50.1 54.5 47.8 439 4,925 5,364
,'195S 4.3 42.8 47.1 48.3 409 4,046 4,454

1956 4.4 41.2 45.6 48.8 447 4,148 4,596 
1957 8.7 66.7 75.5 49.3 859 6,557 7,416
1958 15.5 33.5 49.0 49.9 1,550 3,362 4,912 
1959 17.5 46.1 63.6 52.3 1,629 4,278 5,906 
1960 24.5 26.5 50.9 54.7 1,996 2,156 4,151 
1961 41.2 20.0 61.2 57.2 3,412 1,658 5,070 
1962 49.2 20.5 69.7 59.6 4,205 1,755 5,960 

Source: La Industria Azucarera en 1962, Boletin Ec~nomico No. 4, Ministerio de Economia Nacional, 

La Paz (May 1963). 

aCurrent dollars at official rates. 

brows may not add to totals because of rounding. 



EXIBIT V.4. Estimated Rice Production in Bolivia ,1958-1963 
(Thousands of netric tons) 

Year Amount 

159 19.5 

1960 23.3 

1961 24.0
 

i962 24.0
 

1963 36.0 

Source: Ministerio de Agricultura, quoted in Economic and 
Program Statistics (U.S. Agency for International Development/ 
Bolivia, October 1963). 
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EXHIBIT V.5. Annual Gross Regional Product, 

Santa Cruz Department, 1962
 
(In millions of current U.S. dollars)
 

Sector 

Sugar 
Rice 

Timber 


Alcohol 
Cotton 

Other agricul
tural products 

Interurban road
 
transport 


Petroleum 

Other Activities 

Physical Volume 

49,000 metric tonsc 

24,000 metric tonsd 
4,329 thousand board 

feete 
6 million litresc 
3,000 metric tonsg 

11,000 round trips of
 
7,000 ton-kms. ea h1 


500 million litres 


aDerived from the ratio of value added 
petroleum. 

bsee text for explanation. 

CLa Industria Azucarera en 1962. 

nd Portion Attributable to the Highway and Other Investmnts, 

(C 


Value 
of Pro-
duction 

4 2 c 
3.8d 

.3 f 
1 0 

1:5h 

1.0J 

1.9 i 

6.01 

8.0 m 

2) 

Value 
Added per 
Dollar of 
Productiona 

.85 


.85 


.85 


.85 


.85 


.85 


.66 

1.00 


.80 


(3) 

Value 
Added 
(GRP) 

3.6 
3.2 

.3 


.9 

1.3 


.8 


1.3 

6.0 

6.4 

(4)" -


Approximate Value Added 
Attributable to the 

Highway and Other Non-
Petroleum Investments 

3.2 
2.8 

.2
 

.7
 
-. 0 

.7
 

l.2
 

3.2 

to production shown for 1958 by Planeamiento, 1961, Table 6, except for 



Footnotes to Exhibit V.5 continued 

dpublications giving (conflicting) production estimates include
"Estadisticas Agropecuarias," 
Ministerlo de Agricultura, La Paz, 1962,Datos Estadisticos Del Departamento De Santa Cruz, Oficina de Programs,USAID, La Paz, 1962 (nimeo.J, and a CBF memorandum, Influenzia delCamino Cochabamba-Santa Cruz en El Desarrollo Del Pais. The latter alsogives a price estimate as do SAI reports, from which Santa Cruz prices
has been extracted. 

eFrom a tabulation for 1961 made by the Director Forestal for TANS,
reported in Eric D. Dodge, Preliminary Summary of Bolivian Economy and
 
Transportation, Cochabamba, 1962.
 

fCBF, op. cit.
 
glbi__d.
 

hPrice on United States markets used in estimation. 

'Estimated from data in Barbara R. Bergmann, "The Cochabamba-Santa Cruz Highway," Chapter II in George W. Wilson and others, TheImpact of a Investmont on Develont'1906), Tables 4 and o. (Brookings Institution, 

jEstimated by the author on the basis that about 15 percent of thetrucks leaving Santa Cruz for Cochabamba carrying food and raw materials carry cargo in this category. (See ibid., Table 4.)
kUSAID, "Recent Trends in the Bolivian Economy," (mimeo, undated). 
1Estimated by applying to the estimated value of refined petroleuma multiplier equal to the proportion of value added by the petroleumindustry attributable to crude production in the United States. 

mrthe city of Santa Cruz has about 9 percent of the nonrural
population of Bolivia. This figure is derived from taking 9 percent ofBolivian value added, exclusive of agriculture, mining, petroleum, and
manufacturing. 
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Allowing for 
resources 
shifted from 
employments 
elsewhere in 

the 	economy 

II/ 	 For purposes 
rent, and so 

Netting Out Inputs from Other Sectors and Regions 

Since Santa Cruz industries buy goods both from 
each other and from outside the Department, the 
values in Column (1) include double counting of lo
cal productive activity and also include productive 
activity taking place elsewhere. Hence there is a 
downward adjustment in the numbers of Column (1)
made by applying the ratios in Column (2) to get an 
estimate for each sector's contribution to GRP in 
Column (3). The ratios were derived from the 1958 
input-output table for Bolivia. The final sum for 
the 1962 estimate of Santa Cruz Gross Regional Pro
duct is $24 million, about 6 percent of Bolivia's 
Gross National Product. 

What part of this $24 million gross increase can 
be considered a net benefit from the national view
point? From the income side of the ledger, GRP, or 
value added, can be broken down into wages, profits, 
and depreciation.ll/ It is a fair assumption that 
wage payments in Santa Cruz did not replace wage pay
ments which would have been made in other areas of 
the economy, had the Santa Cruz developments not 
occurred. This does not mean that the men working 
in Santa Cruz are assumed to have been unproductive 
in their previous occupations, but rather that their 
place was taken by others who were formerly much 
less productive or nonproductive, so that little
 
output was lost on this account. A similar assump
tion can be made concerning profit, considered as a 
reward to entrepreneurs. Depreciation assumes that 
a capital good could produce value equal to its 
depreciation in any Bolivian region, and therefore 
an estimate of depreciation is subtracted. Another 
way of thinking about depreciation is to consider 
that the wearing away of (imported) capital is a 
flow import from outside the Santa Cruz economy, and 
that this stream of imports should be subtracted for 
the same reason that imported raw materials would be. 

It might be argued that such items in the income 
account as "interurban" transport should show up as 
a cost rather than as a benefit, but to argue in 
this way would be to go against the logic of income 
accounting. The products which are transported in
clude in their value the cost of that transport, but 
their production, transport, and final purchase means 
that the benefit derived from them can cover produc
tion and transport. 

of this discussion, other shares such as interest, 
on are neglected. 
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Annual mainte- The nonlabo1 part of the cost of upkeep on the 
nance costs Cochabamba-Santa Cruz highway should be entered as 
treated as a a negative item in our benefit account. Total an
negative benefit nual maintenance costs are estimated at $333 thou

sand per year,L3 once past neglect has been made 
good. Nonlabor costs of maintenance are estimated 
at 14 percent.L3/ These maintenance expenditures are 
assumed to be sufficient to insure full productivity
 
to the highway. 

Attribution of Not all of the production in the Santa Cruz area 
increase in is attributable to the highway and associated invest
income to ments, so some of it must be subtracted to arrive at 
transport and the gross benefits of the highway. In Column (4) the 
complementary amount of productive activity attributable to the 
investments effect of the highway and other investments has been 

estimated on a somewhat arbitrary basis. For ex
ample, none of the value added inpetroleum has been
 
included, on the ground that this activity would have 
occurred without the highway. Similarly, about half 
of the residual category "other activities" (mainly 
services of all sorts rendered by the urban popula
tion) has been excluded.
 

These calculations are summarized in Exhibit V.6. 
The net benefits, which we have calculated as cur
rently running at $11.3-$11.8 million per annum cover 
benefit categories both (1)and (2)above, since no 
loss of production in other regions has been assumed. 

The extra-economic benefit that Bolivia now de
rives from the general improvement of the lot of the 
colonists and from their example to others is diffi
cult to calculate in a way which would gain general
 
agreement. But, as noted above, the difficulty of
 
calculation should not be resolved by the implicit
 
assumption that the best estimate of the colonization 
benefits is zero. The future benefits from this 
source will depend, of course, on the extent of the 
colonization.
 

D. 	 Summary 

, A summary of the procedures used in the national income bene
fits criterion is presented in table form. (Exhibit V.7, pages 62-63.)
 

1/ 	 Republica de Bolivia Junta Nacional de Planeamiento, Programa
 
Preliminar de Transportes (1963), Table 237.
 

L3/ 	Ibid., Table 158. 
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EXHIBIT V.6. Capital Costs and Current Flow of Benefits, Cochabamba-
Santa Cruz Highway and Associated Investments, 	 Bolivia 
(Millions of 1962 U.S. dollars)
 

Investment
 

Building of Cochabamba-Santa Cruz Highway $ 50 

Other Investments in Santa Cruz Area 

U.S. dollar aida 	 10
 
U.S. aid given inbolivianos 12-22
 
Trucks 1 _
 

Current Annual Benefits 

Net Benefits Relatively Easily Estimated:
 
Annual value added attributable to highway
 
and other investment 	 13.0
 

Less estimated nonlabor cost of annual upkeep

oTCochabamba-Guabira highway c
 

Depreciationd 	 1.2-1.7
 
Total 	 11.3-11.8 

Benefits Difficult to Estimate 

Colonization benefits 	 Now moderate,
 
but potentially
 
enomous. 

Improvement in demand and in raw Now small, but 
material supply for manufacturing potentially large. 
industries
 

Balance of payments benefits 	 Approximately nil. 

aIncludes sugar mill, rice processing facilities, experimental
 
farms, access roads, industrial and agricultural credit, expenses of
 
establishing colonies, etc. The source of investment data isUnited
 
States Contribution to the Development of the Santa Cruz Area, rogram
Office, USAID/Bolivia, La Paz, June 1962. This publication hras some 
ambiguities concerning the size of aid in local currency. Hence the 
range shown in table. 

b~xcept for the included investment in trucks, all of the invest
ment included was with funds lent or given by the United States. Thus 
some investment by the Bolivian government, international agencies, or 
by private citizens isnot included.
 

cLess than 0.05 million (14 percent of $.333 million). 

dComputed as 5 percent of "Other Investments in Santa Cruz Area" 
shown above.
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EXHIBIT V. 7 

NATIONAL INCOME BENEFITS CRITERION: 	 Projected national income if transport and relatednestments are
 
undertaken minus Projected national income if investmints are not
 
undertaken,-pus Most specific description possible for any closely
 
related noneonomic benefits.
 

PROCEDURE 

1. 	 Determination of the form which transport cost savings and service improvements take: Estimation of se-rice 
characteristics and unit costs of transport for all policy alternatives, including doing nothing to present system. 

2. 	 Delineation of the economic region which will contain the major part of the repercussions of the proposed investments 
on the location of agricultural, forestry, mining and industrial production, employment and income. 

3. 	 Projection of future agricultural, forestry, mining and industrial production, employment and income, with geographic 
location specified for the smallest possible geographic unit. (See Chapter III, pp. 26-31.) 

4. 	 Valuation of predicted butput at true opportunity values over time: In general, gross outputs should be valued at 
known or estimated wholesale prices, adhering to the following principles: 

a. 	 Outputs destined for export or for import substitution 
should be valued at the opportunity cost of foreign 
exchange. (See Chapter VI, pp. 66-67.
 

b. Future outputs for export or for import substitution 
should be valued at the predicted future opportunity 
cost of foreign exchange, taking into account any 
anticipated fluctuations in international prices. 

c. 	Changes in overall domestic price levels should be 
statistically eliminated by valuing future output for 
domestic consumption at prices constant at initial level. 



EXHIBIT V.7 continued 

S. 	 Netting-out intermediate purchases and shifts of productive resouces from other regions. For each economic sector
determine net incoe or value added in wages, interest, and profits by either or both methods: 

a. 	Deductible costs method: 

Net sector inccm = 	 gross output minus purchase of intermediate 
goods minus wages, profits, and interest of 
resources shifted into the region from pro
ductive employment outside the region. 

b. 	 Percentage-value-added-method: 

Net sector income = 	 (Gross output value) x (percentage-value
added in this sector) minus wages, profits,
interests of resources s--ted into the 
region from productive employment outside 
the region. 

6. 	 Increase in national income = sum of increases in net value added for each sector. 



QAPTER VI 

PRAISAL OF COSTS AND DETERMINATION OF 
ALTERNATIVE TECHNICAL SOLUTIONS 

Unfortunately, little is known about the general cost behavior 
of different transport modes under varying topographical, climatic, and 
geologic conditions. Little systematic effort has been made to inte
grate what information is available, categorl ing the various technolog
ical possibilities to specif ineven a general way the coaditions under 
which each is most feasible./ What we now know indicates that the cir
cumstanres peculiar to any case are of great importance and must be 
carefull> letermined: each case must be decided on its own merits. 

Thus, aiiinvestigaticn of the social costs of each separate mode 
of the present trai,snort system is one of the most important and diffi
cult facets of transpurt planning. The function of the study is two
fold. 

First, it reveals both the total level of transport costs and 
the relative costs of each of the alternative media. So it can help to 
determine if the overall expenditure on transportation isunnecessarily 
high in light of available technology and resources, that is, if new 
investment in transport (for physical facilities or for better adminis
tration, training of operating personnel, etc.) appears warranted. Such 
a cost study can also indicate whether a high level of total costs could 
be reduced by more efficient allocation of traffic between the existing
 
modes by means short of (or complementary to) investment, for example, 
through rational rate-making and taxation policies. Second, an analysis 
of present costs serves as the basis for projecting operat'ng costs of 
the future transport system. Of course, the extrapolation of present
day costs to predict future costs must be done carefully, anticipating 
-- as much as possible all changes over time in the underlying deter
minants of costs.2/ 

In the sections that follow, a framework for analyzing the costs 
of alternative solutions to "transport problems" is presented. The 
transport problem may vary greatly. In one case it may be the need for 
a road connection with no feasible alternative mode, although there are 

__There is research underway in this general area at the Harvard Uni
versity Transport Resear Program. A lucid discussion and survey of 
existing information on the alternative cost characteristics of the 
five basic modes is given in Richard B. Heflebower, "Characteristics 
of Transport Modes," in Gary From (ed.), Transport Investment and 
Economc Development (Brookings Institution, 1965), pp. 34-6. See 
aso r erman, Transport Technology for Developing Regions: 
A Study of Road Transportation in Venezuela - Press, ivooj.line ... 

2/General equiproportionate inflation of all prices over time presents
 
no problem in economic costing -- future costs should be valued in
 
constant money terms, that is, at present opportunity prices. Finan
cial costing must be based on current prices, and therefore ent TiT 

e need to make some projection of any expected inflation. Any ex
pected changes in relative prices of transport inputs are relevant,
 
and must be anticipated to the extent possible, and incorporated into 
the analysis. Costs for entirely new modes not presently in operation
 
must necessarily be projected from engineering analysis. For a dis
tinction between financial and economic appraisal, see p. 81-02. 
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still the important alternatives of road location, design standards, and 
staging. Other cases may involve broad-scale transportation plans for 
regions, nations, or even groups of nations. But the underlying cost 
appraisal is the same: determining the effective engineering alterna
tives and estimating the costs of each alternative to determine the
 
least-cost solution_.3/
 

A. 	Principles of Economic Costing 

I It is investment planning, the purpose of which is the efficient 
allocation of resources to maximize the social and economic objectives

of the country, which concerns us here. Financial plnning -- which
 
deals with problems of securing and scheduling repayment of necessary

loans or grants as well as meeting operating costs of the project -- is
 
not discussed in any detail here._/ Six principles, derived both from
 
economic analysis and engineering field experience, apply to transport
 
investment planning:
 

1.Divergence of nput prices from opport4 costs. There 
are four major instances in which the prices of 
production inputs may diverge from their opportunity costs: 
inputs of skilled and unskilled labor, inputs of capital,
inputs which utilize foreign exchange, and inputs upon
which sales and other indirect taxes are imposed. For 
economic planning and tht efficient allocation of the 
country's scarce resources, these resources should be 
valued at their opportunity co-*s; for financial planning
and administration they should be valued at their market
 
prices. Ordinarily both calculations should be made. 

The opportunity cost of any factor of production in a given use
 
is the value of the output of the factor in its next-best use which is
 
foregone when that resource is employed in one use rather than the other. 
The opportunity cost of $1 million in capital funds used to build a road 
is the value of output which that amount could earn in its next-best use, 
say, a cement plant which is not built because of the lack of funds. 
Ordinarily it is assumed that the market price of any factor reflects, 
or is more or less equal to, its opportunity costs. Where this relation
ship breaks down, evaluation of capital projects on the basis of market
prices will not ordinarily lead to selection of that group of projects
which contributes the maximum amount to national income. In under
developed countries market prices of some factors may diverge from their 
true opportunity costs. Wages of skilled labor, market prices of capital,
and foreign exchange cost components are often undervalued, and the wages
of unskilled labor overvalued. When this situation exists, approximations
of opportunity costs of factors should be provided by the country's plan
ing commission or similar agency, or even by an international lending 
agency which may be involved in the project -- preferably not by the 
transport consultants. But if the figures are not already available 

3/ 	 Of course, the services of even very similar alternatives will differ 
in greater or lesser degree. This means that a solution cannot be 
reached on the basis of costs alone and the analysis mast also take
into account the a fferent benefits of each alternative. For this
final composite analysis, see Chapter VII. 

4/See pp. 81-82. 
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from these sourcs, itwill be necessary for the analyst to estimate
 
them directly.5/ Sales taxes, license fees, and import duties on cost 
components of the project, which do not reflect opportunity costs,

should be excluded from the estimate of costs for economic appr.aisal. 

2. Sunk costs of non-renewable assets. Investments which 
have already been made and which have little or no value 
(net of salvage costs) inalternative uses, involve no
 
opportunity cost to the economy; they are either employed
in 	 the fixed use or lie idle. Hence they are irrelevant to 
the new investment decision and are to be ignored. 

Investment planning, even 	 isin 	developing countries, oftenconcerned with additional capacity and extension of existing facilities.
Where usable facilities exist, even cleared rights-of-way for a very low 
quality Tail line or road, only capital charges and maintenance expenses

for the added investment inthe new facilities are relevant. Neverthe
less, replacenent of the established mode may be better, either because

of technological advance in this mode or because actual volume has prov
ed to be so small, that relevant out-of-pocket costs of the established
mode would exceed the entire extra costs of the substitute mode. For
 
example, one study of Argentine railroads concludes that to rehabilitate 
and maintain the basic facilities and operating equipment of a number of
existing light-traffic rail lints would involve new-expenditure costs 
per ton-kilometer in excess of .he total cost of abandoning the railroad 
and utilizing parallel highways and operating trucks over them.
 

3. 	 System-wiLde csts. An estimate of costs for a proposed
solution should include all costs to the economy necessary
to 	implement the proposal. A proposed solution may entail 
necessary expenditures on feeder roads and vehicle fleets
 
and virtually always implies future maintenance expenditures

of some form. The danger that necessary complementary
investments will be overlooked is greater in the case of the 
single project appraisal than for overall transportation
 
surveys and planning.
 

4.Alternative solutions. Investment decisions refer to choices
 
between alternatives; if there were no alternativez, there 
would be no point in investment analysis. There always ex
ists the important alternative between doing something and 
doing nothing. Therefore, the investment analyst will bear
 
the burden of proof that the recommended project is actually
the preferred one considering all circumstances.
 

_/	For further discussion of the concept and measurement of opportunity
costs and their relevance to project appraisal, see Jan Tinbergen, The 
esign of Development, Economic Development Institute of the Interna

tional Bank for Reconstruction and Development (Baltimore: Johns Hopkins
University Press, 1958); A. Qayum, The Theory and Polic of Accounting
Prices, (Amsterdam: North Holland Publishing Co., 1960); Hollis B. 
?Fenery, "Comparative Advantage and Development Policy," American Eco
nomic Review, LI, No. 1 (March 1961), pp. 31-39; and Hans Adr,
"Economic Evaluation of Transport Projects in Less Developed Countries: 
Theory and Application," in Gary Fromm (ed.), Transport Investment and 
Economic Development (Washington: The Brookings Institution, 1965). 
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Many alternative solutions to any given transportation problem 
may exist. There are fundamental alternatives Among modes or combina
tions of modes -- whether road, rail, water, pipeine, or air. In many 
cases, choice amng modes will not be an issue because terrain, traffic 
characteristics, neirness to existing facilities (inrail and water sys
tems), and other faciors make the solution self-evident; in other cases, 
a choice anong alternative modec will constitute the primary issue. In 
any case, the .nvestment study must explicitly demonstrate that the pro
posed solution ,s the preferred one. A major weakness of many earlier 
transport studLes was their fai lure to analyze the prospects of inter
modal substitatabilities and complementarities. 

ImporLant nontransport alternatives may exist. Various ways of 
prucessing the goods which constitute the potential traffic may be alter
natives to transport. This is true for many agricultural and othb.r raw 
materials. Another alternative is the substitution of long-distance
high-voltage transmssion of power from hydroelectric sources for hauling 
coal from collieries to thermal power plants. In some situations a 
greater number of smaller manufacturing plants serving smaller markets 
may be preferred to improved transpoit and a fewer number of larger
plants. Plant locations involve a trade-off between the economies of 
scale in plant concentration and the increased cost of transport to the 
wider markets necessary to support a large plant. Mhen economies of 
large scale are relatively important, the demand for transportation will 
be greater, and vice versa. India is one country in which increasing 
att-tion is being devoted to the trade-offs between plant scale and 
transport costs.
 

Another major group of alternatives for appraisal centers on the 
choice of design standards and spacing over time. Even if the future 
traffic is completely certain, there are important trade-offs between 
present capital expenditures and future capital and maintenance expend
itures.
 

If a rapid rate of traffic growth is expected, it may be effi
cient to incur high present capital costs by building to high standards,

in order to avoid the much higher costs of expanding lower standard fa
cilities when traffic demands exceed their capacity. For example, it 
may be much cheaper to build a four-lane bridge now rather than one two
lane bridge now and another two-lane bridge within ten years. For a 
rural road, with small present traffic volume, it may be best to build 
the road base to high standards, but provide only a low grade bituminous 
surfacing until traffic growth warrants a heavier surface. Although
higher vehicle operating costs and road maintenance costs may be incur
red now, these may be more than offset by savings on capital costs. 

The opportunities for such "staged construction," increasing 
capacity by small increments over time to accommodate only actual traffic 
incroases, should never be overlooked. By building to high standards now 
and incurring high present capital costs, much future expenditure on 
maintenance can be avoided; or by building to low standards, much present
capital cost can be (not avoided but) postponed in the form of high future 
maintenance costs. Ingeneral, the best solution depends on three fac
tors: (1) the relationship between design standard., volume of traffic, 
operating costs and maintenance costs; (2) the relationship between the 
costs of constructing high capacity now and expanding capacity later;
and (3) the rate of interest at which future costs are discounted to 
compare with present costs. 
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Uncertainties, which are bound to be great, require policieswhich tend to minimze the impact of surprises. Ordinarily, this willhave the effect of discouraging high present standards and po-tponingoutlay wherever possible. 
The American engineer who isconditioned by
highway transport in the United States, where itmakes sense to build
to high standards well ahead of a rapidly growing demand,stand at must underleast two circunstances which are different in the less developed countries. 

The expected rate of traffic growth may be much lower and the uncertainties are always much greater. While there are examples where thebuilding of modern high-capacity transport facilities resulted in dynamicnew economic growth with a proportional increase in traffic, there arealso many examples of new transport developments lying wastefully idle. 
The opportunity

higher than in the 
cost of capital (rate of interest) may be muchUnited States, which means that future costs arevalued less highly relative to present costs. This implies, for example,
that standard charts which portray the optimal trade-offs betweep presentdesign and user costs and future maintenance costs based on experience inthe United States are wholly inapplicable to the underdeveloped countries._/
 

5. Time profile of costs. 
Some costs, such as capital costs,
are incurred immediately, while others, such as maintenance
costs, are incurred at a later date. Since we know that adollar expended today isworth more than a 
dollar expended
ten years from today it is vitally important to identify thespecific forr of the costs flow over time. The point intime at which each expenditure is expected to occur mustbe noted, and the entire stream of anticipated expenditures
should be in the form of the "time" profile diagram illustrated in Exhibit VI.l. Note that no amortization or depreciation payments should be included in the economic analysis,only the actual capital cost, maintenance, operating cost,
and inventory costs as they are incurred. 
Of courbe, it is
essential that the anticipated amortization and depreciation
schedules 
e presented explicitly in the financial analysis.
 
6. Confidence limits for cost estimates. Past experienceindicates that est:mates of construEtion costs for capitalprojects are subject to wide errors, usually understatingthe actual costs which are ultimately incurred. The costsestimator should determine both a 
single most probable
estimate and confidence limits, an outside high and an inside low estmate within which actual costs may reasonablybe expected to fall. 
The analyst should consult with highway
departments and other transport agencies, as well as theinternational lending agencies, so as to benefit from previous cost experience within that country. 

B.Transport Cost Components 

It is necessary to determine the time profile of economic costsfor each possible investment considered, always including the alternatives of undertaking no investment or even abandoning present transport 

Y No such tables which are applicable under a completely general range,
of conditions 
are known to exist. See footnote 1/on p. 65. 

69
 



services. It is social cost as distinct from financial outlay or out
lay, of the carrier which is relevant to the economic analysis. Social 
cost of transportation is the value of resources which are actually 
consumed in the transport of the traffic from the dcor of the shipper 
to the door of the receiver. Social cost thus includes not only car
rier costs but also those costs which are incurred directly by the ship
per; for example, the costs of packaging for transport and interest 
charges on inventory.
 

The financial anriysis wil define costs from the point of view 
of the carrier company or public transport authority, including all money 
outlays but nothing more.
 

Here we refer exclusively to the economic or social costs. Thb 
necessary degree of refinement in costs information will vary from case 
to case. It need never go beyond the point at which it is possible to 
make a conclusive determination of the preferred solution. Of course, 
the main consideration will usually be the scarcity of data available 
to make a scientific determination of costs within any acceptable limits 
of confidence. 

(1)Capital Costs
 

Capital costs are the costs of the basic facilities and equip
ment. Basic facilities such as terminals, highways, railroad tracks, 
and related structures ordinarily have a much longer life span than the 
equipment, such as trucks, rail rolling stock, or cargo handling equip
ment. (See Exhibit VI.l[a].) 

Estimation: Cost all nonrenewable existing facilities at net 
salvage value, if any. This will ordinarily exclude a large part of the 
capital costs of the present basic facilities, such as highways and 
structures, rail beds and structures, and port structures. On the other 
hand, terminal buildings, warehouses, and equipment will usually have 
some net salvage value. 

The time profile of capital costs of new construction and equip
ment (including costs of future capital replacemerts for the present 
system) will be determined by standard engineering prac ices. (See 
Exhibit VI.l[a].)
 

(2)Maintenance Costs
 

Maintenance costs are the outlays necessary to keep the basic 
facilities and equipment in operation. Maintenance is in part a func
tion of the amount of usage and in part a function of aging. 

Estimation: The time profile of annual maintenance costs for 
proposed facilities and equipment will be determined by engineering tech
niques; maintenance costs of existing facilities and equipment may be 
determined either by engineering estimates, or by any of the methods of 
estimating operating costs discussed below. (See Exhibit VI.l[b].) 

(3)Operating Costs
 

Operating costs are those costs necessary to carry the traffic 
over the basic facilities. They are incurred mainly by the carrier 
companies and they vary in response to the volume of traffic over the 
basic facility. 
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EXHIBIT VI.1 

ILLUSTRATIVE TIME PROFILES OF COSTS FOR
 
N-YEAR PLANNING HORIZONq
 

[Note: Each element of cost -- Ck, CmI Co, Cn -- should be distinguished
 
in a separate graph.]
 

(a) 	Capital Costs (b) Maintenance Costs 

Years Years 

1 . 2. 3 . 4 N 

C3 

C2 

$Million CM $Million 

(c) Operating Costs 
Years 

(d) Inventory Costs 
Years 

1 . 2 . 3 *4 . 5 .. N 1 . .. 4. 4 N 

$MillionC0 	 C M illon 
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The operating costs of each different mode of transport will

respond in a different way to varying traffic characteristics (such as
 
average length of haul, size of shipment, passenger and comodity mix,

speed and frequency of service) and physical circumstances (such as

terrain and climate). Broad averages based on system-wide totals of
 
operating costs and gross ton-miles of traffic reflect the net effect
 
of these many varying and sometimes opposing tendencies. They are

unsatisfactory to use for estimating costs in any specific investment
 
situation, except where it can be shown that the various cost determin
ing factors are quite similar inthe specific case.
 

Estimation: It is important, first of all, to identify the
 
fundamental cost-deternuing factors in the specific planning situation
 
so that the analysis can be directed toward the relevant circumstances.
 

The estimates of annual operating cost should be derived in the 
following way: for proposed new facilities determine average operating

costs on comparable facility under similar conditions elsewhere in the
 
same country by standard engineering practices or other costing techniques,

discussed below;Z/ estimate present costs over existing facilities direct
ly if possible, otherwise estimate on the basis of comparable facility
including allowance for increasing unit costs due to congestion where
 
necessary. Multiply expected traffic volume 
 for each year by the estima
ted average costs to determine the time profile of annual operating costs
 
as shown in Exhibit VI.l(c). 

(4)Inventory and Other Costs
 

iiventory costs reflect the time consumed in,and the uncertainty

of, transport. Ordinarily the shipper must tie up capital funds in the
volume of goods being transported, and the interest charges on these 
funds represent an inventory cost which is greater the longer the time
required in transport. Similarly, if transport service to any specific
location is infrequent, then business firms there must invest in inven
tories of the products which they buy and sell, and the less frequent
the servi the greater the interest costs. Again, regardless of the
 
average length of transport time and the average frequency of scheduled 
service, if the service isnot reliable, then larger inventories and
 
inventory costs will result. Closely related costs are due to spoilage
losses which may occur when perishable commodities are detained too long
in transit; we include these under inventory costs here. Transport modes
 
vary with respect to speed, fiequency, and dependability. These service

characteristics can ssume pivotal importance in determining the best 
means of transport. (See Exhibit VI.l[d].) 

Estimation: Inventory costs may be approximated by the follow
ing fornml-a: 

Annual Inventory Costs - (V) x CD) x Ci) x (t/365) 

where: 

V - Average value per ton of existing or projected traffic. 

D - Number of tons originating of existing or projected 
traffic, i.e., annual number of tons shipped. 

7/ See Section C, pp. 73 ff. 
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i = (Opportunity) annual rate of interest. 
t - Average number of days in transit, from door of 

shipper to door of receiver., 
Because this measures only interest charges on goods in transit,it is not an all-inclusive measure of inventory costs, but an underestimation of the actual.8/ However, it may often be such a large componentof inventory costs that the study costs of deriving more refined estima

tes are unwarranted. 

Losses due to damages in handling freight are costs of transport
and may be important in some planning situations. Damage claims paid bythe carrier may provide a major source of data, but they may also understate actual losses considerably. 
A survey of shippers or possibly
insurance companies, may provide enough supplementary information for amore satisfactory estimate. 
The estimate should be defined for each
 
year of the planning horizon.
 

Exhibit VI.l(d) illustrates a 
time profile of inventory and

associated costs.
 

C. Estimation of Operating Costs: 
 Sources of Information
 
andTechniques of Analysis 

Estimating transport operating costs is important and difficult.Four approaches to cost estimation are outlined below. 
They are not
alternative techniques but complementary tools to be used jointly wherever possible in attempting to construct a 
factual profile of this elusive subject. Each estimate can be used as a cross-check against every
other estimate and in this way a much firmer estimate can be had than byusing any single approach. The four basic approaches discussed beloware: 
 (1)rate surveys, (2)conventional cost accounting, (3)engineering costing and controlled cost accounting, and (4)statistical costing.
 

1. Highway rates surveys. The basic assumption of the rates
survey isthat, in certain circumstances, the rate charged by highwayc irriers (and sometimes inland water carriers) for a particular movement
reflect quite closely the costs incurred in that movement; and profit issmall, reflecting only risk-taking and the "normal wages" of management.This assumption is generally true, and the method is appropriatehighway carriers in a 
highly competitive situation where there are 
for 
manysmall carriers, such as one-truck operators, and no collusive rates 

agreements are in effect. 

Rates charged will reflect some allowance for depreciation ofvehicles, other equipment, and facilities incurred by the carrier firm.(No allowance may be included in unusual and extremely competitive situations.) 
These charges must, of course, be subtracted from the rates if
they are already included in the capital costs estimates. They may beestimated by any of the other three costing approaches. 

_/ For a 
discussion of the concepts of inventory costs in transportation
and an important application thereof, see John R. Meyer, Merton J.'
Peck, John Stenason, ar Charles Zwick, The Economics of Competition
intheTransportationIndustries (Harvard University Press, 159J, 
pp. l89-193, 348-353. 
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Rates actually charged, as distinct from quoted or published 
tariffs, must be used. These can be ascertained by an interview survey 
including carriers, shippers, and traffic brokers (if any). 

2. Conventional cost accounting. This approach may be used in 
larger transport corpanies to determine average unit costs of particular 
operations under varying conditions. These accounts may be available 
privately, or from carriers' associations or regulatory authorites; and 
total costs of specific movements can be built up from them. Again, any 
allowance for depreciation of vehicles and equipment included elsewhere
 
should be excluded here. 

The difficulty of allocating common costs among different types 
of traffic, fundamentally between passenger and freight, is a concep
tual limitation of this technique. An even more important practical 
limitation may be the lack of available, reliable information. Small 
firms may not keep even basic accounts, let-alone accurate cost accounts; 
and every private firm has an incentive to overstate costs for tax rea
sons, while public transport companies may have incentives to understate 
or conceal costs.
 

3. Statistical costing. By means of cost surveys, the appraiser 
tries to determine total costs of operation and total gross ton-miles of 
traffic hauled by groups (samples) of transport carriers. He then ap
plies statistical techniques, of greater or lesser sophistication, to 
breaking the totals into meaningful relationships between unit costs and 
various cost-determining circumstances. Here, too, there is often a 
lack of available, reliable data on which to base such studies. 

Statistical cost studies of railroad operations, which may be 
based on a series of data over time for one firm as well as on a cross 
section of different firms at a given point in time, are probably the 
most important example of statistical costing techniques; statistical
 
costing can provide the most satisfactory answer to the problems of 
allocating common costs among different traffic oatputs and distinguish
ing variable from fixed costs. The disadvantage of the technique is its 
technical sophistication and high costs. 9 / 

4. Engineering costing and "controlled" cost accounting. By 
these techniques an attempt is made to determine technical input coef
ficients of each operation of the transport movement, such as the input 
of fuel required to move one gross ton-mile of freight over a road of a 
specified gradient and surface type, all other factors being held con
stant. Total costs of any specified movement are then built up from 
these coefficients. This approach involves some form of engineering 
experiment or cost accounting inan actual transport operation with 
controlled conditions. The methods can help to allocate common costs 
among different traffic types and yield more reliable information than 
conventional techniques. However, since these data are rarely, if ever, 
available from the carriers' own accounting operations, these techniques 
involve significant study costs. 

,2/ a discussion of the techniques, their suitability, and an impor-For 
tant application to U.S. railroads, see Meyer et. al., op. cit., 
pp. 27-63, 277-327. See also A.A. Walters, "P-'EfioniiUT st 
Functions: An Econometric Survey," Econometrica, Vol. 31 (January-
April 1963), pp. 39-52.
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D. 	 Stmtary 

A suTary of the basic principles, required information, sources ofdata, and techniques of analysis for costs appraisal is presented in
Exhibit VI.2.
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EXHIBIT VI.2 

SUI4ARY: DETE1MINATION OF ALTERNATIVE TECHNICAL SOUJTIONS AND APPRAISAL OF COSTS 

Required Information: 	 For each technical alternative, a projected time profile of estimated costs for each 
of the three major components, capital (Ck), maintenance (Cm), and operating (Co),
and for the fourth component, inventory costs (Cn), where important. 

Principes of Economic 
ostng: 1. Exclude sunk costs of nonrenewable assets. 

2. 	 Include all systems costs directly related to the given investment, such as 
vehicle fleets and feeder roads. 

3. 	 Value all inputs at opportunity costs where this differs from market price, 
excluding all sales, import, and other indirect taxes. Often the market 
price of foreign exchange and capital will be undervalued, and unskilled 
labor overvalued. 

4. 	 Provide cost estimates for each major alternative. 

S. 	 Include upper limits for cost estimates within which actual costs may 
confidently be expected to fall. 



EXHIBIT VI.2 - continued 

Mode 	 Required Information 

Highway 	 Rates survey for con-
ditions similar to cost 
determinants of problem 
at hand to estimate both: 

(i) 	 present costs 
(ii) 	 costs on proposed 

facility, 

Highway 	 Costs estimate as spec-
ific as possible with 
respect to the cost 
determinants of problem 
at hand for both: 

(i) 	 present costs
(ii) 	 costs of proposed

facility, 

Source of Data 

Survey of 	truck 
carriers, 	 ship-
pers, and 	traffic 
brokers. 

Caution: actual 
rates may 	differ 
from published or 
"quoted" rates 

Trucking firms. 
Trucking associa-
tion. Regulatory 
boards. 

Highway research 
organizations or 
direct experiment. 

Techniques of Analysis 

Direct determination of 
rates over given route or 
routes with similar cost 
circumstances to case 
being studied. 

Conventional cost ac-
counting. 

Simple statistical analysis
of sample conventional 
accounting. 

Engineering experiment 
and controlled cost ac-
counting. 

cost 

Advantages 

Low cost. 	Avail-
able 	in detail 
for different 
circumstances, 
Can be quite
reliable, 

Low cost. Most 
readily avail-
able, simple to 
understand. 

Can deternune 
representative 
costs under wide 
range of cost 
circumstances, 

Disadvantages 

Inappropriate for 
noncompetitive 
situation, where 
carriers are few 
or rates agree
ments exist. 

Inaccuracy of 
reported data. 

Moderate cost. 
Inaccuracy of 
reported data. 
Possible errors 
of statistical 
analysis. 

Accurate informa- NI-.Arate to high
tion. Experiment Lust. 
can be tailored 
for specific prob
lem at hand. 



EXHIBIT VI. 2 - continued 

Mode Required Information Source of Data Techniques of Analysis Advantages Disadvantages 

Railway (same as for highways) Railway Co.: Pub-
lished or internal 
data. Regulatory 
authority reports. 

Conventional 
accounting. 

cost Most readily
available. 
Relatively 
inexpensive, 

(i) Averages for dif
ferent types of passen
ger and freight ser
vices, different 
lengths of haul, dif
ferent parts of the 
system conceal impor
tant variations. 
(ii) Difficult to 
allocate c,:.eads 
among join. -utput. 
(iii) Difficu-t to 
distinguish variable 

CO from fixed capital 
costs, and distinguish
incremental costs fromn 
average costs. 

(Same as above) Controlled cost experi- Can break down Difficult to allocate 
mentation distinguishing 
operational cost compo-
nents. 

averages to 
distinguish 
among differ-

between passenger and 
freight services. 
Also same as (ii) and 

ent freight 
services and 

(iii) of conventional 
cost accounting. 

different 
lengths of haul. 

Statistical analysis. Best approach 
to problem of 

Expensive and 
technically quite 

separating vari-sophisticated. 
able and fixed 
costs, alloca
ting overheads. 



EXHIBIT VI.2 - continued 
Mode Required Information 

Water
1. Ports 

2. Vessel 
Operating 
Costs. 

Source of Data 

Port Authorities 

Shipping 
Companies 

Techniques of Analysis 

Conventional cost 

accounting. Controlled 
costing. 

Conventional cost 
accounting, simple
statistical compilation. 
Controlled Losting. 

Advantages Disadvantas 
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CHAPTER VII 

DECISION CRITERIA FOR CHOOSING AMONG ALTERNATIVE 
INVESTMENT POSSIBILITIES
 

The purpose of the pre-investment appraisal is threefold: (l)to establish the engineering feasibility of proposed projects and todetermine all technical and administrative requirements necessary toprovide a viable, effective transport service; (2)to provide cost estimates upon which necessary financial arrangements can be based; and (3)to choose from a broad range of alternatives that particular solutionwhich will result in the maximum possible gain to the country concerned.It is primarily this choice of the "best" project from the point of viewof national *elfare to which this manual is directed. 

Previous chapters have discussed individual components of theinvestment analysis: The resource and industrial base, Aie demand andsupply of transport services, and the benefits and the costs of individual transport projects. In the present chapter these various factors are brought together and i tegrated into a formal framework for compar
ison and choice between alternatives. 

A. Financial Versus Economic Criteria 1/
 

A maximum contribution to the national welfare isindicated
primarily by the expected increase innational income, but it also includes a contribution to other economic and social goals, such as moreequal income distribution, improved medical care, political tity, and
similar objectives. The national welfare goal specifies basicallyeconomic criteria for decision making. Projects chosen on the basis of
these criteria may differ from those which would be chiosen on some other
basis. 

Projects are also appraised on the basis of financjal criteria
 
-- by their ability to generate revenues equal to the expenses of the
undertaking plus a "fair return." Conceptually, four policy situationscan be distinguished when both criteria are employed: (1) both criteria
 agree to reject the proposal; (2) the economic criterion rejects the
proposal while the financial criterion accepts it; (3) the economiccriterion accepts the proposal while the financial criterion rejects it;
and (4) both criteria agree to accept the proposal.
 

There is no conflict in cases (1) and (4), since economic andfinancial criteria agree. In case (2) the two criteria conflict but nopolicy dilemma ispresented since it isordinarily easy to reject aproposal, to do nothing. The main cause of such a situdtion is theexistence of important divergences between the market prices and thetrue opportunity costs of various inputs. This is particularly true ofinputs with market or financial prices which understate their true economic cost, such as scarce foreign exchange, capital, and skilled labor.The project -,ay also have undesirable effects ("external diseconomies") 

I/ Refer to Robert Sadove and Gary From, "Financing Transport Investments," in Gary Fromm (ed.), Transport Investment and EconomicDevelopment (Brookings Institution, 1905), pp. 224-241. 
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which the economic analysis will include and the financial analysis ig
nore. An example would be increased costs in other industries which use 
the sme inputs as transport. If the objective is the economic develop
ment of the country, it is clear that any project which is unjustified 
by economic criteria, even though it may be financially attractive, must 
be rejected.
 

It is only in case (3), where a project meets the economic 
criteria but cannot pay its own way, that an important policy problem 
arises: a subsidy must be raised to support the prnject if it is under
taken. Before such a course is rejected, there are certain possibilities 
which should be examined. First, a project which cannot raise its own 
operating expenses and interest on fixed investment may have important 
favorable effects ("external economies") on the profitability of other 
enterprises. These effects may not be reflected in transport revenues 
but may serve to increase the national income. Second, a project may be 
financially unattractive but still represent the maximum contribution to 
the national income because it is forced to pay out the market prices of 
some factors (particularly unskilled labor) which do not reflect their 
true scarcity value to the economy. Thus in the extreme case where labor 
is otherwise unemployed, the economic opportunity cost of the labor is 
nil, while the financial costs in wages paid out can still be consider
able.
 

However, when a subsidy is necessary to an enterp:ise, the funds 
must be raised either by additional taxation, government borrowing, or 
by reducing expenditures on other public undertakings which may be econ
omically just as good or better than the given proposal. Therefore, it 
will be necessary to undertake careful, broader stuies to determine the 
sources of subsidy funds and the return on any projects, public or pri
vate, which would be reduced or abandoned by reallocation of public funds 
or forestalled by taxation. This will, in effect, determine the true 
opportunity cost of the investment funds (see pages 66-67, 95-96).
The economic profitability of each proposal can then be recomputed, 
using the new opportunity cost of the funds, depending on the source 
from which they are derived. The highest ranking project can then be 
chosen for implementation. 

Of course, this analysis will not ordinarily be an easy under
taking. It is necessary only when financial and economic criteria con
flict and the capital sums involved are ldrge. In view of the high 
costs of such studies, the sensitivity of the decision to different 
costs of public subsidy funds should first be examined by a!suning a 
plausible range of different values of these funds and then observing 
the effect on the choice of the project. (See pages 100-102.) Only 
if the decision is strongly affected by variations in the value assumed 
by the subsidy funds will it be necessary to proceed with intensive 
analyses to determine the true opportunity costs of those funds. Then 
it will require the most expert economic consideration. 

Despite all these considerations, a financial analysis of every 
capital project proposal given serious consideration is important. An 
analysis of the anticipated income and expenditures profile of the pro
ject is the only basis upon which necessary financial arrangements can 
be secured. 

B. Correct Formulation of the Problem 

The "optir.al" solution chosen can only be as good as the alter
natives that are considered; the best criteria cmanot lead to good 
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projects if only poor ones are considered. Thus, much of the difficult 
task lies in the specification of effective technical and administrative 
alternatives in the problem under consideration. There can be no sub
stitute for the specialized knowledge of the combined team of engineer
ing, and economic experts. 

The ran e of alternatives which the investment appraisal enter
tains will profoundly affect the wisdom of the final selection. For 
example, if the problem is transporting coal, a large part of which is 
for thermal production of electricity, the possibility, among others, of 
hydroelectric production and transmission by high-tension power lines to 
markets should be considered. If it is arbitrarily ruled out, a less
than-optimal solution may be proposed. At least six different types of 
alternative actions can be distinguished in transportation planning: 

1. 	 Allocation of investment funds between transport and other 
industries. 

2. 	 Allocation of investment funds between transport and trans
port substitutes. 

3. 	 Choice among different transport modrs. 

4. 	 Choice among different scale, or design standards for each 
project and their spacing over time. 

5. 	 Improvements in regulations and administrative and 
operational efficiency which would increase the effective 
capacity of the existing system. 

6. Rationalization of rate and tariff structures toward more 
efficient utilization of present transport services.
 

In any planning situation, the analyst must carefully weigh the 
advantages and disadvantages of expanding the range of alternatives 
which he considers. Ordinarily, the transport analyst does not con
front alternative (1) directly. He may approach it indirectly by com
paring the rate of return on transport investments with the "going 
market rate" on similar investments in public utilities or large-scale 
industry or agriculture. He may deal with at least that part of alter
native (2)which involves a comparison of additional investment in
 
transport capacity with, for example, the nost obvious alternatives 
in storage facilities, processing plants, and containerization. The
 
transport analyst's responsibility may not encompass the relocation of
 
industrial development. The analyst must compare the importance of
 
expanding the study with the costs of doing so. 

The sphere of interest of the transport study will always in
clude alternatives (3), (4), (5), and (6), which are now discussed. 

Alternative (3). If an alternative transport mode is feasible, 
perhaps cause a navigable river or an existing trunk rail line lies
 
on or near the route, choice between the modes is a question vhich must 
be considered. Perhaps a single mode or a combination of modes will be 
warranted. Since the services which different transport modes produce 
may differ substantially, it will be necessary to make careful compar
ison of the different costs and Lenefits of each. For example, the 
speed of service will be different between road and rail, and between 
rail and water. The interest charges on the goods while in transit, 
which will vary also with the value of the cargo, mst be taken into ac
count. 
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Alternative (4). One of the most important alternatives which 
must be considered is the choice of the optimal scale or design standard 
of the particular facility chosen, and its spacing in time. Ordinarily,
the very minimum facility capable of handling the present traffic should 
be adopted as a base for comparison, and any expansion in scale or other 
enhancement in design standard must be appraised on its own worth; each
increment in expenditure must be considered as an alternative project
and must be separately appraised. 

Example 1:
 

(Detailed numerical calculations for this case are given 
on pages 97-100.) There is a proposal to build a new quay with 
berthing space for two ships to relieve congestion and delay in a 
crowded port. Calculation shows that the whole project, which 
costs $5 million, yields a positive net present value in the country
concerned, and the project is approved. 

However, if separate calculations were made for each additional 
berthing space, it would be revealed that the first space, costing
$3 million, yields a very high net present value. But the second 
space, which costs $2 million and will be used much less, yields a 
negative net present value when evaluated at the opportunity rate.
 
Clearly, the first space, but not the second, should be built.'
 

Example 2: 

A proposal ismade to construct an 18-foot wide paved road into 
a major new colonization area. Combining the costs of the pro
posed highway with the other inputs in housing, irrigation, and 
fertilizer (since all inputs are necessary to produce the given
 
output) and comparing costs with the net increase innational in
come reveals a positive present worth at the giver- opportunity 
rate of interest. The project is approved.
 

However, traffic in the first five years ot the project will be 
very light, and the opportunity cost of capital investment in the 
high':ay will be high. A comparison of the plan that was adopted
with an alternative identical in all respects except for construction
 
of a two-lane gravel road at first and reconstruction five years
later into a paved highway (commensurate with the increased volume 
of craffic at that time), reveals a much higher net present worth for 
the latter plan, even when div higher vehicle user costs are included, 
and it should therefore be adopted. 

Alternative (5). The circumstances within which the transport 
system is to function -- particularly the legal regulation, efficiency
of administration, availability of technicaly skilled people, and 
availability of adequate maintenance funds and spare parts -- must be 
considered in the final determination. Investment in-comnetent admin
istration, echnical training, and proper maintenance usually returns
 
high dividends, but these complementary resources are not automatically

guaranteed, and nLw arrangements in this respect may require long ges
tation periods before yielding output. The transport planner must 
either make sure that the complementary resources are available or out
line the appropriate policies necessary to secure them for the particu
lar transport solution which he recommends. 

Alternative (6. Transport rates for different types of traffic
 
may not reflect the actual costs of hauling that traffic. There are 
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circumstances in which distortions between rates and costs are econom
ically sound. These distortions often arise because of government

regulation of rates which favors particular classes of users -- su~n 
as passengers against freight or vice versa. Discriminatory regulations 
may be due to implicit value judgments, tradition, or most commonly,
ignorance of actual costs. in such cases, more rational rate making,
by reallocating varicus traffics to the lowest cost media, or by choking
off entirely wasteful, uneconomic movements, can result in impressive
reductions in a nation's total transport expenditures and actually in
crease the capacity of the system. The cost is extremely modest com
pared to investment inadditional physical facilities.2/ In any case,
the issues involved are quite complex and where evidence exists that
 
rates are an important issue, employment of an expert is indicated. 

C. Uncertainties and Risks in Evaluating Costs and Benefits 

Experience has showm that there is a great deal of uncertainty
in predicting the benefits and costs of a proposed project. The pas
sage of time has often revealed wide divergences of actual costs and 
benefits from those originally predicted in the pre-investment appraisal.
More often than not, the passage of time has revealed underestimated 
costs and, not infrequently, overestimated b'nefits. 

More careful application of superior methods of estimating bene
fits and projecting costs and benefits will eliminate many errors; how
ever, a great deal of uncertainty iill always remain in such projections.
The traditional engineering method of handling these uncertainties has
been to allow for "contingencies" by increasing the estimates of costs 
and/or decreasing the estimates of benefits by an arbitrary amount 
based on previous experience, intuition, or a random guess. 

Uncertainties have also been handled by applying a high rate of 
interest as a discount of the risk involved in such investments. While 
these procedures can be of a limited practical value where they have 
some logical basis, they are not recommended here. 

The method for coping with uncertainties recommended here 3/
involves a simple form of sensitivity analysis (see pages 100-102.)
First, by making various contingency assumptions with respect to the 
main variables, those which most importantly affect the analysis can be 
determined. (This may often be done, and is recommended, even before 
field work is undertaken.) Obviously, if the choice of the project is 
not much affected by the variations in the value assumed by a given 

2/ Cf. Edwin T. Haefele and Eleanor B. Steinberg, Government Controls 
'n Transport: An African Case (Brookings Institution, 1965).
 

_/ Progress instatistical .ecision theory and computer programmung is 
now making possible the application of superior techniques for deal
ing with more difficult decisions under uncertainty. See particu
larly John R. Meyer and Mahlon Straszheim, eds., lechniques of 
Transport Planning, Vol. I, chaps. 11 and 12 (Brookings Institution,
forthcoming); and also Pierre MasSd, Optimal Investment Decisions 
(English translation) (Prentice Hall, Inc., 1967), chaps. 5,8; and 
William T. Morris, The Analysis of Management Decisions (rev. ed.,
Richard D. Irwin, Inc., 14), chaps. 17, 18, 20. 
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variable, there is no need to incur the cost of developing an accurate
estimate of that variable. Second, a range of assumptions -- at least 
an optimistic and a conservative extreme -- should be assumed for each 
variable which is determaned to have a major effect on the costs and 
benefits of the investment project. 

In many cases, the investment decision will be the same underboth 	optimistic and pessimistic assumptions. In some situations, one
project will be preferred under one realistic set of assumptions, and 
another project will be preferred on the basis of another set of real
istic 	assumptions -- analysis at the present time cannot narrow the
probable range of behavior of the variable(s) involved. In these 
circumstances, experienced judgment, with an awareness of the importance

of the various assumptions, must be exercised.
 

D. The Investment Decision 

1. Computing present values of future benefit and cost streams 

All criteria for public investment choice are based on a compar
ison of the discounted present value of the future stream of social
benefits, B, with the discounted present value of the stream of social 
costs, C, of each project in relation to every other alternative project. Here only a definition and a brief description of the computation
al method for discounting future value streams to present value sums is
given. The reader who is not already familiar with the conceptual mean
ing of discounting procedures and their application to investment plan
ning will want to refer to a more complete discussion.!/ 

The discounted present values of a stream of benefi ts and costs 
accruing in future years are defined by: 

BO = bl .b + SN 
LT + rJ (I+ r) 'T1--rT- +fl*rT*)" 

b2 	 N 


O+ c2 ......... CN
 
Li +rir (1 + r) Ll + r) 1 

Where: 

r = 	 The appropriate rate of interest in 'the country
wherein the investment is placed (see Section 
4(a), pp. 95-96). 

N = Number of years in investment planning horizon 
(see Section 4(b), pp. 96-97). 

SN = Net salvage value of physical components (land, 
scrap iron, etc.) realized in year N, which may

be negative.
 

b1 , b2 ,.. .bN - Gross increase an income attributable to the 

project, occurring in year 1, year 2, ... 
year N (See Chapter V, Section B.2.) 

4/ Eugene L. Grant and W. Grant Iresoi, Principles of Engineering
Economy (4th ed., The Ronald Press C1., i960u, Lhaps. Z-7, 12, 18, 
is one excellent reference.
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Cl, c2, ... cN - Total costs (or inputs) of the project occuring 
inyear 1, year 2, ...year N. These costs 
encompass all purchas,.s of intermediate goods
and wages, profits and ,nterest of resources 
shifted from other uses. (See Chapter V, Section 
B.3 and Chapter VII.) 

Where the transport investment nay be expecteJ to create onlysmall changes in existing land use, production, and trafic patterns.most of the incr ase in national income will accrue in the form oftransport cost savings when the future costs stream which would occurif the project is implemented is compared with the cost stream thatwould occur if no project or alternative projects were undertaken. Inthis case, the discounted present value of the benefits stream is given by:
B0 A B A B A B A B 

O 	 Cl- cI + c 2 - c2 + ... + CN- cN - S 
(lr)r (I +r) (+t rJN 

Where cl, ...c2 CN represent transport costs occurring inyear 1, year 2 ... , year N andthe superscripts A, B designate any two 
alternative courses of action. 

The present worth factors 1 1 ... 	 can, of 
course, be determined for any rate from any standard interest tables.This formulation implicitly assumes that the benefits or cost values
 
which may actually accrue continuously over each day of any given year,
fall due or are collected on 
the 	last day of that year. This approxi
mation rarely introduces any consequential error. 

Itshould also be noted that a 
present value comparison of this

nature between any two investment projects should be based anon equaltime horizon, N. It isnot correct to compare one project with a 1S
year horizon of benefits and costs, say, with another project with a 10year horizon without some adjustment for the difference in project lives.This may be done by assuming reinvestment (at a given cost, and result
ing 	 in a new stream of benefits) at the end of the shorter-lived projectwhich would, in effect, extend the life of that project to the same
horizon, 15 years, as the longer-lived project, or a ccmmon denominator
 
thereof, for example, 30 years.5/ 

2. 	 Problems in the choice of a decision criterion 

In investment planning commonly there are 	a number of mutually
exclusive alternatives from which only investment projectone 	 must beselected, and often also there are not 	enough investment funds available to undertake every independent project which would yield some net
gain (with a benefit/cost ratio greater than one). Therefore,--=-re
must be some way of choosing the project or projects that would result
in a greater net gain to the economy of the country concerned than some 
other project or set of investment projects. 

_/ 	 For elaboration on these and other matters see the text by Grant 
and Ireson, op. cit. 
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The basic criterion for choosing the best capital project from 
among alternatives is the anticipated benefits and cosLS of each project 
compared with those of every other alternative. In practice, there has 
been much confusion over the last several years about the precise form
 
which this comparison should take, whether it should be the difference 

B0between discounted benefits and costs, - C°; a ratio of discounted 
benefits to costs, B0/C0 ; the internal rate of return, IRR, of each pro
ject; or some other forn. Fortunately, careful studies have now yielded 
conclusive answers to this question. A simple benefit-cost eatio will
 
often lead to the erroneous implementation of investments which do not 
result in the largest net gain or benefit to the economy. Unfortunately, 
the same statement is applicable to the recently fashionable internal
rate-of-return criterion. These matters are briefly discussed here and 
references to the relevant literature are provided for those interested 
in a fuller treatment.
 

0 
a. 	Net present value, V* = B - C0
 

Since the overall objective is to maximize national income, as
 
described in Chapter V, it would seem immediately apparent that one 
correct procedure would be to choose that project (or group of projects) 
which would create the largest discounted net increment innational
 
income, V0. Indeed, it is true that a decision rule based on the differ
ence between the discounted present value of future benefits and costs, 
B* - C', points to that project which will make the maximum contribution 
to benefits under the same circumstances. It is also true that this 
rule is ordinarily the simplest criterion to compute and apply in 
actual investment planning. It is this criterion, net present value or 
V* = B0 - C*, which is developed here and which should be used inevalu
ating capital projects in transport.6/ An example will help to make 
this clear 

Example 3. ilutually Exclusivo'Project Alternatives:
 

A consulting group is considering whether a highway 
should be constructed in a given region, and, if so, 
which of three alternatives which it has under considera
tion should be selected. The alternatives are described 
and the results of the costs and benefits estimates are 
given below.
 

Project A 	 To construct a completely new highway on a
 
1 	new alighment to United States rural highway
 

standards.
 

Project A2 	 Improve alignment in various points and 
rebuild existing roadway. 

Project A3 	 Perform heavy maintenance and repave
 
existing roadway.
 

The time profile of benefits ana costs for these project 
alternatives is given as follows: 

i 
The net-present-value criterion is discussed more fully below, pp.85 - 89. For both conceptual and practical justifications of the 
criterion proposed heie see Roland N. McKean, Eiciency in Govern
ment Through Systems Analysis (John Wiley & Sons, Inc., 1958), pp. 
76-9Z, 116, 124; and J. Hirshleifer, J.G. DeHaven, and J.W. Milliman, 
Water Supply: Economics, Technolo&y and Policy (University of 
Chicago Press, 1960), Chaps. V1 and VII. 
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TIME PROFILE OF BENEFITS (+) AND COSTS C-)
(In millions of U.S. dollars) 

(Benefits represent the gross increment ir national income as definedin Chapter V less annual purchases of intermediate goods and services.) 

Year 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 
Project

Life 0 1 2 3 4 5 6 7 8 9 10 
A1 -100 2 10 15 20 30 35 38 35 25 15 
A2 - 90 5 15 25 30 34 30 22 15 10 5 
A3 - 50 2 8 12 15 20 22 18 10 8 5 

Discounted Present Values
 
At Zero At 10% Discount - Internal Rate

Project Discount (assumed opportunity rate) of Return 
___IRR 

Net Costs Benefits Net Ratio 
Bo Co Co Bo-	 BO-C 0 B0/C0 

A1 125 100 125.6 25.6 1.26 Approx. 14.5%
 
A2 101 90 118.7 28.7 1.32 Approx. 16.7%
 
A3 70 50 71.7 21.7 1.43 Approx. 18.2%
 

Project A2 reflects the greatest net present value, V' = $28.7 
million, when the benefits and cost- streams are discounted at the
assumed opportunity rate of interest of 10 percent. Assuming that non
quantified benefits, uncertanties and all other things equalare 
among all the projects, Project A2 should, according to t'ie net-present
value criterion, be adopted.
 

b. 	Benefit-cost ratios, B*/C°,AB/ A C°7/
 

Various forms of benefit-cost ratios are observed in actual 
practice, but most variants can be showm to take one or the other oftwo basic types: (1) a ratio of total discounted benefits to total
discounted costs; or (i) the ratio of an increment in discounted bene
fits to an increment in discounted costs when a comparison is made 
between projects of different scale.
 

(i) The commonly used total benefit-cost-ratio criterion which 
proposes that any project for which the 	ratio of total discounted bene
fits to total discounted costs exceeds unity (or, inmutually exclusive
 
cases, the project with the highest ratio) should be adopted, is a

particularly misleading guide to investment choice. The example given
above will help to make this clear. 

Project A3 has the highest benefit cost ratio, 1.43, but it 
would be wrong to adopt Project A3 , Itdoes have the highest average
 

7/ 	 See McKean, op. cit., pp. 107-14; and also Grant and Ireson, 2p.cit., pp. 43 -. 
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return per dollar invested. But the objective is to choose that 
project with the largest net profit to the country. Thus, it pays
to invest more than the $50 million necessary for Project A., because 
the additional benefits (at a 10%discount rate), $125.6 - 71.7 million 
= $53.9 million, exceed the additional discounted cost, $100 - 50 
million = $50 million, necessary for Project A1 . This makes clear one 
of the major defects of the simple benefit-cost-ratio criterion: it 
would choose that project with the highest average rate of return, not 
the highest amount of return. 

Obviously, if the project with the highest benefit-cost ratio 
could be expanded in the same benefit-cost proportions, it would always
be best to choose that project and make it as large as possible. In 

=
this example, if Project A3 could be doubled with discounted costs C* 
$100 million and discounted benefits, B*=$143.4 million, then the net 
present value would be $143.4 - 100 million = $43.4 million and it 
would clearly be the best project. The point of the matter is that 
what we know about investment projects in general suggests that they 
cannot be linearly expanded in this way, and, of course, if the engi
neers have correctly stated the alternatives in the first instance, 
this cannot take place. 

But suppose there exists another project, B, unrelated to the 
three projects we have been discus~ng. If Project B's discounted 
benefits and costs were precisely those of Project A3 (C=$50 million, 
B* = $71.7 million) and if the development authority had only $100 
million to invest, which project or projects among the four should it 
choose? Under these specially assumed circumstances both the benefit
cost-ratio criterion and the net-present-value criterion would select
 
Projects A3 and B. Were the level of the capital budget constraint 
assumed to be different, however--$90 million or $140 million, foi 
e .ample--thebenefit-cost-ratio criterion would no longer give unequivo
cal answers while the net-present-value criterion still yields the 
correct conclusions: As is immediately apparent from the net present
values, the correct project choic,- in the former case is Project A2 ,
and in the latter case Projects A2 and B. We conclude that only in 
very special circumstances will a total benefit-cost-ratio criterion
happen to lead to correct project choice and it is therefore strongly
recommended that this criterion not be used.
 

(ii) The incremental form of the benefit-cost-ratio criterion 
can avoid the deficiencies of the total-benefits-total-cost-ratio 
criterion and can lead to the correct choice, i.e., the project with 
maximum net present value, when it is properly applied. This is demon
strated above where we compare the incremental benefit of Project A1

relative to Project k3, $53.9 million, with the incremental cost 
$50 million. However, since this procedure may involve pitfalls, 
usually involves a greater computational burden, and never leads to 
better resulgs than the net-present-value criterion, it is not 
recommended. _/ 

_/ 	 Consider the example given below, pp. 97-1n and especially p. 100. 
which does describe a net-present-value form of an incremental 
benefit-cost analysis. See Grant and Ireson, op. cit., pp. 441-42. 
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c. 	 The internal rate of return, IRR2/ 

Since the net-present-value criterion requires a measure of the
opportunity rate of discount, and since an estimate of the true oppor
tunity rate of discount in an underdeveloped country is very difficult 
to obtain, many practitioners10/ have seized upon the internal rate of 
return (IRR) criterion as a supposedly logical solution to investment 
choice which avoids the need for determining the opr rtunity rate of
interest. Unfortunately, the solution is more apparent than real. The
IRR 	criterion is defined and its major deficiencies discussed below. 

The internal rate of return of a project is defined as that 
rate of discount which will just make the discounted present value of
benefits equal to the discounted present value of costs, or as defined 
by the equation: 

= b, + b2 + ... + bN + SN 

-[co + cl + + ... +c2 


where the internal rate of return,f, is the only unknown. In selecting 
an investment program consisting of several independent projects, the 
proposed decision rule is to rank each project in order of its IRR and 
to adopt all projects with a higher IRR than the opportunity rate of 
interest (if there is capital budgeting, until the budget is exhausted).
Among mutually exclusive projects the rule is to choose that project
with the highest IRR.
 

(i) It should be iuediately apparent that the above remarks 
directed against using the simple benefit-cost-ratio criterion in the
choice of scale of project are equally applicable to the IRR criterion. 
This rule, too, results in the choice of a form of the project with the 
highest rate but not highest amount of social profit. Masse has pro
vided a lucid discussion of this point directed specifically to the 
use of the internal rate of return in investment analysis and the reader
is referred to Masse's work for further discussion.117 

(ii) Where investment alternatives involve projects with
 
different time profiles of costs and benefits, the internal rate of
 
return criterion may yield quite erroneous conclusions. Practical
examples may include choice among different standards of a highway
which involves a trade-off between present capital costs and future 
maintenance expenditures; choice between road and rail solutions where 
a relatively greater part of the railroad's benefits will occur inthe
 
future; and choice between thermal and hydroelectric plants in energy

planning, a particlarly important example of this nature. 

9/ 	 See J. Hirshleifer, "On the Theory of Optimal Investment Decision,"
Journal of Political Econo ',Vol. LXVI, No. 1 (February 1958), pp.
329-52; and Pierre Masse, ptimal Investment Decisions (English
translation) (Prentice HaL, Inc., 1962), Chap. 1.
 

10/ See, for example, Hans A. Adler, "Economic Evaluation of Transport
Projects," in From, op. cit., pp. 192-94. 

L/ Masse, op cit., pp. 23-25, and also Grant and Ireson, op. cit., 
pp. 	214-1.7
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The numerical example given above, which involves a comparison
between three mutually exclusive projects, will serve to make this point
clear. The internal rate is approximately 18.2 percent for Project A3,16.7 percent for Project A2 , and 14.5 percent for Project A . Assuming
that uncertainties, nonquantified benefits and everything eise are equalamong the three projects, the IRR rule tells us unqualifiedly to reject
Projects A1 and A2 and adopt Project A3 as long as it can safely be
assumed that the true opportunity rate of interest in the economy is 
no greater than 18.2 percent, regardless, ifwe may repeat at risk of
redundancy, of the precise value below 18.2 percent which the true
 
opportunity rate does assume.
 

But there is something wrong here. If the rate of interest
 
were actually very near to zero, we can see by inspection that Project
A1 would have a higher net present value, B° - C', than either Project
A or A3 since we are really just adding up all benefits and costs as 

own in the first column of the LdblL of discounted present values, 
page 89. 
 Equally clearly, if all three projects were discounted at

18.2 percent, Project A3'snet present value of zero would be inexcess

of the negative net present value of both Projects A1 and A2. In fact,

ifwe discount all three projects at varying rates of interest we can
define a net present value schedule for each project as portrayed in
Exhibit VII.1, which shows (1) that at an opportunity rate of interest 
between zero and approximately 8.2 percent the net present value of
 
Project Al exceeds the net present value of Projects A2 and A3, (2)
that at a rate between 8.2 and 14.6 percent, the net present value ofProject A2 exceeds that of Projects A1 and A3, and (3)that at an
 
opportunity rate between 14.6 and 18.2 percent, the net present value

of Project A. is positive and exceeds the negative net present values

of Projects A1 ania A2 . What is the conclusion to be drawn from this
 
analysis?
 

The major point, of course, is that if the true opportunity
rate of inte.'est in the economy zerolies between and 8.2 percent,
Project A1 , whose benefits occur relatively farther away in the future, 
isa better investment than Projects A2 and A3 . Similarly, Project A2
is the best investment when the opportunity rate lies between 8.2 and
14.6 percent. Only when the opportunity rate lies between 14.6 and
18.2 percent is Project A3 a good choice. To follow the IRR criterionby adopting Project A3 when the ratetrue opportunity of interest in 
the economy is less than 14.6 percent will result in a net social loss
 
defined in Exhibit VII.1 by the vertical difference between the net
 
present value schedu],s of Projects A2 and A1 , respectively, and Project A3. This phenomenon, of course, isnot limited to a 
specific

example but applied to a broad class of investment situations inwhich

the time profile of costs and benefits differ among project alternatives.
We conclude that the IRR criterion does not, unfortunately, do away with
the necessity to attempt an estimate of the true opportunity rate of 
interest, and that investment decisions involving mutually exclusive

alternatives based on this mistaken notion may very well be mistaken
 
themselves.
 

(iii) Finally, these are not all, but only the two mostimportant objections which can be cited against use of the internal
 
rate of return criterion. The IRR equation may have no solihtion,

several solutions, and even negative solutions under various special

circumstances which occasionally do arise inpractical planning pro
blems. 
However, enough evidence has been presented to indicate, we
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EXHIBIT VII.I.
 

Net Present Value of Projects Al, A 2, A3 , At Various Discount Rates
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feel, 	 that the IRR should not be used as an investment decision rule 
8% 	 erefe r he reader to the relevant literature for a more completediscussion.12

3. 	 Interdependencies, alternatives , and the formulation 
of an investment program 

Planning an investment program involves the selection of that 
particular combination of projects for a given total amount of avail
able 	investment funds which will result in a greater net gain to the 
national income than any other feasible set of projects. In preparing 
an investment program for transport or any other public sector it is 
first of all necessary to identify all interdeperdencies between the 
various projects. These will be not only physical alternatives, such 
as different design standards, Al, A2, A3 , etc., for a given highway,
Project A, but also projects which are interrelated in the sense that 
one will affect the benefits or costs of the other, but are not be them
selves mutually exclusive. All interrelated projects should be combined 
in every possible way to form a group or project set of "system alter
natives" which are mutually exclusive. For example, the benefit of 
the highway, Project A, will be quite different if an irrigation
scheme, Project B, is also implemented, and it would be something
quite different again if both Project B plus another Project C, say a 
fertilizer plant, were undertaken. Thus there are a number of mutually
exclusive system alternatives (which increases rapidly with the number 
of interdependencies) from which only one project can be chosen: 
Projects Al; B; C; A1 + B; A1 + C; A1 + B + C; A2 + B; A2 + C; A2 + B + 
C, etc. 

The whole group of interrelated projects thus composes one invest
ment set, Set I, which is logically independent of all other project
sets, II, III, etc., which are, in turn, each composed of one or more 
mutually exclusive alternatives. Independence means that the benefits 
and costs of any project in Set I will not be affected by the decision 
to adopt or reject Set II, III, IV, or any other. The decision rule 
which we employ must distinguish between mutually exclusive projects
and independent projects or project sets. 

Furthermore, it must be noted that the particular alternative 
chosen within any one investment plan may vary as the opportunity rate
of interest varies--at 6 percent Project A1 , say, will be preferable,
while at 10 percent Project A2 + B will be preferred. Moreover, at a 
high enough rate of interest no project alternative in the given invest
ment set will have a positive net interest value, and that set will 
drop out of the potential investment program. The point here is that 
alternatives which are relevant at one rate will no longer be relevant 
at another rate of interest. When the rate of interest varies, not 
only the level of profitability of the investment program, but also 
its composition alters and project selection procedures must take 
account of this shift. 

The investment decision rule given below does take account of 
these considerations and suggests practical ways of incorporating them 
in actual planning. 

12 	 See the references to Hirshleifer and Masse on p. 91, and in 
addition Hirshleifer, DeHaven, and Milliman, op. cit., Chap. VII. 
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4. The decision rule
 

When 	 future benefits and costs are discounted at the appropriate
rate of discount (as defined in Section (a) immediately below) over the 
appropriate time horizon (as defined in Section (b) below): 

RULE A: Adopt each independent project or project set if, and 
n-Tf, its net present social value ispositive--those pro

jects for which V = B* - C* isgreater than zero. 

RULE 	 B: For mutually exclusive projects, adopt that project i 
MY-ihe highest net present social value--that project for 

0 0 0which V* is greater than V where V = B. - C is the net 
present social value for aAy other Autually eiclusive alternative, 
JL 

a. Determination of the appropriate rate of interest, rl3/ 

Ideally, the desired social rate of discount, which can be 
deduced from the economic goals and investment opportunities of the 
country concerned, as well as information on the profitability of 
alternative public and private investments, will be determined and made 
available by the national planning commssion, development boazd, or 
similar government agency. Unfortunately, seldom will this information 
be so conveniently available in underdeveloped countries. 

In many practical situations, the best available solution will
be to determine rough estimates of the upper and lower bounds within 
which the "true" values of both the social rate of time preference and 
the marginal private return on investment may be expected to fall.
Often investments will either be accepted or rejected under both rates,
and in these cases the solution is unambiguous. In cases where the 
investment proposal is accepted at one rate of discount and rejected
at the other rate, it will be necessary to undertake a more careful 
determination of the preferred social rate of discount and the returns 
to alternative investments. However, in this case a closer scrutiny
of the net benefits of the given project will often be even more 
important. 

Where the amount of available capital funds is budgeted. In 
certain planning situations there will be only a limited amount of funds 
available to economic development projects in general, or to transport
projects in particular. The capital budget is fixed--total investment 
can fall short of the limit, but it cannot exceed it. In most of these 
cases the rate of return on the most attractive public project which is 
not adopted will exceed the rate of return on comparable investments in 
the private sector. However, its capital budget is fixed by political
determination, by the high costs of raising additional funds through
taxation, or whatever; and the public authority cannot borrow or other
wise procure more investment funds. 

13 	 For a more complete discussion of the issues involved in choice of 
a social discount rate, see John R. Meyer and Mahlon Straszheim,
eds., Techniques of Transport Planning, Vol. I, Chap. 14 (Brookings
Institution, torthcoming); and Jochen K. Schmedtje, "On Estimating
the Economic Cost of Capital," International Bank for Reconstruction 
and Development Report No. EC-138 (October 1965). 
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In this situation it is the return on that marginal public
project which represents the true opportunity cost of investment funds,
and it is this rate, along with the social rate of discount, which
should be used.1/ Since the rate of discount affects the choice ofprojects, and the choice of projects determines the marginal rate of
return to be used as a discount, a formally correct solution will
involve some moderately complicated and time-consuming calculations.
The practical solution to this problem recommended here is simply to
first estimate (or guess at) the rate of return on the marginal project
which will ultimately be determined. If the estimate15/ is close to

that 	"correct" rate, the results yielded by the two-part decision rule
given above will correspond closely to the results of a mch moreformal solution.6/uexpensive 

b. Choice of planning time horizon, N 

Effectiveness of action over time is the main criteiion. The 
shortest time span, considering the following constraints, should be
sected:
 

(1) 	 Technical, managerial, and administrative abilities of less 
developed nations to construct and operate projects in
 
accordance with specifications.
 

(2) Physical life of project, if limited; that is, the expected
"supply life." 

(3) 	 Functional use life 	of project, considering obsolescence,
innovation, competitive substitutes, changes in consumers' 
tastes, etc., that is, the expected "demand life." 

To give a concrete example, consider a highway investment in 
a developing country. Technically, roadways can be made to last foreverby seal coats every few years, rebuilding of structures, and diligent
maintenance throughout. The functional life 	of the highway is probably
also rather long, provided it is sensibly located in relation to traffic
 
needs. This 3s not a limitation.
 

14/ 	 Note that this is only true if the marginal return to public invest
ments, discounted at the social rate of discount, from the fixedbudget is likely to exceed the net return, similarly discounted, 
on marginal private investment. If it is anticipated that public
investment funds are large enough so that the marginal returnwhich would be earned (if all available funds were utilized) would 
be below the net social return on private investment, it is the
social return on private investment whicl constitutes the real

opportunity costs, and which therefore should be used in discount
ing. The result will be that some of the budgeted funds will bewithheld from investment in this sector, and can be made availablefor more productive purposes in other sectors. 

15/ 	 Which may vary from one year to the next. Where procedures for
handling non-constant interest rates exist, and this situation canbe foreseen, it involves only an increase in the computation burden.See Hirshleifer, DeHaven, and Milliman, op. cit., p. 157. 

L6/ 	 A formal solution involves computing, in effect, a marginal efficiency of capital schedule. This, as well as a justification of the
above approximative procedures, is given in McKean, op. cit., pp. 
88-92.
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The real determinant will consequently be the ability of the
government to carry out the project successfully and to operate it insuch a fashion that the benefits claimed in the investment analyses
are, in fact, realized. Anybody with field experience will confirm thatthere are great differences in the competence of governments and highway departments in various parts of the world. Without adequate maintenance budgets, or equipment and performance standards, a road maydeteriorate completely in five to ten years after day of opening. 
If
this situation is foreseen by the field analysts, then five or ten years
should also be the length of the investment planning horizon. 
If there
is evidence of certain salvage values, such as right-of-way and structures, these should be incorporated into the analyses. 
If,on the
other hand, a 
competent highway maintenance division does exist, complete with professional staff, good equipment, and a record of adequate
budget allocations, then long time spans and/or full salvage values can
safely be imputed. The same arguments apply, of course, to railway,
pipelines, and water transport organizations, airlines, airport and
harbor authorities, power and communications agencies. 
A realistic
assessment of the operating capabilities of the enterprise in question
is a vital part of the investment analysis.
 

It should be recognized that application of a discount rate
serves to de-emphasize the future and provides a kind of substitute fora time horizon. Exhibit VII.2 depicts the present worth factors (or
"analytical weight") for different years at various rates of interest.It shows that at a rate of interest of 12 percent, benefits or costs
beyond 25 years are valued at less than 5 percent of face value; beyond
40 years at 1 percent or less. Thus, in countries with high opportunityrates of interest, the problem of choosing the appropriate time horizon
will for practical purposes be avoided by use of that high rate of
discount.
 

Example 5: 
 A Port Investment Problem
 

There is a proposal to build a new quay with additional berthing space for two shins to relieve congestion and delay in
a
crowded port. 
 Engineers have calculated capital costs and the
anticipated reduction in unit transport costs for each of the
major commodities, and it is anticipated that the major benefitsof the project will take the form of cost savings.
 
The data given here are greatly oversimplified for convenience
in the calculations. 
It isassumed that there is
one large capital outlay, CK, which is incurred immediately, and that operating and maintenance expenses, C
 and C ,


level each year, neither rising nor falling from one year to
 
the next.
 

o occur at an unchanging
 

The following information has been determined:
 
Planning Horizon: 
 N = 40 years
 
Opportunity Interest Rate: 
 r = 10 percent 

Annual Operating Plus
Capital Costs 
 Maintenance Costs
Project Cl 
 Co +.
 

Doing nothing 

$1,500,000
Project A
1 (two berths) $5,000,000 
 900,000
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EXHIBIT VII.2 

ANALYTICAL WEIGHT OF FUTURE BENEFITS AND COST AT 
VARIOUS POINTS OF TIME AND VARIOUS INTEREST RATES 

(Present worth factors) 
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0till
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WRONG: The following analysis might be presented to justify 
the project. 

change inUniform
 

Ck Annual CO + Cm 

Project A1 compared
 

with doing nothing $5,000,000 $-600,000
 

where: 

C1 - Present worth of capital costs, Project A1. 

Bl = Present worth of future cost savings benefits. 

then, C . $5,000,000 

B -Present worth uniform annual strew 
(600,000) for 40 years, at 10 percent. 

= 9.779 (600,000) - 5,867,400 

Va - B1 - C' = $5,867,400 - 5,000,000 - $867,400 

Conclusion: V1 > 0. Therefore adopt Project A1 . 

W44NT: What is wrong with this analysis? Answer: Important 
alternatives in the scale of the project may have been neglected. 

Suppose that the following data could be determined for a quay 

involving only one berthing space: 

Annual
 
Co+ C
 

Project A2 (quay
 
with one berth) $3,000,000 $1,100,000
 

CORRECT: Consider Project A1 compared to doing nothing and 
Project A2 compared to doing nothing as mutually exclusive alternatives. 
Then the decision rule tells us to choose that project with the higher 
net present value. We need only the following additional computations: 

Change in Uniform 
C Annual Co + Cm 

Project A2 compared 

with doing nothing $3,000,000 $ -400,000
 

Therefore:
 

C; a $3,000,000
 

B - 9.779 (400,000) - $3t,91,600 

2 B; - C2 $3,91i,600 - 3,000,000 - $911;60
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With the calculations already given above we now have: 

Project A1 compared with doing nothing: V' = $867,400 
Project A2 compared with doing nothing: VO = $911,600 

Conclusion: V' >V1. Therefore adopt Project A2 . 

CORRECT (Incremental Benefit-Cost Approach): Once the net 
present value of Project A2 had been CompU.Led, the analyst might have 
elected, at a slight increase in computational burden, to compare the 
increment in benefits to the necessary increment in costs associated
 
with Project A, compared to A2 .
 

This comparison of Project A1 to build two berths with Project 
A2 to build only one berth reveals the following differences: 

Additional Change in Uniform 
Ck Annual Co + Cm 

Project A1 compared
 
with Project A2 $2,000,000 $ -200,000 

C1 = $2,000,000
 

ABO = 9.779 (200,000) = $1,955,800
 

V° = & BO A C0 
- = $1,955,800 - 2,000,00 = -44,200 
Conclusion: & V* < 0. Therefore, reject Project A1 . 

In this formulation it is explicit that a second berthing space
involves more additional costs than the additional benefits which it 
generates and should therefore be rejected.
 

E. Alternative Assumptions and Sensitivity Analysis 

Because of the limitations on co.t and time in the appraisal
study, it is always necessary to accept a great deal of information
based on broad averages and subject to a wide degree of uncertainty.
Itmust be realized, however, that as the scope and depth of the 
analysis is restricted and increasingly broad assumptions are intro
duced as a consequence, the chance of reaching erroneous conclusions
is increased in some degree. The importance to the conclusions of 
various components of the analysis will vary from one to the other.
Clearly it is more important that those assumptions and estimates which 
greatly affect the outcome of the analysis be more carefully considered 
than those that do not have much effect on the outcome. 

Very simple techniques can be used to yield important insight
into these issues By assuming various values for the different vari
ables and observing the effect on the overall costs and benefits of 
the project, a determination of the most important variables, those to
which the solution is most "sensitive," can be made. The estimates of 
these particular variables can then be subjected to careful review, and
additional study time devoted to improving those which seem to be most 
uncertain.
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As a minimum, the value of the decision criterion for each 
alternattve must be computed on the basis of both (A) the most con
servative (least favorable) set of assumptions, and (B) the most 
optimistic (most favorable) set of assumptions with respect to: 

1. Costs of the project. 

2. Traffic projections and associated economic development. 

3. Shadow values of foreign exchange, rate of interest, 'wages
 
of unskilled and skilled labor.
 

Where other variables appear crucial, these should also be. 
estimated on both conservative and optimistic assumptions. 

Where, in a choice between mutually exclusive projects, one 
appears most favorable under one set of realistic assumptons and the 
other most favorable under another, experienced judgment, informed of 
the inportance of particular assumptions, must be exercised. 

Example 6: 

Let us consider how the investment decision discussed in 
Examples 1 and 5 above is affected by variations in the capital 
cost components on the analysis. 

Consider what happens if the capital costs of the project
given in the original estimate were to understate the costs which 
would actually be incuried by various percentages. By arbitrarily
assuming various increases in costs, and repeating the simple
calculations given in Example 5, the following results are 
obtained.
 

Original Estimates of Capital Costs:
 

Plan A1 $5million
 
Plan A2 3 million
 

(All other variables assumed unchanged)
 

Assumed Excess of
 
Actual Capital Costs Over 

Estimated Costs 
Assumed Value 
of Actual Costs 

Net Present 
Worth, V ° 

10 percent Plan A1 
Plan A2 

$5,500,000 
3,300,000 

$ 367,400 
611,600 

15 percent Plan A1 
Plan A2 

5,750,000 
3,450,000 

113,400 
461,600 

20 percent Plan A1 
Plan A2 

6,000,000 
3,600,000 

-132,600 
311,600 

25 percent Plan A1 

Plan A2 

6,250,000 

3,750,000 
-382,600 

161,600 

101
 



If the original costs estimates were within 25 percent of the 
correct figure, the project will be beneficial. It has been revealed 
by a few minutes' coputation that a decision to implement Plan A2 will 
not be affected by an expected excess of actual costs over the original 
estimates unless that excess goes beyond 25 percent. Unfortunately, it 
has not been uncommon in the past actually to observe errors in cost 
estimates for transport projects in underdeveloped countries of this 
order of magnitude and even more. In this case, a supposed port devel
opment project, previous experience in planning similar investments 
under similar conditions might be considered. If realized costs on 
previous projects have approached the order of one and one-quarter times 
the original estimates, this would be ample reason for the investment 
analyst to require hAs engineers to provide firm evidence to support 
their estimate. 

F. Sunmmary 

A summary description of decision criteria and rules for the 
choice of interest rates and planning horizons is given in Exhibit VII.3. 
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EXHIBIT VII.3Y: DECISICq CRITERIA FOR QOOSING A14NG ALTERNATIVE INVESj POSSIBILITIES 

DECISINRULE 

1. Adopt each project or plan if, but only if, 

V0 = B° - Cc> 0 
2. 	 Between mutually exclusive projects, choose that project for which 

Where:
 

BI = 	 Discounted present value of the project's gross benefitsstream for N years at r interest rate. 
C! = Discounted present value of the project's costs streamfor F years at r interest rate. 

T RAE: 	 N = Planning time horizon in years.At least two interest rates should be used in discounting, representing upper and lower limits(See pp. 95-96) encompassing actual values of both 

(a) the social rate of time preference 	 for consumption, asrevealed by the country's economic goals;
(b) the expected rate of returnTIME HDRIZON: Generally the shortest time span, 

on the marginal investment. 
considering the following constraints, should be selected: 

(a) Technical, managerial, and administrative abilities of less,develodnation_ to constructwith specifications. and operate project in accordance 



EXHIBIT VII.3 - continued 

(b) Physical life of project, if limited. 

(c) Functional life of project, considering obsolescence,innovation, competitive substitutes, changes in 
consumers tastes, etc. 

RANGE OF ALTERNATIVES: 

1. Transport and transport substitutes, such as processing, containerization. 

2. Different transport modes. 

3. Different design standards and their spacing over time. 

4. Regulatory, administrative, and operational improvements. 

5. Rationalization of rates policies. 

REQUIRED INFORMATION: 

Evaluation of projects under alternative optimistic and conservative assumptions. 




